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ABSTRACT  

Objective: Evaluate the validity of the Kids-BESTest clinical criteria for the Functional 

Reach Test (FRT) forward and lateral with laboratory measures of postural control in 

children with Cerebral Palsy (CP). 

Design: Psychometric study of face, concurrent and content validity 

Setting: Clinical laboratory  

Participants: Fifty-eight children aged 7-18 years (ambulant CP n=17, typically 

developing [TD] n=41). 

Intervention: Not applicable  

Main outcome measures: Stability limits in standing were assessed using the Kids-

BESTest FRT forwards [FRTFORWARD], FRT lateral preferred [FRTLATERAL(P)] and FRT 

lateral non-preferred [FRTLATERAL(NP)]. Force platforms and kinematic markers were 

used to collect information on centre-of-pressure (CoP) and joint movement during 

reach. Analyses included: face validity (Kids-BESTest scores compared between CP 

and TD groups); concurrent validity (agreement between Kids-BESTest scores and 

kinematically-derived scores); and content validity (relationships between Kids-

BESTest scores with kinematic and CoP data). 

Results: Face validity was demonstrated with lower scores for CP compared to TD 

groups for FRTFORWARD (p<0.001) and FRTLATERAL(NP) (p=0.03) but not FRTLATERAL(P) 

(p=0.12). For concurrent validity, agreement between Kids-BESTest scores and 

kinematically-derived scores was good to excellent for FRTLATERAL(P/NP) (88-100%) and 

good for FRTFORWARD (86-88%) for both groups. For content validity, for the CP group, 

Kids-BESTest scores were correlated with CoP-RangeFORWARD during FRTFORWARD 

(rs=0.68) and CoP-RangeLATERAL(NP) during FRTLATERAL(NP) (rs=0.57) but not 

FRTLATERAL(P) (rs=0.07). For kinematic data, correlations were moderate-high between 

Kids-BESTest scores and range of hip flexion (rs=0.51) and ankle plantar flexion 

(rs=0.75) during FRTFORWARD, and trunk lateral flexion (rs= 0.66) during FRTLATERAL(NP). 

Conclusion: The FRTFORWARD demonstrated face, concurrent and content validity. The 

FRTLATERAL(P/NP) demonstrated concurrent validity, but partial face and content validity. 

To improve validity of Kids-BESTest FRT criteria qualitative descriptors should be 

added to the quantitative measure of reach.  
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ABBREVIATIONS 

Cerebral palsy (CP) 

Centre-of-pressure (CoP) 

Functional Reach Test (FRT) 

Kids-Balance Evaluation Systems Test (Kids-BESTest) 

Typically developing (TD) 
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Introduction 

The Functional Reach Test (FRT) examines the limits of stability in standing, or extent 

to which a person can reach, when they move their arms, trunk and head away from the 

neutral standing position without changing their base of support (i.e. their foot position) 

or losing balance [1]. This activity is frequently required in daily life for school-aged 

children for example when reaching forward or sideways to pick up something off the 

floor, reaching for a book on a shelf or an object in the refrigerator, or to drink from a 

drinking fountain. The FRT is used in children with cerebral palsy (CP) as a 

discriminative and evaluative measure of postural control [2]. In a systematic review of 

clinical tools to assess balance in children with CP, a version of the FRT forward was 

reported to have moderate evidence for reliability (inter and intra rater) and face validity 

but not concurrent or content validity [2, 3]. Further examination of validity will 

strengthen psychometric evidence for use of the FRT in clinical practice and research.  

 

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

clinical test of postural control available for children [4], and can be used to identify and 

classify a broad range of postural control difficulties in children with and without CP [4, 

5]. The FRT is a key item included in the Stability Limits/Verticality domain of the 

Kids-BESTest. While the Kids-BESTest Stability Limits/Verticality domain has good-

excellent intra-rater, inter-rater and test-retest reproducibility for children with CP (ICC 

0.70-0.92) [5], specific validity of the FRT criteria has not been examined.  

 

Kids-BESTest item criteria, such as the FRT, require laboratory validation to determine 

how well they assess the domain of postural control they purport to evaluate. To 

establish the validity of the Kids-BESTest version of the FRT to measure limits of 

stability competence, the criteria needs to be compared to laboratory measures of both 

balance (i.e., controlling the centre-of-mass [CoM] in relation to the base of support 

[BoS]) and orientation (i.e., controlling the relationship between the body segments) [6]. 

Balance can be evaluated using force plates, which produce kinetic data representing 

Centre-of-Pressure (CoP) movement. Importantly, measurement of CoP outcomes, such 

as CoP excursion/range, has good reliability during reaching tasks in children with CP 
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[7-9]. Orientation can be evaluated using kinematic data, such as measurement of joint 

angle changes, representing body segment position and movement. In children with CP, 

trunk and limb kinematic data have been used to quantify position in reaching tasks [10, 

11].  

 

The aim of this study was to determine validity of the Kids-BESTest clinical criteria for 

the FRT forward (FRTFORWARD) and lateral to the preferred (P) and non-preferred (NP) 

side (FRTLATERAL(P)/(NP)) test items. Objectives were to determine: (i) face validity by 

comparing Kids-BESTest scores between children with and without CP; (ii) concurrent 

validity, by comparing agreement between Kids-BESTest clinical scores and 

corresponding laboratory data for reach distance (measurement of reach from digital 

image) and (iii) content validity, by examining possible relationships between clinical 

Kids-BESTest scores and laboratory measures for balance (CoP range) and orientation 

(kinematic - overall joint movement).   

Method  

Study Design 

This study was a psychometric study of validity. Ethical approval was obtained from 

Human Research Ethics Committees in accordance with Australian National Health and 

Medical Research Council (NHMRC) guidelines.  

Participants  

Participants were children with and without CP. Typically developing (TD) children 

were recruited from the community and children with CP were recruited from a 

statewide CP service and CP Register. Children were included if they were: i) aged 

seven to 18 years; and ii) able to follow child-friendly test instructions. Children who 

were TD were also required to have a history of term birth (38 weeks or greater) and 

demonstrate motor skills within the typical range (percentile rank >15%) when assessed 

using the Bruininks-Osertsky Test of Motor Proficiency, second edition, short form 

(BOT-2: SF) [12]. Children with CP were required to be able to stand independently for 

the FRT assessment (Gross Motor Function Classification System (GMFCS) Level I-

III) [13]. Children were excluded if they had a history of: i) spasticity management, 
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such as Botulinum Toxin, in last three months; ii) orthopaedic or neurological surgery 

in previous 12 months; iii) intellectual, behavioural or medical difficulties that would 

limit full participation in assessment.   

 

Information forms were provided to children and their parents/guardians along with a 

verbal explanation of the protocol and a chance to ask questions. Guardians signed a 

consent form and children signed an assent form prior to participation.  

Procedure 

All children participated in measurement of height and weight. Children with CP were 

also classified according to motor distribution (bilateral or unilateral) and severity 

(GMFCS level). The FRT was then administered as part of the Kids-BESTest, which 

was being administered as part of a larger study.  

Outcome measures 

Functional Reach Test – Clinical Scoring  

The FRT was administered according to Kids-BESTest instructions published by Dewar 

and colleagues in 2017 [4]. The FRT is contained within the Kids-BESTest Stability 

Limits/Verticality domain as Item 7 FRTFORWARD and Item 8 FRTLATERAL. In each item, 

children stood independently with feet aligned to tape on the force plate i.e. 10 cm apart 

at the malleoli and the medial border of the feet at a 15-degree angle. Each item was 

performed as per the instructions documented in Appendix 1. Reach distance is 

recorded as the horizontal distance between two marks on paper. 

 

Using Kids-BESTest clinical criteria, each trial was scored from 0 ‘no measurable lean 

or must be caught’ to 3 ‘maximum to limits’ (See Figure 1). The better of two trials is 

scored.  
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Item 7. FUNCTIONAL REACH FORWARD (Best of two trials)   

                                                                                                            Distance reached:___ cm / in 

0 1 2 3  

 

No measurable 

lean – or must be 

caught. 

 

Poor  

< 16.5cm 

(6.5in). 

Moderate  

16.5cm -32cm  

(6.5–12.5in). 

Maximum to limits: 

>32cm  

(12.5in). 

 

Item 8.  FUNCTIONAL REACH LATERAL (Best of two trials)  

                                                                                                          Distance reached Left_ cm /in 

                                                                                                         Distance reached Right_ cm/in 

No measurable 

lean, or must be 

caught. 

Poor:  

< 10cm  

(4in). 

Moderate:  

10- 25.5cm  

(4-10in). 

Maximum to limit: 

> 25.5cm  

(10in). 

Left  

 

 

Right 

 

 

Figure 1 Kids-BESTest criteria for Item 7 Functional Reach Test Forward and 

Item 8 Functional Reach Test Lateral 

ImageJ - Joint Kinematics 

Joint kinematic analysis was used to assess concurrent and content validity and was 

performed using video of trials. Video recording using anatomical markers was used to 

assess (i) distance reached measured from change in wrist position and (ii) change in 

joint angles of the lower limb and trunk. Video was taken according to the Kids-

BESTest protocol [4] with FRTFORWARD collected from the sagittal view and 

FRTLATERAL collected from the frontal view [4]. Anatomical markers were placed at the 

wrist (styloid process of the radius), shoulder (acromion), pelvis (anterior superior iliac 

spine), hip (greater trochanter), knee (lateral tibial condyle), ankle (lateral malleolus) 

and foot (the fifth metatarsal head). Screen shots were taken from video recordings of 

the target trials when the researcher said “start” and again when the researcher said 

“stop”. ImageJ software (v1.52a, National Institutes of Health, USA, 

http://imagej.nih.gov/ij) was used to measure (i) anterior or lateral distance the wrist 

moved between the start to the end position (See Figure 2A&B) and used to allocate a 

digital-derived score using the criteria from Figure 1 and (ii) change in joint angles 
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measured at the ankle, knee and hip between the start to the end position (See Figure 

2C&D).  
 

                        

                        

Figure 2 Images, taken from screen shots of video recordings, analysed by ImageJ 

for: A. Forward distance reached measured at the wrist; B. Lateral distance 

reached measured at the wrist; C. Changes in angles at the trunk-thigh, knee and 

ankle for Functional Reach Test Forward and D. Changes in trunk-thigh angle for 

Functional Reach Test Lateral. 

Force platform (Bertec 4060 series) – Centre-of-pressure 

While performing the FRT children stood with both feet on a single force plate for the 

FRTFORWARD or with each foot on a separate plate for FRTLATERAL (See Figure 2). Force 

plate data were collected during all trials. Data were digitized (16 bit) at a sampling rate 

A B 

C D 
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of 1000 samples/s using a Power 1401 data acquisition system with Spike 2 software 

(Cambridge Electronic Design Limited, Cambridge, UK).  

 

To enable comparison of data obtained from the force plate with clinical data, for 

content validity, CoP range data was extracted from the same trial used to allocate the 

Kids-BESTest clinical score i.e. the longest reach of two trials. Start and finish time of 

trial was recorded on the CoP trace at the time of recording. This was checked visually 

at the time of data extraction and a cursor placed at start and end time. Start time was 

identified from the CoP trace, as a small deviation in ML direction, as this coincided 

with the paper being marked by the pen. End time was identified as the time in which 

the max AP CoP displacement occurred, just prior to a small deviation of the CoP in the 

ML direction, as this again coincided with the paper being marked by the pen. Spike 2 

software was used to extract peak-to-peak CoP excursion in the antero-posterior 

(RangeAP) and medio-lateral (RangeML) directions between these two time points. 

Analysis  

Summary statistics are presented as mean (standard deviation; SD) for continuous data 

and frequency (percentage) for categorical data, and were compared between groups 

using Student’s t-tests or the Chi2 tests. Face validity was assessed by comparing 

clinical Kids-BESTest FRT scores between groups (CP/TD) using Mann-Whitney U 

non-parametric tests. Concurrent validity was determined by calculating the percentage 

of exact agreement between FRT Kids-BESTest clinical scores as classified according 

to Kids-BESTest criteria versus score allocated using the distance reached measured 

from ImageJ. Percentage exact agreement was interpreted as: excellent if >90%, good if 

>80%, fair if >60% or poor if <60% [5]. Content validity was determined by examining 

(i) associations between clinical Kids-BESTest FRT scores and CoP data from the 

FRTFORWARD and FRTLATERAL for each group and (ii) between group differences 

between the clinical and laboratory data. Associations between clinical and laboratory 

data was examined using Spearman rank correlation coefficients. 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 [14]. Between group differences 

were examined by performing independent samples t-tests on (i) FRT distance reached 
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in cm and (ii) CoP RangeAP and RangeML. Statistical analysis was performed using SPSS 

software (IBM, Armonk, NY, USA). Significance was set at P<0.05. 

RESULTS 

Participants  

A total of 62 families responded to the expression of interest. Four children with CP 

were excluded (one had received lower limb surgery in the previous 12 months, two had 

intellectual disability that limited their full participation in the test items, and one had 

ataxic type CP). Final participants included 58 children including 41 TD children and 

17 children with CP (See Table 1). There were no statistically significant differences 

between groups for age, weight, height and foot length. Left Hand preference was 

identified in 2 (5%) of TD children and 4 (24%) of children with CP.  
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Table 1 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 

GMFCS    

 I [n (%)] 11 (65%) N/A  

 II [n (%)] 6 (35%)   

MACS    

 I [n (%)] 13 (76%) N/A  

 II [n (%)] 4 (24%)   

Motor Distribution 

 Hemiplegia [n (%)] 13 (76%) N/A  

 Diplegia [n (%)] 4 (24%)   

Left Hand preference [n(%)] 4(24) 2(5)  

Kids-BESTest    

 Total score /108  75±14.9 99±5.2 <0.01 

GMFCS, Gross Motor Function Classification System; MACS, Manual Ability Classification System; 

Kids-BESTest, Kids Balance Evaluation Systems Test, N/A, not applicable. 
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Face Validity  

Typically developing children performed well on the FRTFORWARD with all children 

scoring 2 points (59%, n=24) or 3 points (41%, n=17). For the FRTLATERAL TD children 

scored slightly lower with the more scoring 2 points (95%, preferred n=39, 90%, non-

preferred n= 37) and fewer scoring 3 points (Preferred n=1, non-preferred n=3) or 1 

point (preferred n=1, non-preferred n=1).  

 

For the CP group, when performing the FRTFORWARD, more scored 2 points (65%, n=11) 

than 1 point (23.5%, n=4) or 3 points (11.5%, n=2). For the FRTLATERAL no child with 

CP scored 3 points and fewer children with CP scored 2 points than TD children (88% 

preferred n= 15, 82%, non-preferred n=14) and more children with CP scored 1 point 

(preferred n=2, non-preferred n= 3). For the CP group clinical scores were lower than 

the TD group for FRTFORWARD  (p<0.01) and FRTLATERAL(NP) (p=0.03) but not 

FRTLATERAL(P) (p=0.12) (See Table 2). 
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Table 2 Clinical measures and laboratory measures for children with CP (n=17) and typically developing children (n=41).  

 Functional Reach Forward 
(FRTFORWARD) 

Functional Reach Lateral –Preferred  
(FRTLATERAL(P))  

Functional Reach Lateral – Non-preferred 
(FRTLATERAL(NP)) 

 TD* 
 

CP* 
 

Mean diff& 
95% CI 

P-
value 

TD* CP*  Mean diff& 
95% CI 

P-
value 

TD* CP*  Mean diff& 
95% CI 

P-
value 

Clinical Measures             
 FRT [cm] 30.6 

(6.1) 
22.6  
(7.0) 

8.0  
4.3,11.7 

<0.01 18.7  
(3.9) 

14.7  
(4.3) 

4.0 
1.7, 6.4 

<0.01 18.6 
(4.2) 

15.6 
(5.0) 

3.0  
0.4, 5.6 

0.02 

 Kids-BESTest FRT score  2  
[2-3] 

2  
[1-3] 

N/A <0.01 2  
[1-3] 

2 
[1-2] 

N/A 0.12 2 
[1-3] 

2  
[1-2] 

N/A 0.03 

Laboratory Measures             
 CoP [mm] RangeAP 

 
103.3 
(24.6)  

81.7 
(31.6) 

21.6 
6.1, 37.1 

<0.01 32.1  
(16.1) 

28.6  
(9.8) 

1.9 
-4.9, 11.9 

0.41 34.0 
(14.8) 

37.3a 
(20.1) 

-3.4 
-13.1, 4.8 

0.49 

  RangeML 

 
27.6 
(9.3) 

37.3 
(18.1) 

-9.7  
-16.9, -2.5 

<0.01 104.6 
(27.5) 

90.9 
(30.3) 

8.4 
-8.0, 24.7 

0.31 104.8 
(33.7) 

108.1a 
(41.2) 

2.8 
-24.5, 17.9 

0.76 

 Joint 
Kinematics 

Change in 
Angles: 

            

  Trunk-thigh  
 

49.8a 
(14.0) 

33.8b 
(14.9) 

15.0  
6.5, 23.5 

<0.01 23.2c 

[8.3] 
16.8 
[7.7] 

6.4 
1.7, 11.2 

<0.01 22.0c 
(7.3) 

14.4 
(7.0) 

6.5 
3.3, 11.8 

<0.01 

  Knee 3.6a  
(4.0) 

2.7b 
(5.6) 

0.9 
-1.8, 3.6 

0.50         

  Ankle 6.5a  
(3.7) 

5.3b 
(5.3) 

1.2 
-1.3, 3.8 

0.33         

*Summary statistics presented as mean (standard deviation) for all measures except Kids-BESTest FRT score, which is median (range) & TD and CP children 

compared using Student’s t-test, except for Kids BESTest score (Mann Whitney U test). N/A = not applicable. Missing values due to video malfunction an=1,bn=2, 
cn=3. 
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Concurrent validity 

Agreement between clinical Kids-BESTest scores and digital-derived scores for the 

FRTFORWARD was ‘good’ for both the CP (86%; 13/15) and the TD groups (88%; 35/40). 

Data was missing for two children with CP and one TD child due to incomplete videos. 

Agreement between clinical Kids-BESTest scores and digital-derived scores for the 

FRTLATERAL was ‘good to excellent’ for both the CP and TD groups with the agreement 

FRTLATERAL(NP) 88-100% (51/53; 5 missing values) and FRTLATERAL(P) 100% (51/51; 7 

missing values). 

 

Content Validity  

Association between clinical and laboratory data  

When comparing the clinical Kids-BESTest score with CoP range the TD group showed 

low significant correlations with CoP RangeAP for FRTFORWARD and CoP RangeML for 

FRTLATERAL(P/NP) (See Table 3). When comparing clinical Kids-BESTest scores with 

kinematic data, the TD group showed a low significant correlation for FRTFORWARD with 

increase in trunk-thigh angle but not for change in the angle of the knee or ankle. For 

the FRTLATERAL(P/NP) no significant correlations between the clinical score and trunk-

thigh angle were seen. 

 

The CP group showed moderate correlations between the clinical Kids-BESTest score 

and CoP RangeAP for the FRTFORWARD and CoP RangeML for FRTLATERAL(NP) but not 

FRTLATERAL(P). For kinematic data when reaching forward children with CP showed 

moderate correlation between clinical scores and increase in trunk-thigh angle, similar 

to TD children however they also showed high correlation with increased ankle angle 

(plantar flexion). The CP group demonstrated a significant moderate correlation 

between the clinical Kids-BESTest score and increase in trunk-thigh angle for the 

FRTLATERAL(NP) but not FRTLATERAL(P).  
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Table 3 Association between clinical Kids-BESTest scores and laboratory data 

including (i) CoP data and (ii) Kinematic data for three Functional Reach 

Conditions (forward, lateral left and right) for children with CP and TD children. 

Statistics presented are Spearman’s correlation (rs) and p-value. 

 Functional 

Reach Forward 

Functional Reach 

Lateral (Preferred) 

Functional Reach Lateral 

(Non-preferred) 

Laboratory data TD 

 

CP TD CP TD CP 

RangeAP 

[p-value] 

0.38 

[0.01] 

0.68 

[<0.01] 

0.32 

[0.04] 

-0.19 

[0.47] 

0.39 

[0.01] 

-0.09 

[0.75] 

RangeML 

[p-value] 

0.24 

[0.13] 

0.44 

[0.08] 

0.36 

[0.02] 

0.07  

[0.78]  

0.31 

[<0.05] 

0.57 

[<0.05] 

Change in  

Thigh-Trunk Angle 

[p-value] 

 

0.43 

[<0.01] 

 

0.51 

[0.05] 

 

0.30 

[0.06] 

 

0.37 

[0.14] 

 

0.27 

[0.1] 

 

0.66 

[0.03] 

Change in Knee 

Angle [p-value] 

0.10 

[0.53] 

0.49 

[0.07] 

    

Change in Ankle 

Angle [p-value] 

0.20 

[0.20] 

0.75 

[<0.01] 

    

CP and TD groups differences in FRT: distance reached, CoP and joint position 

 

To analyse between group differences it is helpful to consider the tasks of FRTFORWARD 

and FRTLATERAL separately. Analysis for the FRTFORWARD indicated that children in the 

CP group achieved significantly smaller mean reach distance (cm) compared to TD 

children (See Table 2). The CP group performing the FRTFORWARD demonstrated 

significantly smaller CoP RangeAP and larger RangeML than the TD children. For change 

in joint position, from start to the end of reaching, the CP group showed smaller 

increase in hip flexion, knee extension and ankle plantar flexion. However only the 

smaller increase in hip flexion was significant.  

 

In the FRTFORWARD children with CP used different balance and orientation strategies 

when compared to TD children. Children who were TD were able to sustain the starting 

position; to reach, they used a strategy of flexion of the hips with arm extension. 
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Forward movement of the trunk was counterbalanced by backwards movement of the 

pelvis, achieved by extension of the knees and plantar flexion at the ankles (88%, n=36, 

See Figure 3). Less children with CP used this counterbalancing strategy (71%, n=12). 

Children with CP used a variety of other strategies including an asymmetrical strategy 

or symmetrical flexion at the knee and/or at the ankle (See Figure 3). 

 

Analysis for the FRTLATERAL indicated that the CP group achieved significantly less 

mean FRTLATERAL(P/NP) reach distance (cm) compared to TD children (See Table 2) 

Clinical measures and laboratory measures for children with CP (n=17) and typically 

developing children (n=41). However, their CoP RangeML was not significantly less 

than TD children. Video observation showed that for change in joint position, from start 

to the end of reaching, the CP group showed significantly smaller change in trunk-thigh 

angle than the TD children. 

 

In the FRTLATERAL children with TD and CP used different balance and orientation 

strategies however the current clinical score cannot distinguish this, particularly when 

reaching to the preferred side. Children TD attained the starting position, were able to 

weight shift to the reaching side and laterally flex at the trunk. Children with CP had 

reduced or no weight shift to the reaching side and either increased their CoP range or 

constrained it (See Figure 3).  
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Figure 3 Examples of typical versus atypical strategies for forward and lateral reach. 

FRT, Functional Reach Test; CoP, centre of pressure; AP, anterior-posterior; ML, medial-lateral; Kids BESTest, Kids Balance Evaluation Systems Test; SL, slight. 
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Discussion  

This study has produced significant new psychometric data for the FRT. Face validity, 

concurrent and content validity was confirmed for the FRTFORWARD and partially 

confirmed for FRTLATERAL. Face validity for FRTFORWARD was demonstrated with 

children with CP scoring lower than TD children, confirming the Kids-BEST criteria for 

the FRT can identify deficits in stability limits with forward reach. For the FRTLATERAL 

both the TD and CP groups scored lower on the Kids-BEST than for the FRTFORWARD 

indicating that the FRTLATERAL is more difficult postural control task for children. Face 

validity was confirmed for FRTLATERAL(NP) but not FRTLATERAL(P) indicating the Kids-

BESTest criteria for the lateral reach may not distinguish different strategies used by 

children with CP, particularly when reaching to the preferred side. Concurrent validity 

of the clinical measurement of reach with digital-derived measures of reach was good to 

excellent for both FRTFORWARD and FRTLATERAL(P/NP) confirming that the clinical 

measurement is an accurate measurement of reach distance. Content validity was 

confirmed for the FRTFORWARD and FRTLATERAL(NP) conditions. This was not the case for 

FRTLATERAL(P). This confirms that the Kids-BESTest clinical criteria is a valid 

representation of ability to balance during reach but content analysis of kinematic data 

reveal that clinical criteria do not distinguish orientation or balance strategies used by 

children with CP, and therefore do not distinguish if a child can perform a functional 

task when reaching. 

 

When performing the FRTFORWARD task TD children in our study demonstrated an 

counterbalancing strategy by flexing the trunk at the hip, increasing knee extension and 

relative plantar flexion at the ankle to keep the CoM well within the BoS. Fewer 

children with CP used this strategy. There are several possible reasons for this. Children 

with spastic CP have musculoskeletal impairments that prevent backward translation of 

the knee and pelvis, such as: calf spasticity and/or contracture, poor eccentric muscle 

control and poor coordination of selective motor control between agonist and antagonist 

muscles for the knee and ankle [15, 16]. These impairments make using the same 

strategies as TD children difficult or impossible. Therefore, to reach forward some 

children with CP use a hip strategy to achieve trunk flexion without counterbalancing, 
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i.e. flexion rather than extension at the knee and/or DF rather than PF at the ankle 

(Figure 3). Use of the hip strategy during the forward reach test was subjectively 

observed in another study on children with bilateral CP [3]. In our study, when using 

this strategy, children with CP appear to bring their CoM closer to the edge of the BoS 

(into the toes), demonstrated as an increase in the CoP RangeAP. If the CoM is close to 

the edge of the BoS, balance may be easily lost at the end of reach and therefore this 

may affect a child’s ability to perform a functional task when reaching.  

 

Few studies have investigated medio-lateral stability and the use of the FRTLATERAL in 

children [17].  Our study showed that children with CP scored lower than TD children 

on the Kids-BESTest, however scores did not necessarily distinguish the different 

postural strategy used by children with different motor distribution of CP i.e. unilateral 

or bilateral. Typically developing children demonstrated a pattern of weight shift onto 

the leg of the reaching side and then flexing the trunk laterally to maximize their reach.  

When reaching to the non-preferred side, children with either unilateral or bilateral CP 

demonstrated decreased weight shift and decreased trunk lateral flexion. Difficulties 

with weight shift in standing have been demonstrated for children with CP in other 

research [18], in particular reaching to the non-preferred side by children with unilateral 

CP [19]. In addition, children with unilateral or bilateral CP have both been shown to 

have poor trunk lateral flexion when leaning or reaching in sitting, especially children 

with bilateral CP [20]. In our study, when children reached to the preferred side, 

children with and without unilateral CP achieved similar Kids-BESTest clinical scores, 

as these were based on reach distance (i.e. score 2 or 3). However it appeared that 

children with unilateral CP still had some difficulty with achieving maximum weight 

shift and trunk lateral flexion compared to TD children. As expected children with 

bilateral CP had difficulty reaching to their preferred side, showing a range of 

compensatory strategies similar to those demonstrated for their non-preferred side 

(Figure 3). This supports the value of both quantitative and qualitative descriptors of 

performance for the FRT.  

 

Given the outcomes of this study, we recommended that qualitative descriptors be 

added to the Kids-BESTest clinical criteria to more effectively describe postural 
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strategies used by children when reaching outside their base of support (Appendix 1). 

These descriptors indicate; (i) start position postural orientation; (ii) end position 

postural orientation and; (iii) postural balance or where the CoM is in relation to the 

limits of stability. The qualitative descriptors may give insight into the child’s ability to 

maintain postural control (orientation and balance) [21]. For example two children may 

be able to reach a similar distance however at the limit of stability have poor postural 

orientation, as we observed in children with CP, which limits their capacity to maintain 

or sustain their postural balance (CoM over BoS) to achieve a functional task e.g. 

picking up an object.  These descriptors also give direction for possible interventions 

e.g. during functional reach forward a child with bilateral CP may benefit from a triceps 

surae lengthening program to improve ankle range of motion and a strengthening 

program to improve eccentric control.  

Strengths, limitations and future directions for research 

This study is the first to investigate the validity of the Kids-BESTest clinical criteria for 

the FRT forward and lateral in children with and without CP. Statistical differences 

were identified between children with and without CP, but future research could involve 

samples to differentiate postural strategies used by children with different CP motor 

distributions, motor types and ages. This paper involved examination of postural 

strategies used at the limits of stability in standing.  Future research is needed to study 

postural strategies used to control limits of stability in sitting, as well as dynamic 

functional tasks such as sit-to-stand and interventions to improve limits of stability.  

Conclusion 

This study supports the face, concurrent and content validity of the forward FRT. 

Concurrent validity was confirmed for lateral FRT however face and content validity 

were only confirmed when reaching to the non-preferred side in children with CP. To 

improve the ability to reliably describe impairments in forward and lateral reach, we 

recommend the addition of qualitative descriptors to the Kids-BESTest FRT criteria in 

addition to quantitative reach distance.  
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Supporting information 

Appendix 1 Kids-BESTest - Item 7 Funtional Reach Test Forward and Item 8 

Functional Reach Test Lateral (i) instructions and (ii) score sheet with quantitative 

score (based on reach distance) and additional qualitative descriptors 

 

  

II. STABILITY LIMITS 
Examiner Instructions Child Instructions 

7. FUNCTIONAL REACH FORWARD 
A large sheet of paper is taped to a wall. The child 
holds a pen in their closed hand closest to the wall. A 
mark is made on the paper in the starting position, by 
the examiner. The child reaches forward. A second 
mark is made by the examiner at the end position. The 
child may not lift heels, rotate trunk, or protract 
scapula excessively. The child must keep their arms 
parallel to the floor and may use less involved arm. 
The horizontal distance between these two marks is 
then measured after two trials. Record best reach.  
Record quality of movement observations on score 
sheet. 

Stand normally. Please lift both arms straight in 
front of you, holding this pen in your hand 
closest to the wall. I will make a mark on the 
paper then you will reach forward as far as you 
can. Don’t lift your heels. Don’t touch the 
paper or the wall. Once you’ve reached, as far 
forward as you can, I will make a mark on the 
paper.  Then return to a normal standing 
position. I will ask you to do this two times. 
Reach as far as you can.  

8. FUNCTIONAL REACH LATERAL 
A large sheet of paper is taped to a wall. The child 
holds a pen in their closed hand of the reach arm. A 
mark is made on the paper in the starting position, by 
the examiner. The child reaches. A second mark is 
made by the examiner at the end position. The 
horizontal distance between these two marks is then 
measured after two trials. Record the best reach. Make 
sure the subject starts in neutral. The patient is allowed 
to lift one heel off the floor but not the entire foot.  
Record quality of movement observations on score 
sheet. 

Stand normally with your feet shoulder width 
apart. Arms at your sides. Hold this pen in your 
hand and lift your arm out to the side. Your 
arm should not touch the wall behind you.  
Reach out as far as you can. Do not lift your 
toes off the floor. Reach as far as you can. 
(REPEAT other side). 
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(R), Right; (L), Left; Sh, Shoulder; F, Flexion; E, extension; DF, Dorsiflexion; PF, Plantarflexion; Elb, Elbow; LF, Lateral Flexion; Sl, slight.  

Item 7. FUNCTIONAL REACH FORWARD (Best of two trials)                                         Distance reached:   ___________ cm / in 

Quantitative Score 
(Reach distance) 

  0 points 
No measurable lean – or 
must be caught. 

  1 point 
Poor  
< 16.5 cm (6.5 in). 

  2 points 
Moderate  
16.5 - 32 cm  
(6.5–12.5 in). 

  3 points 
Maximum to limits:  
>32 cm (12.5 in). 

Qualitative Scores Start position Reach position 

Upper limb (R) 
(L) 

 Sh. flexion 90˚ 
 Sh. flexion 90˚ 

 Sh. flexion <50˚ 
 Sh. flexion <50˚ 

 Sh. flexion <70˚ 
 Sh. flexion <70˚ 

 Sh. flexion 90˚ 
 Sh. flexion 90˚ 

Hip (R) 
(L) 

 Hip neutral F/E 
 Hip neutral F/E 

 Hip flexion <45 
 Hip flexion <45 

 Hip flexion 70-45 
 Hip flexion 70-45 

Hip flexion>70 
Hip flexion>70 

Knee   (R)           
(L) 

 Knee neutral F/E 
 Knee neutral F/E 

 >5˚ flexion 
 >5˚ flexion 

>10˚ hyperextension  5 to -5˚ flexion 

Ankle (R)          
(L) 

 Ankle neutral DF/PF 
 Ankle neutral DF/PF 

Ankle in DF  
Ankle in DF 

 Ankle neutral DF/PF 
 Ankle neutral DF/PF 

Ankle in PF 
Ankle in PF 

Weight bearing  Weight symmetrical  Weight in toes  Weight asymmetrical  Weight in heels 

Comments:  
 

Item 8a.  FUNCTIONAL REACH LATERAL – Preferred (Best of two trials)   
Indicate reaching arm:  Left       Right                                                                                Distance reached _____________ cm / in 

Quantitative Score 
(Reach distance) 

  0 points  
No measurable lean, or 
must be caught. 

  1 point 
Poor: < 10 cm (4 in). 

  2 points Moderate:  
10-25.5 cm (4-10in). 

  3 points 
Maximum to limit:  
> 25.5 cm (10 in). 

Qualitative Scores Start position Reach position 

Shoulder  Sh. flexion 90˚  Sh. flexion <50˚  Sh. flexion <70˚  Sh. flexion 90˚ 

Elbow  Elb. extended  Elb. flexion ≥90˚  Elb.flexion 45-90˚  Elb. extended 

Trunk   Trunk vertical   LF <10˚  LF 10-20˚ LF > 20˚ 

Pelvis   Pelvis neutral  Pelvis rotated   Pelvis sl. rotated  Pelvis neutral 

Weight bearing   Weight symmetrical 
      on both feet  

 Reach side heel up; 
Non-reach heel down 

 Both heels down  Reach side heel down 
Non-reach side heel up 

Weight shift 
 

 Symmetrical  No weight shift  
     to reaching side 

 Some weight shift  
      to reaching side 

 Max weight shift  
      to reaching side 

Comments:  

Item 8b.  FUNCTIONAL REACH LATERAL – Non-Preferred  (Best of two trials)   
Indicate reaching arm:  Left       Right                                                        Distance reached _____________ cm / in 

Quantitative Score 
(Reach distance) 

  0 points  
No measurable lean, or 
must be caught. 

  1 point 
Poor: < 10 cm (4 in). 

  2 points Moderate:  
10-25.5cm(4-10 in). 

  3 points 
Maximum to limit:  
> 25.5 cm (10 in). 

Qualitative Scores Start position Reach position 

Shoulder  Sh. flexion 90˚  Sh. flexion <50˚  Sh. flexion <70˚  Sh. flexion 90˚ 

Elbow  Elb. extended  Elb. flexion ≥90˚  Elb.flexion 45-90˚  Elb. extended 

Trunk   Trunk vertical   LF <10˚  LF 10-20˚ LF > 20˚ 

Pelvis   Pelvis neutral  Pelvis rotated   Pelvis sl. rotated  Pelvis neutral 

Weight bearing   Weight symmetrical 
      on both feet  

 Reach side heel up; 
Non-reach heel down 

 Both heels down  Reach side heel down 
Non-reach side heel up 

Weight shift 
 

 Symmetrical  No weight shift  
     to reaching side 

 Some weight shift  
      to reaching side 

 Max weight shift  
      to reaching side 

Comments:  
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