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Psychometric properties of the Obstacles and Curb tests 
and their discriminative ability across functional levels in 
ambulatory children with spastic cerebral palsy
Maha F. Algabbania, Banan A. Almassa,b, Afaf A. M. Shaheena,c, 
Adel Alhusainia, Muneera M. Almurdia and SamiahAlqabbani d

The Obstacles and Curb tests are timed walking 
assessments that have emerged from the Spinal Cord 
Injury Functional Ambulation Profile and have been 
modified for children; however, their psychometric 
properties have not been adequately investigated. The 
aim of this research was to examine the psychometric 
properties of the Obstacles and Curb tests for children 
with cerebral palsy (CP). This cross-sectional study 
included 68 children aged 6–12 years; there were 34 
children with CP and 34 age- and sex-matched typically 
developing children. Validity was examined by correlation 
with the 10-m Walk Test (10-MWT), Modified Time 
Up and Go test (mTUG), and Pediatric Balance Scale 
(PBS). Differences in the Obstacle and Curb test scores 
were calculated between children with CP and typically 
developing children and within different Gross Motor 
Function Classification System (GMFCS) levels. Children 
with CP completed the tests twice within a 30-min interval 
in the same session. The tests showed significant strong 
to very strong correlations with the 10-MWT, mTUG, and 
PBS. The within-session reliability was excellent, typically 

developing children were significantly faster than children 
with CP with high sensitivity and specificity, and the time 
differed significantly within the GMFCS level. Thus, the 
Obstacles and Curb tests can be considered valid, reliable, 
and sensitive walking tests for ambulatory children with 
CP. International Journal of Rehabilitation Research XXX: 
XXXX–XXXX Copyright © 2023 The Author(s). Published 
by Wolters Kluwer Health, Inc.
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Introduction
Cerebral palsy (CP) is an umbrella term for a non-pro-
gressive motor disorder resulting from damage to the 
developing brain that affects movement and posture and 
causes functional activity limitation and participation 
restrictions [1]. It is the most common physical disabil-
ity among children [2]. With the presence of CP, children 
are usually challenged with walking activities as a part of 
everyday life [3,4].

Many children with CP and their parents prioritize walk-
ing above all other activities [5] because it is a means of 
independence and participation in other physical, recre-
ational, and social activities [6]. In general, children with 
CP find it more difficult to walk on uneven surfaces and 
curving paths [7,8]. The specific limitation in mobility 
for children with CP depends on the type of CP and the 
severity of the condition. The Gross Motor Functional 

Classification System (GMFCS) is a five-level classifica-
tion tool used to indicate motor function in children with 
CP. It rates a child’s motor function from the least severe 
(Level I) to the most severe (Level V) [9]. Children with 
classifications of I, II, or III are considered ambulatory 
children [10].

Walking is a complex task when being evaluated; it 
requires tools that measure different aspects of walking, 
such as gait speed, dynamic balance, and stepping abil-
ity. Timed walking tests play a large role in examining 
the walking ability of children with CP. Currently, timed 
walking tests, such as the 10-m Walk Test (10-MWT) and 
Modified Time Up and Go test (mTUG), are important 
assessments of walking for children with CP [11,12]. 
Although these measures provide information regard-
ing walking speed and general walking function, they 
assess walking over level ground only. In contrast, the 
Standardized Walking Obstacle Course test [13] exam-
ines differences in functional ambulation performance 
among children in relation to environmental demands 
and obstructions. It involves walking through a standard-
ized obstacle pathway that is long and curved; however, 

This is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-
NC-ND), where it is permissible to download and share the work provided it is 
properly cited. The work cannot be changed in any way or used commercially 
without permission from the journal.
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this test is suitable for children walking without the 
need for hand-held mobility devices [14]. Balance can be 
measured independently or as a component of the walk-
ing assessment. The Pediatric Balance Scale (PBS) is the 
most widely used tool to assess balance in children with 
CP [15,16].

For ambulatory children with CP, there is a need for 
walking tests that are suitable for ambulatory children 
at different GMFCS levels, challenge individuals with 
higher walking abilities, and reflect on walking in the 
community [17,18].

Kane et al. [19] modified two tasks of the Spinal Cord 
Injury Functional Ambulation Profile for adults: walking-
above-and-around obstacles (modified to the Obstacle 
test) and a curb/step task (modified to the Curb test). 
The modified tests are feasible for children with CP [20]. 
A turn around a trash can to return to the start pathway 
in the walking-above-and-around-obstacles task was sub-
stituted with a straight pathway and the addition of two 
lines (1 m after the start line and 1 m before the end line) 
to indicate the actual time duration without considering 
the time taken for acceleration and deceleration (before 
and after the two lines). The height and length of the two 
obstacles were adjusted to each child’s leg height and to 
the use of a walking aid. For the Curb test (similar to 
the Obstacles test), two lines were added to the pathway 
to allow for acceleration and deceleration independent 
of the actual timed measured; in addition, the child was 
allowed to get on and off the wooden platform (i.e. the 
curb) by either stepping or crawling [20].

The Obstacles and Curb tests assess walking in chal-
lenging environments and provide a clearer overall 
picture of the walking ability of children with CP; 
they provide visible measures for children with CP, 
whether they use assistive devices or not. Moreover, 
they conceded the difficulty for the children in initiat-
ing the movement by allowing a period of acceleration 
(and also deceleration) separate from the actual time 
measurement. Moreover, the height of the obstacles 
is modified for each child to eliminate a bias regard-
ing the child’s height in performing the tests. These 
aspects make these tests unique when compared to 
other timed walking tests. Normative values of both 
tests were established for typically developing Saudi 
children aged 6–11 years old, allowing for appropri-
ate quantifications for Obstacles and Curb walking 
scores [21]; however, the psychometric properties of 
the Obstacles and Curb tests have not been investi-
gated adequately in children with CP. Kane et al. [19] 
conducted a preliminary assessment of the tests on a 
group of 16 ambulatory children with CP or spina bifida 
and 16 age- and sex-matched typically developing 
children. They found that both tests were valid when 
performed at a fast speed; the tests’ scores correlated 
strongly to very strongly with 10-MWT and TUG (rho 

= 0.86–.90, P < 0.001). The scores of the children with 
CP or spina bifida differed significantly from the scores 
of typically developing children (P < 0.001). Both tests 
showed high within-session test–retest reliability (ICC 
= 0.94–.95).

In clinical settings, to increase the feasibility, useability, 
and appropriateness of the Obstacles and Curb tests to 
measure functional ability and observe changes before 
and after treatment, further studies are required. This 
research needs to test the psychometric properties of the 
tests on a larger sample of patients with CP with different 
motor function levels.

Therefore, the aim of this study was to assess the psycho-
metric properties of the tests in ambulatory children with 
CP, including concurrent and convergent validity, sensi-
tivity and specificity, discriminative validity, within-ses-
sion test-retest reliability, and the minimal detectable 
change (MDC

95
) of the test’s completion times for each 

functional level in both tests.

We hypothesized that the scores of the Obstacles and 
Curb tests would strongly correlate (> 0.6) with 10-MWT, 
mTUG, and PBS (at an α level of 0.01). We expected that 
both tests would distinguish children with CP from typi-
cally developing children and would distinguish between 
different GMFCS levels. Moreover, we hypothesized 
that both tests would have excellent within-session reli-
ability, low measurement error, and acceptable MDC. 
Finally, we predicted that the tests would have moderate 
accuracy with an area under the curve (AUC) of 0.70 or 
higher.

Materials and methods
Study design and setting
In this cross-sectional, psychometric testing study, a con-
venience sample of children with CP was recruited from 
the pediatric rehabilitation departments of Sultan bin 
Abdulaziz Humanitarian City in Riyadh, Saudi Arabia. 
Additionally, a group of typically developing children was 
recruited through flyer distribution in five recreational 
centers in Riyadh, Saudi Arabia. The recruitment of chil-
dren took place from November 2020 to February 2021.

Participants
The children with CP were able to participate in the 
study if they met the following criteria: diagnosed with 
spastic CP; aged between 6 and 12 years; GMFCS Levels 
I, II, or III; able to walk for 14 m with or without walk-
ing aids; and able to cooperate and follow instructions. 
Children who had orthopedic surgery within the past 
6 months or botulinum toxin type A injections within the 
past three months were excluded. Typically developing 
children were included if they were able to be age- and 
sex-matched with a child with CP, born full-term, and 
had no trauma or medical issues that affected their walk-
ing or balance ability [20].
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The sample size was estimated using a web-based sam-
ple size calculator for reliability studies considering two 
repetitions of the tests [22] with a minimum acceptable 
reliability of 0.7, an expected reliability of 0.9 [20], a sig-
nificance level of 0.05; a power of 0.80, and a 20% drop-
out rate. On the basis of this calculation, 68 children (34 
children with CP and 34 typically developing children) 
were considered an adequate sample for this study. The 
children with CP were subdivided into three subgroups 
according to their GMFCS level (n

GMFCS I
 = 12, n

GMFCS II
 

= 12, and n
GMFCS III

 = 10). According to this subdivision, 
the typically developing children were matched.

Instruments

Gross motor functional classification system
In the GMFCS classification system, children with 
CP are categorized into five levels based on their abil-
ity to self-initiate movement. The focus is primarily on 
walking, climbing stairs, and using assistive technology, 
such as walking aids or wheeled mobility devices. The 
GMFCS levels are as follows:

Level IChild can walk indoors and outdoors; run and 
jump with limited speed, balance, and coordination; and 
can climb stairs.

Level IIChild can walk in most settings but with diffi-
culty on uneven surfaces and may need assistive tech-
nology for long distances. They can climb stairs with a 
railing.

Level IIIChild can walk with hand-held mobility devices 
in most indoor settings and use wheeled mobility for long 
distances. The child can climb stairs with railing with 
supervision or physical assistance.

Level IVIn most settings, the child requires physical 
assistance or powered mobility to move around.

Level VAll settings require the child to be transported in 
a manual wheelchair [9].

Obstacles test
The Obstacles test is a walking assessment that 
involves stepping over two different in-height obstacles 
(Styrofoam). Depending on the child’s leg length, the 
first one is at a height of 10–20%, and the second one is 
20–25% of leg length. The child then walks around one 
trash can (56 cm in width and 69.5 cm in height) within a 
pathway 8.5 m in length (see Fig. 1). The child stands at 
the start line and, when instructed, walks at a fast speed 
(without running), stepping over two obstacles, goes 
around the trash can from either the right or left side, 
and then walks until the end line without touching the 
obstacles or trash can. If so, the child does not stop and 
continues walking until the end line. If the child does 
touch an obstacle, either with their body or an assistive 
device, a 10% time penalty is added to the scoring time. 
A child can use a walking aid, but no physical assistance 
from another individual is allowed.

Curb test
The Curb test involves stepping onto and off a wooden 
platform (i.e. the curb) (see Fig. 2). The child is instructed 
to stand behind the start line, then walk fast (without 
running) in a straight line toward the wooden platform, 
step onto it, and then step down to the ground to cross 
the end line. If the child cannot step up, crawling onto 
and off the step is allowed; in this case, the examiner can 
move a walking aid (if one is used by the child) to the 
other side of the platform.

Ten-m walking test
The 10-MWT is a performance measure that indicates 
walking ability and gait speed [17]. It is a valid and relia-
ble tool for children with CP [5,12,23]. The test requires 
the use of a stopwatch and a 14-m path marked at 2 m and 
12 m. Time is measured for the 10 intermediate meters.

Modified Time Up and Go test
The mTUG is a test used to assess functional mobility 
and dynamic balance in 4–12-year-old children [24,25]. 
It has good validity and reliability in children with CP 
[26–30]. To administer this test, a stable chair with a 

Fig. 1

Obstacle test. The length of the walking pathway is 8.56 m (marked by 
two bold lines). Timing starts at 1 m after the start line and is stopped 
1 m before the end line (marked by intercepted lines). Two obstacles 
(0.5 m in length or 0.25 m for children with assistive devices) are 
placed 2.5 m and 4 m from the start line. A trash can (56 cm in width 
and 69.5 cm in height) is placed 6 m from the start line [20].

Fig. 2

Curb test. The start and end lines are marked by bold lines at 2 m 
before and 2 m after the wooden platform (0.21 m × 0.81 m × 1.22 m). 
Timing starts 1 m after the start line and is stopped 1 m before the end 
line (interrupted lines) [20].
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back and no armrests are used. The test requires a chair 
that maintains 90° (more or less 10°) of the knee and 
hip flexion with feet flat on the ground. Near the child’s 
feet, a start line is set on the floor, and a photo is hung 
on the wall three meters away from the start line for the 
child to touch and walk back to the chair to sit down 
[27,29].

Pediatric Balance Scale
The PBS is a valid tool used for assessing balance in 
children from ages 5 to 15 years [31]. It consists of 14 
items that measure balance. Each item is scored from 0 
to 4. The scores for all items are added to generate a total 
score. It is a valid and reliable tool for children with CP 
[15,16,31–34]

Time is measured in seconds; less time required to com-
plete a test shows better performance for the Obstacle 
test, Curb test, 10-MWT, and mTUG test. For PBS, a 
higher total score shows better balance ability.

Demographic characteristics
Demographic data were collected at baseline. The 
weight of the children was measured in kilograms 
using a digital weight scale. The height of typically 
developing children and children with CP with no 
skeletal deformities was measured from standing 
against a tape measure secured to a wall [35]. For 
those with major skeletal deformities, such as scolio-
sis, kyphosis, or flexion deformities in the lower limbs 
[36], height was estimated using segmental measur-
ing through the knee height equation, where height 
(cm) = [2.69 × knee height (cm)] + 24.2 [37]. Knee 
height was measured with the knee and ankle flexed 
to 90° from the heel to the anterior surface of the 
thigh over the femoral condyle; this measurement has 
been shown to be accurate (95% CI, 0.90–0.98) [37] 
in measuring height for children with CP [38]. A tape 
measure was also used to measure the height of the 
lower limbs of all children to customize the obstacle 
heights in the Obstacles test.

Procedure
The Obstacles and Curbs test setups and instructions 
were given to the children following the protocol sug-
gested by Kane et al [20]. The tests were conducted in 
one session by the same assessor. They were completed 
in the following order: 10-MWT, mTUG, Obstacles test, 
Curb test, and PBS to ensure consistency in the collected 
data, with a rest period of 3–5 min between the tests to 
minimize participant fatigue. The Obstacle and Curb 
tests were repeated after a 30-min interval (retest) to 
evaluate within-session test–retest reliability [12,20,39]. 
A separate data collection form was used for each test to 
minimize potential scoring bias from knowledge of prior 
results.

Statistical analysis
IBM SPSS Statistics for Windows, version 28 (IBM Corp., 
Armonk, New York, USA) was used for the data analy-
sis. The data were examined regarding normality using 
the Shapiro–Wilk test. Data were summarized as means 
and SD for bell-shaped data and as quartiles [first, sec-
ond (median), and third] for skewed data. Frequencies 
and percentages were used to describe the categorical 
variables.

Concurrent (criterion) and convergent validity
The validity of the Obstacle and Curb tests was exam-
ined by correlating the test scores with the scores of 
10-MWT and mTUG for concurrent validity and with 
PBS scores for convergent validity. The Pearson correla-
tion coefficient (r) or Spearman’s ranked correlation (rho) 
was used according to the data distribution. At a 0.01 level 
of significance, the correlation values were interpreted as 
follows: 0.00–0.19, very weak; 0.20–0.39, weak; 0.40–0.59, 
moderate; 0.60–0.79, strong; and 0.80–1, very strong cor-
relation [40].

Sensitivity, specificity, and cutoff point
The receiver-operating characteristic (ROC) curve was 
used to test the sensitivity and specificity and to estab-
lish the optimal cutoff points for the tests. The AUC 
quantifies the accuracy of the tests to discriminate the 
performance between the children with CP and the typ-
ically developing children. The AUC was interpreted as 
follows: <0.50, no discrimination; 0.5–0.7, poor discrimi-
nation; 0.7–0.8, acceptable discrimination; 0.8–0.9, excel-
lent discrimination, and >0.9 outstanding discrimination 
[41].

Discriminative validity
Discriminative validity was assessed in terms of the dif-
ferences between children with CP and typically devel-
oping children using a paired-sample t-test [α = 0.05, 95% 
confidence interval (CI)] or Wilcoxon matched-pairs tests 
(α = 0.05) according to data distribution. The ability of 
tests to discriminate among diverse GMFCS levels was 
also investigated using a one-way analysis of variance 
(ANOVA) and Tukey’s honest significant test (HSD) post 
hoc test analysis if needed. The effect size was inter-
preted as follows: 0.2 = small, 0.5 = medium, and 0.8 = 
large (based on [42]).

Within-session test-retest reliability
Within-session test-retest reliability was analyzed using a 
two-way random-effects intra-class correlation coefficient 
model with a single rater (ICC

2,1
) and absolute agree-

ment. Correlations were considered significant at the 0.01 
level, with an acceptable value ranging from 0.70 to 0.95 
[43]. Moreover, the correlation coefficients r were used to 
detect test-retest reliability.
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Minimum detectable change
Absolute reliability was estimated for each GMFCS 
level using minimum detectible change with a 95% CI 
(MDC

95
). The MDC

95
 was calculated on the basis of the 

standard error (SE) of measurement (SEM) using the for-
mula: MDC = SEM × 1.96 × √2. Furthermore, the MDC% 
was defined as (MDC/mean) × 100%, where mean repre-
sents the mean value for the retest assessment. SEM was 
calculated using the formula: SEM = SD 

at baseline
 × √(1 

– ICC), where SD is the SD at baseline. Values for ICC 
greater than 0.90 indicate excellent reliability, between 
0.75 and 0.90 indicate good reliability, between 0.50 and 
0.75 indicate moderate reliability, and lower than 0.50 
indicate poor reliability [44].

Results
None of the data were found to differ statistically sig-
nificantly from normal distribution except for the scores 
on the Curb test, combining all the GMFCS levels (P < 
0.001).

Participant characteristics
In general, 44 children with CP were invited to partic-
ipate in this study; 10 children were excluded because 
they did not meet the study criteria (seven were diag-
nosed with ataxic CP, and three were not cooperative). 
The analysis was conducted with 68 participants: 34 
children with CP [mean age 8.9 (1.8) years, height 123.2 
(8.3) cm, and weight 25.1 (6.4) kg] and 34 age- and sex-
matched typically developing children [mean age 8.9 
(1.8) years, height 128.2 (13.1) cm, and weight 30.2 (9.4) 
kg]. The participant’s characteristics are presented in 
Table 1.

Concurrent and convergent validity
The analysis of concurrent validity revealed statistically 
positive very strong correlations between the Obstacles 
test and both 10-MWT (r = 0.84, P < 0.001) and mTUG (r 
= 0.90, P < 0.001) and between the Curb test and mTUG 
(rho = 0.93, P < 0.001). A positive strong correlation was 

found between the Curb test and 10-MWT (rho = 0.79, 
P < 0.001). Moreover, the convergent validity analy-
sis revealed that there was a statistically negative very 
strong correlation between PBS and both the Obstacles 
test (r = −0.86, P < 0.001) and Curb test (rho = −0.92, P 
< 0.001).

Sensitivity, specificity, and cutoff point
AUC values of 0.95 (SE = 0.03) and 0.96 (SE = 0.02) 
were obtained after constructing the ROC curve for the 
Obstacles and Curb test scores, respectively (see Fig. 3). 
These values indicate outstanding discriminative abil-
ity and accuracy. The cutoff time for the Obstacles test 
was determined to be 6.2 s (sensitivity, 97%; specificity, 
91%; AUC = 0.95; P < 0.001), and for the Curb test, it 
was determined to be 4.1 s (sensitivity, 97.1%; specificity, 
91.2%; AUC = 0.96; P < 0.001).

Discriminative validity of Obstacles and Curb test 
scores between children with CP and typically 
developing children.
The mean scores of the Obstacle test were 5.24 (0.58) 
and 13.72 (5.25) for typically developing children and 
children with CP, respectively. The medians and quar-
tiles for the Curb test were 2.9 (2.6, 3.43) and 13.5 (5.78, 
36.60) for typically developing children and children 
with CP, respectively. Overall, the typically developing 
children were significantly faster than the children with 
CP [Obstacles: t (33) = −9.70, P < 0.001; Curb: Z = −5.04, 
P < 0.001]. Moreover, the typically developing children 
in the age- and sex-matched group were faster than the 
children with CP at each GMFCS level (see Fig. 4 and 
Table 2).

Discriminative validity of Obstacles and curb tests 
scores within Gross Motor Function Classification 
System level
A one-way ANOVA revealed a significant difference in 
Obstacle test scores [F

(2,31)
 = 105.24, P < 0.001] between 

participants at GMFCS Level I (mean = 7.94, SD = 2.06), 

Table 1   Participants’ characteristics

  Children with CP Typically developing children 

GMFICS I (N = 12) GMFICS II (N = 12) GMFICS III (N = 10) Total (N = 34) Total (N = 34)

Age (years) 9.6 8.1 9.2 8.9 8.9
Mean (SD) (1.9) (1.6) (1.8) (1.8) (1.8)
Height (cm) 126.1 12.9 122.6 123.2 128.2
Mean (SD) (11) (5.2) (7.6) (8.4) (13.1)
Weight (kg) 24.9 24.8 25.7 25.1 30.2
Mean (SD) (7.9) (5.7) (6.1) (6.5) (9.4)
Sex      
 � Boy, N (%) 6 (35) 4 (23) 7 (41) 17 (50) 17 (50)
 � Girl, N (%) 6 (35) 8 (47) 3 (17) 17 (50) 17 (50)
Diagnosis      
 � Diplegia, N (%) 9 (75) 5 (41) 5 (50) 19 (55)  
 � Quadriplegia, N (%) 0 1 (8) 5 (50) 6 (17)
 � Hemiplegia, N (%) 3 (25) 6 (50) 0 9 (26)

Data presented as mean (SD), except for sex and CP diagnosis as frequency and percentage.
CP, cerebral palsy; GMFCS, Gross Motor Function Classification.
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Level II (mean = 14.33, SD = 2.22), and Level III (mean 
= 19.94, SD = 1.33). Similarly, the analysis of Curb test 
scores in relation to GMFCS indicated a significant dif-
ference [F

(2,31)
 = 524.98, P < 0.001] between participants 

at GMFCS Level I (mean = 5.26, SD = 2.06), Level II 
(mean = 13.40, SD = 2.03), and Level III (mean = 40.51, 
SD = 3.69).

The post-hoc analysis with Tukey’s HSD test found that 
the mean values of the Obstacle test and Curb test dif-
fered significantly among the three GMFICS levels (P < 
0.001), with large effect sizes (see Table 3).

Within-session test-retest reliability
Test-retest reliabilities were high; the intra-class correla-
tion for Obstacle and Curb tests showed excellent corre-
lations: ICC

2.1
 = 0.98 (95% CI, 0.97–.99) and ICC

2.1
 = 0.99 

(95% CI, 0.97–.99), respectively. For both tests, the test 
and retest scores were strongly correlated (Obstacle test, 
r = 0.98; Curb test, rho = 0.95).

Minimal detectable change in the test’s completion 
times for each Gross Motor Function Classification 
System level
As a result of the significant differences between the 
times among the three levels, the ICC, SEM, and MDC

95
 

were investigated for each GMFCS level separately (see 
Table 4).

Discussion
The current study investigated the psychometric prop-
erties of the Obstacles and Curb tests on children with 
spastic CP. The results showed that both tests have 
acceptable psychometric properties, expanding the 
results initiated by Kane et al [20]. Both tests were valid 
(strong to very strong correlations with 10-MWT, mTUG, 
and PBS); able to discriminate between children with 
CP and typically developing children; and had high 
within-session reliability. In addition, this study adds to 

the previous knowledge that both tests show high sen-
sitivity and specificity (>90%), providing cutoff points to 
discriminate children with CP from typically developing 
children. Moreover, the scores of both tests significantly 
differed within GMFCS levels. These psychometric 
properties were tested on a larger sample, as recom-
mended by Kane et al.

The results of the current study showed that the 
Obstacles and Curb tests were valid for children with CP 
at GMFCS Levels I–III when performed at a fast speed. 
In this study, the tests were performed at a fast speed 
[20]. According to Kane, Lanovaz, Bisaro, Oates, and 
Musselman [20], the tests were more valid, with greater 
reliability when performed at fast speed. Testing walk-
ing abilities at a fast speed agrees with studies on other 
timed walking tests, such as the 10-MWT and mTUG 
[11,12].

The Obstacles and Curb test scores showed an ability to 
discriminate between children with CP and an age- and 
sex-matched group of typically developing children, and 
these results were in line with Kane et al.’s study [20]; in 
it, test scores were significantly lower for typically devel-
oping children when compared to children with CP, and 
that was expected as a result of the postural and move-
ment impairment in the latter group [1]. A decrease in 
balance is a major result of motor impairments associated 
with CP. Balance and endurance are the greatest factors 
limiting walking abilities in children with CP [4].

Completed times for the Obstacles and Curb tests dif-
ferentiated well between children with CP and typically 
developing children with high sensitivity and specificity 
(>90%), meaning more than a 90% probability of correctly 
identifying the differences between children with and 
without CP. The sensitivity of the test provides us with 
an overview of a child’s problems with walking when 
exceeding the cutoff point time. To the authors’ knowl-
edge, no previous studies have estimated the cutoff point 

Fig. 3

Receiver-operator characteristics (ROCs) curves of (a) the Obstacles test, and (b) the Curb test.
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for timed walking tests regarding identifying children 
with or without CP.

Similar to other timed walking tests, those with lower 
GMFCS levels required more time to complete the 
Obstacles and Curb tests, with significant differences 
between the three-classification levels; this indicates 
that both tests could distinguish among the different 
GMFCS levels of the children with CP. This could be due 
to the higher impairments associated with the degree of 
disability, which decreased gait quality [4]. These results 
were in line with the 10-MWT in showing an ability to 
differentiate children with various GMFCS levels [45]. 
In contrast, the TUG test was not able to differentiate 
between high ambulatory children with CP classification 
I and II; this is probably the result of the less challenging 
nature of mTUG compared to the Obstacles and Curb 

tests [46]. In addition, the current results were similar 
to previous studies that assessed the balance of children 
with CP; for example, Yi et al [32]. concluded that PBS 
has the ability to distinguish among the three GMFCS 
levels after finding significant differences among them 
(P < 0.05).

In line with Kane et al.’s [20] study from 2016, the results 
of the current study showed that the Obstacles and Curb 
tests were reliable assessments with high ICCs; Kane 
et al. found high within-session test-retest reliabilities 
of the Obstacles test (ICC = 0.94) and Curb test (ICC 
= 0.95), though their participants were children with CP 
and spina bifida. Similar results were found with other 
walking tests for children with CP; mTUG and 10-MWT 
were highly reliable within the session: ICC = 0.99 and 
0.95, respectively [12,24].

Fig. 4

Comparison of Obstacles and Curb test scores for different Gross Motor Function Classification System (GMFCS) levels. Distributions are depicted 
using boxplots; thick line denotes median, box denotes interquartile range, and circles denote outliers.

Table 2   Comparison of Obstacles and Curb test scores for different Gross Motor Function Classification System (GMFCS) Levels I 
(n = 12), II (n = 12), and III (n = 10) with age- and sex-matched group of typically developing children

Tests GMFCS level 

Children 
with CP

Mean (SD) 
Typically developing children

Mean (SD) 

Independent sample test

Effect size T df P value 

Obstacle test
Level I 7.94 (2.06) 5.08 (0.67) −4.20 11 <0.001 2.36
Level II 14.33 (2.22) 5.16 (0.17) −15.99 11 <0.001 1.99
Level III 19.94 (1.33) 5.53 (0.38) −33.29 9 <0.001 1.37

Curb test Level I 5.26 (2.06) 2.84 (0.53) −4.06 11 <0.001 2.02
Level II 13.40 (2.03) 3.05 (0.36) −17.03 11 <0.001 2.11
Level III 40.51 (3.69) 3.15 (0.70) −27.97 9 <0.001 4.22

CP, cerebral palsy; GMFCS, Gross Motor Function Classification System.

Table 3   Comparison of Obstacle test and Curb test scores by Gross Motor Function Classification System level

 GMFCS level Mean differences SE P value 

95% CI

Effect size Lower Upper 

Obstacles test
Level I vs. II −6.39 0.79

<0.001
−8.34 −4.44 2.14

Level I vs. III −12.00 0.83 −14.05 −9.96 1.77
Level II vs. III −5.61 0.83 −7.66 −3.57 1.87

Curb test Level I vs. II −8.19 1.07 −10.84 −5.55 2.06
Level I vs. III −35.30 1.13 −38.08 −32.53 2.91
Level II vs. III −27.11 1.13 −29.88 −24.34 2.90

Post-hoc significance level P <.05.
GMFCS, Gross Motor Function Classification System; SE, standard error; CI, confidence interval.
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In the current study, the time separating the test and 
retest (30 min) was longer than that of Kane et al.’s study 
(15 min) to ensure that the rest time was appropriate 
and that fatigue was not present to bias the test scores. 
Similarly, re-applying the test on the same day was in 
agreement with the practices of previous studies con-
cerning mTUG test-retest reliability [47,48].

On the basis of our results, if a change between the 
repeated tests exceeded the MDC

95
 of both tests, the 

examiner can be 95% confident that the differences are 
not due to measurement errors or variabilities among 
participants. As a result of the nature of the heteroge-
neity of the children with CP, the MDC

95
 was inves-

tigated for each GMFCS level separately. It appeared 
that the absolute reliability among the GMFCS lev-
els increased when the functional disability increased. 
Examiners can identify changes beyond those 
expected from measurement error and individual vari-
ability using the SEM and MDC

95
 values for each test. 

This information will help in monitoring performance 
changes over time and assessing the effectiveness of 
exercise interventions in children with CP. The cur-
rent study was the first to establish the MDC of the 
Obstacles and Curb tests.

Limitations and recommendations
The participants were drawn from a convenience sample, 
and the number of participants in each GMFCS level was 
relatively small. Therefore, more research with a larger 
sample should be conducted. Other psychometric prop-
erties, such as inter-rater reliability, should be established. 
It is advised to investigate the psychometric characteris-
tics of these tests in relation to other pediatric diseases, 
such as spina bifida.

Conclusion
On the basis of the empirical evidence, we conclude that 
the Obstacles and Curbs tests have adequate psycho-
metric properties for children with CP aged 6–12 years 
at GMFCS Levels I, II, and III. They are suitable for 

children with or without walking aids. Both tests had 
the ability to discriminate between children with CP 
and typically developing children and between different 
GMFCS levels (I–III). Both tests offer the capability of 
testing walking abilities on uneven surfaces.
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