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INTRODUCTION
Functional hop tests, such as the Single Leg Hop for Distance 
(SLHD), triple hop, and crossover hop, assess lower extremity 
muscle strength and the ability to perform tasks requiring 
dynamic knee stability. These tests are commonly used to 
monitor progress during knee rehabilitation programs [1,2], 
specifically after Anterior Cruciate Ligament Reconstruction 
(ACLR) [1]. Previous literature showed significant associations 
between hop performance and physical impairments such as 
muscle weakness, increased passive joint laxity, and deficits in 
knee joint proprioception [2].

Structural changes associated with ACL injuries have also been 
reported; for instance, bone bruises are found in a high proportion of 
paediatric ACL injuries [3]. The distance covered in the SLHD reflects 
the overall work done by the kinetic chain during the propulsion 
phase of the leg, specifically at the hip, knee, and ankle. This work 
must be managed throughout the landing phase, and distance, 
balance, and stability are analysed after the test, which may reveal 
the knee stability, which help identify deficits and determine the 
effectiveness of any rehabilitation intervention [1,2].

Assessment of physical-functional status plays a key role in 
identifying individuals at higher risk of injury. The test serves as a 
foundation for designing a conditioning program to prevent injury 
as well as monitoring the recovery. It assists in predicting the risk of 

lower limb injuries, tracking functional improvements, and guiding 
return-to-sport decision-making for the athletes [4].

Motor skill development in children is affected by task difficulty, 
environmental factors, and individual traits. Obesity can make 
activities more challenging, leading to reduced physical activity 
[5]. Walking is the first locomotion skill, begins with toddlers 
exhibiting wide stances and outward toes, gradually progressing 
to a more aligned posture. With increasing age, walking speed 
and step length increases, with joint kinematics becoming more 
consistent by around three-year-old. By age of seven, nearly 60% 
can hop on one leg, but “mature hopping” is typically achieved by 
age five, with full mastery often not reached until approximately 
10-year-old [6-8].

Age, gender, and BMI can influence lower limb performance in 
children due to ongoing growth and developmental variations. 
Assessing hop performance across these factors helps in 
improving interpretation and understanding functional differences 
in paediatric populations. However, current literature provides 
limited evidence on normative values of SLHT [3,6,9-11] and its 
reliability in healthy children while considering variations in body 
composition. Therefore, the existing research gap indicates 
the need for further research on normative values and reliability 
measures to improve the interpretation of SLHT performance in 
children.
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ABSTRACT
Introduction: The Single Leg Hop Test (SLHT) is a functional 
tool used to evaluate unilateral lower limb power and dynamic 
stability in paediatric populations. Although, it is widely used 
in clinical and research settings, standardised reference ranges 
for school-going children are not well-established, limiting the 
ability of consistent interpretation of performance results.

Aim: To establish normative values for the SLHT among school 
going children aged 8-15 years.

Materials and Methods: A cross-sectional study was 
conducted at MM International School, Mullana, Ambala, 
Haryana, India from January 2025 to December 2025. This 
study included 330 school-going children aged between 
8-15 years. Participants were stratified by age and gender. 
The test was conducted using standardised procedures, and 
hop distance was recorded as the primary outcome measure. 
Age and gender-specific reference ranges were established 
using descriptive statistics, including mean values, standard 
deviations, and percentile distributions to measure the changes 
in functional performance.

Results: A total of 330 school-going children aged 8-15 years 
were analysed. The mean distances of the single leg hop 
were 85.04±28.46 cm for the right leg and 81.83±29.66 cm 
for the left leg. Hop performance improved gradually with age 
(p<0.001). Females demonstrated slightly longer hop distances 
than males; however, the difference was not statistically 
significant, while higher Body Mass Index (BMI) showed lower 
hop performance outcomes (p<0.05). The children showed 
age-related improvements in lower-limb strength, balance, and 
functional ability. In addition, for the reliability testing of SLHT, 
another sample of 166 school-going children across different 
BMI categories was analysed. Excellent reliability was observed 
for both limbs, with Intraclass Correlation Coefficients (ICC) of 
0.99 for right and left leg hop distances (95% CI: 0.987-0.996, 
p<0.001).

Conclusion: The present study provides age and gender-specific 
normative values for the SLHT in school-going children, reporting 
age-related improvements, slightly higher performance in females, 
and a mild negative influence of higher BMI, thus supporting its 
standardised use in paediatric functional assessment.
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and demographic information, including age, height, weight and 
gender was collected with neurological or neurodevelopmental 
conditions, the number of medications currently being taken, and 
a history of fall-related injuries, if any. Participants were categorised 
according to BMI into three groups: Normal weight (BMI between 
the 5th and 85th percentiles), Overweight (BMI between the 85th and 
95th percentiles), and Obese (BMI equal to or greater than the 95th 
percentile) [12].

Administration of the Test:

The SLHT was performed according to previously described 
standardised procedures [3].

1.	 A SLHT was performed on both legs by the participants.

2.	 Distance of the hop was measured with the use of measuring 
tape starting from the line marked from big toe of the tested leg 
to heel after landing.

3.	 Three hops were allowed as practice, followed by three test 
attempts with a rest interval of 60 seconds between them. 
Best of three attempts was considered.

4.	 A successful hop was defined as hopping and landing on the 
same leg maintaining the stability for at least 3 seconds.

5.	 Participants were free to move their arms during the test, and 
no specific jumping techniques were instructed to minimise 
bias.

To determine the test–retest reliability, a separate sample of 166 
participants was recruited in addition to the normative sample. 
Participants were then categorised into normal weight (n=54), 
overweight (n=56), and obese (n=56) groups. Prior research has 
demonstrated that approximately 50 participants are needed to 
provide stable estimates of reliability [13]. All assessments were 
taken by single trained assessor and were repeated after 48 hours 
so as to minimise recall bias and physiological changes of each 
participant between measurements [14].

After testing one leg, participants repeated the procedure with the 
other leg. Participants were allowed maximum three jump attempts 
in full stability 3s after landing. If during landing the participant 
touched the ground with the other leg, the attempt was considered 
unsuccessful. The test was conducted during the morning hours to 
avoid the potential influence of fatigue. Participants were asked to 
perform the tests barefoot to prevent variability in performance due 
to differences in footwear. No specific instructions were given for 
warm up before testing in order to maintain the consistency across 
participants. The test was performed on a flat indoor surface under 
similar environmental conditions.

Participant safety and comfort was prioritised throughout the 
study and any confounding factors that could impact the results 
were considered. This structured approach was intended to 
maintain the reliability and validity of the results and to contribute 
valuable evidence into the physical performance of school-aged 
children.

STATISTICAL ANALYSIS
The data analysis was done with Statistical Package for Social 
Sciences (SPSS) software, version 26.0. Kolmogorov-Smirnov 
test was applied for assessing the normality as the estimated 
sample size was 330. The descriptive statistics used One -way 
Analysis of Variance (ANOVA) and was presented as Mean± 
Standard Deviation (SD) as the data is normally distributed. 
A linear regression model was applied to develop predictive 
equations. Test-retest reliability was assessed using ICC, while 
absolute reliability was evaluated using the Standard Error of 
Measurement (SEM) and Minimal Detectable Change (MDC). 
The data analysis for agreement between measurements was 
represented with Bland-Altman plots and scatter plots were used 
for graphical representation.

So, the present study aimed to establish age and gender specific 
reference values, relative and absolute reliability of the SLHT in 
normal, overweight, and obese children. The objectives of the 
study are to evaluate single leg hop performance in school-going 
children aged 8-15 years, to analyse variations in hop distance 
across different age groups and between genders, and to establish 
normative values for clinical and functional assessment in normal, 
overweight, and obese children.

MATERIALS AND METHODS
A cross-sectional study was conducted at MM International 
School, Mullana, Ambala, Haryana, India from January 2025 to 
December 2025. Ethical approval for the study was obtained from 
the Institutional Ethical Committee (IEC no.: 3088) of Maharishi 
Markandeshwar Institute of Medical Sciences and Research 
(MMIMSR) of Maharishi Markandeshwar (Deemed to be) University 
Mullana, Ambala, Haryana, India. The study was conducted in 
accordance with Helsinki Declaration revised in 2013 and National 
Ethical Guidelines for Biomedical Research involving Human 
Participants, 2017.

Inclusion and Exclusion criteria: In the study, both male and 
female school-going children between the age of 8 and 15 years 
who were able to follow verbal instructions were included. Children 
receiving medications that could affect balance, those unwilling to 
perform the test procedures, or those with known musculoskeletal 
injuries, recent fractures, neurodevelopmental or neuromotor 
disorders, severe visual impairments, myocardial infarction, or any 
other medical conditions that could influence balance, muscle 
strength, or functional performance were excluded. Non-cooperative 
participants were also excluded from the study. Underweight 
children (<5th percentile) were excluded to avoid the influence of 
undernutrition on functional performance outcomes.

Sample size calculation: School-going children of 8-15 years of 
age were recruited for the study using purposive sampling. The 
sample size was calculated using the Cochran’s formula 

n=(Z2×P×q)/e2, 

where the Z value was 1.96. The expected proportion (P) was 
assumed to be 70% based on previous literature reporting functional 
performance outcomes in hop testing among children [10]. The value 
of q was calculated as (100-P), and the error margin (e) was set at 
0.05. The estimated sample size was 323 and was adjusted to 330 
participants for the precision and reliability of the reference values.

Data collection was performed using standardised materials and 
equipment, including a measuring tape and floor tape for marking 
distances, a weighing machine, a stadiometer, a stopwatch, a pen, 
paper, and a scale. Anthropometric measurements, including age 
(years), weight (kg), height (cm), and BMI (kg/m2), were recorded 
before testing. The primary outcome measure was hop distance, 
with the additional functional observations of balance and stability 
during test performance. All assessments were conducted by 
following the standardised testing protocols for ensuring consistency 
and reliability of the measurements.

Study Procedure
The permission was taken from the school principal to conduct 
the research within the school premises. To invite participation, 
local announcements were made targeting students aged 8 to 15, 
encouraging their involvement in the study. Once students express 
interest, they were given an assent form, and their parents were 
provided with an informed consent form that outlines the study’s 
objectives and procedures.

The SLHT procedure involved several steps. After participants were 
informed about the study and demonstrated all the equipment 
s, their questions were answered before they sign the consent 
form. Each participant was given a unique reference number, 
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RESULTS
A study of 330 school-going children between the age of 8 and 
15 years was done to establish the normative values of SLHT. The 
mean age of the study participants were 10.71±1.84 years [Table/
Fig-1]. There were 201 males and 129 females in this study.

Normality testing using the Kolmogorov-Smirnov test showed normal 
distributed of the hop distance data (p>0.05). Therefore, parametric 
tests were applied for further analysis. Descriptive statistics of the 
demographic and anthropometric characteristics of the participants 
presented in show normal distribution [Table/Fig-1].

Variables Mean±SD

Age (years) 10.71±1.84

Weight (kg) 49.86±12.98

Height (cm) 141.58±11.34

BMI (kg/m2) 24.76±5.20

[Table/Fig-1]:	 Descriptive characteristics of the participants.

Age group (years)
Right leg hop distance (cm) 

Mean±SD
Left leg hop distance (cm) 

Mean±SD

8-9 74.19±25.96 70.96±25.32

10-11 81.13±26.32 77.63±28.45

12-13 96.00±27.49 92.40±27.02

14-15 107.10±27.15 106.28±33.09

Overall 85.04±28.46 81.83±29.66

[Table/Fig-2]:	 Age-specific reference values of single leg hop distance (right and 
left legs).
*One-way ANOVA showed a statistically significant difference in hop distance across age groups 
for both the right and left legs (p<0.001)

Gender
Right leg hop distance (cm) 

Mean±SD
Left leg hop distance (cm) 

Mean±SD

Female 87.16±28.14 84.87±28.58

Male 83.68±28.64 79.88±30.25

[Table/Fig-3]:	 Gender-specific reference values of Single Leg Hop Distance (SLHD).
*Independent samples t-test showed no statistically significant difference in hop distance 
between females and males for both the right (p=0.278) and left legs (p=0.136). n=330 
(Females=129, Males=201)

BMI category
Right leg hop distance (cm) 

Mean±SD
Left leg hop distance (cm) 

Mean±SD

Normal 95.58±22.56 94±30.26

Overweight 85.29±28.11 81.02±27

Obese 82.17±29.72 79.34±30.96

[Table/Fig-4]:	 Reference values of single leg hop distance based on BMI category.
*One-way ANOVA revealed a statistically significant difference in hop distance across BMI catego-
ries for both the right (p=0.023) and left legs (p=0.014)

Variables Test (cm) Retest (cm)
ICC 

(95% CI)
SEM 
(cm)

MDC 
(cm)

Right leg 83.61±23.96 83.88±23.69 0.99 2.39 7.24

Left leg 82.59±22.93 82.72±23.02 0.99 2.29 6.35

[Table/Fig-5]:	 Test-retest reliability of the Single Leg Hop Test (SLHT).
Values are expressed in Mean±SD.

mean hop distances for both limbs. This represented an inverse 
trend between hop performances with BMI category which revealed 
a statistically significant difference in hop distance across BMI 
categories for both the right (p=0.023) and left legs (p=0.014).

Multiple linear regression analysis was performed to examine the 
influence of age, weight, height, BMI, and gender on single leg hop 
performance. The regression model was statistically significant for 
both the right leg (R²=0.199, F=16.087, p<0.001) and the left leg 
(R²=0.188, F=15.033, p<0.001). Age was a significant predictor 
of hop performance for both limbs (p<0.001). Height (B=-1.706, 
p=0.003) and BMI (B=-3.642, p=0.024) demonstrated a significant 
inverse relationship with hop distance. Weight (B=1.516, p=0.053) 
showed a borderline positive relationship in the model, while gender 
was not found to be a significant predictor of hop performance 
(right: p=0.580; left=0.268).

Although height showed a significant negative coefficient in the 
regression model, this finding appeared counterintuitive from a 
clinical perspective. However, collinearity diagnostics showed high 
Variance Inflation Factor (VIF) values for height, weight, and BMI, 
indicating multicollinearity among growth-related variables included 
in the model. These variables were retained in the model to examine 
their combined influence on hop performance.

Based on the regression analysis, predictive equations were derived 
as follows:

Right leg hop distance (cm):

Hop distance= 253.106+8.468 (age)+1.516 (weight)-1.706 (height)-
3.642 (BMI)-1.648 (gender)

Left leg hop distance (cm):

Hop distance=247.403+8.338 (age)+1.604 (weight)-1.689 (height)-
3.640 (BMI)-3.457 (gender)

*Gender was coded as 1= female and 2= male.

In addition, for the reliability testing of SLHT, another sample of 
166 school-going children across different BMI categories were 
analysed. Test-retest difference scores showed normal distribution 
(RtDiff p=0.545; LtDiff p=0.576). Excellent reliability was observed 
for both limbs, with ICCs of 0.99 for right and left leg hop distances 
(95% CI: 0.987-0.996, p<0.001). A Cronbach’s alpha of 0.995 
indicated high internal consistency. The findings presented in [Table/
Fig-5] indicate minimal measurement error and high consistency of 
the SLHT across repeated measurements. The SEM values were 
2.39 cm for the right limb and 2.29 cm for the left limb, while the 
MDC values were 7.24 cm and 6.35 cm, respectively, indicating 
minimal measurement error [Table/Fig-5].

Reference ranges for the SLHT in [Table/Fig-2] demonstrated a 
progressive increase in hop distance with age. For the right leg, 
the mean hop distance increased from 74.19±25.96 cm in the 
8-9 years age group to 107.10±27.15 cm in the 14-15 years age 
group, indicating consistent age-related improvements in lower limb 
functional performance.

Similarly, the left leg hop distance improved from 70.96±25.32 cm 
to 106.28±33.09 cm across the same age groups demonstrating 
marginally higher hop distances compared to the right leg. *One-way 
ANOVA showed a statistically significant difference in hop distance 
across age groups for both the right and left legs (p<0.001).

Comparison of hop performance demonstrated female participants 
with slightly higher mean hop distances than males for both limbs 
is presented in [Table/Fig-3]. The mean right leg hop distance 
in females was 87.16±28.14 cm that was higher compared to 
83.68±28.64 cm in males. Similarly, the mean left leg hop distance 
was 84.87±28.58 cm in females and 79.88±30.25 cm in males. 
These findings suggest marginally better hop performance among 
female participants in the studied age group. However, Independent 
samples t-test showed no statistically significant difference in hop 
distance between females and males for both the right (p=0.278) 
and left legs (p=0.136).

Hop performance across BMI categories in [Table/Fig-4] showed that 
children in the normal BMI category demonstrated the highest hop 
distances for both the right (95.58±22.56 cm) and left (94.00±30.26 
cm) legs. Participants in overweight category showed comparatively 
lower hop distances, while the obese category exhibited the lowest 

For the evaluation of systematic bias between test and retest 
measurements, paired sample and one-sample t-tests were 
performed. Paired sample t-test demonstrated the absence of a 
statistically significant difference between test and retest scores 
for the right limb (p=0.313) or the left limb (p=0.581). One-
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sample t-test also confirmed that mean difference scores did not 
show a statistically significant difference between test and retest 
measurements for either limb (right: p=0.313; left: p=0.581), thus 
indicating the absence of systematic error.

Bland-Altman plots were constructed to evaluate agreement 
between test and retest measurements for both limbs. The Bland-
Altman plot for the right limb is presented in [Table/Fig-6], whereas 
the corresponding plot for the left limb is shown in [Table/Fig-7]. The 
plots demonstrated that the most data points were distributed within 
the 95% limits of agreement, indicating good agreement between 
test and retest measurements with no evidence of systematic bias. 
Simple linear regression revealed no significant relationship between 
mean SLHT performance and test-retest difference scores.

pubertal increases in muscle mass and strength [4,10,17]. However, 
in pre-adolescent and early adolescent age groups, gender-based 
differences in hop performance are generally minimal [5,18]. These 
findings are often supported by differences in biological maturation 
related neuromuscular development rather than true gender-related 
disparities in strength or power [19,20]. Therefore, current study 
demonstrates the significance of interpreting hop performance 
primarily with age-specific reference ranges and not only relying on 
comparisons by gender alone in younger population.

Analysis based on BMI categories revealed that children with normal 
BMI demonstrated the highest hop distances, whereas performance 
was lowered in overweight and obese participants progressively. 
Children with higher BMI tended to have lower hop distances, 
which has also been reported in previous studies that indicates the 
increased mechanical demands placed on lower limb during lower 
limb tasks such as hopping, can diminish movement efficiency and 
functional performance [21,22]. These findings highlight that body 
composition should be considered while interpreting the outcomes 
of functional performance in children.

Moreover, the study exhibited excellent test-retest reliability of the 
SLHT confirming its consistency and clinical applicability. ICCs 
of approximately 0.99 for both limbs indicate very high relative 
reliability, which indicate comparable and consistent values reported 
in earlier studies of single leg hop performance tests in paediatric 
and sports rehabilitation settings [9,23]. High internal consistency 
further supports the stability of the measure. Primarily, the low and 
acceptable values of SEM and MDC, respectively suggest that 
changes exceeding the MDC can be interpreted as true changes 
in performance rather than error variations in measurement. The 
test and retest measurements showed absence of significant 
differences between them and Bland-Altman analysis also exhibited 
good agreement and no proportional bias, therefore supporting the 
robustness of the SLHT for repeated measures.

The present findings show that the SLHT provides consistent 
and reproducible measurements along with clinically meaningful 
reference values in school-going children. The use of age, gender 
and BMI-specific reference ranges, together with MDC thresholds, 
allows for precise and accurate interpretation of functional 
performance by the outcomes of SLHT and true changes in 
it over time. The results of this investigation support the use of 
this test as a reliable measure for functional assessment and long 
term monitoring of performance changes in paediatric clinical and 
research settings.

Clinically, the existence of normative data for age-specific populations 
will help physiotherapist/clinicians in identifying children with 
reduced functional capability of the lower limbs and monitor their 
rehabilitation progress following injury to the lower limb. Normative 
values may also facilitate the functional assessment of school-aged 
children and help to identify their limitations in strength, balance, 
and neuromuscular control within the lower limb. Furthermore, 
the reference ranges established in this study may assist in the 
evidence-based decision-making for returning a child to activity or 
sport and help to evaluate changes in function over time through 
paediatric rehabilitation programs. Standardised reference values 
for hop performance may facilitate the objective evaluation of 
functional performance as well as aid clinicians and researchers in 
evaluating rehabilitation or training programs that are designed to 
improve lower limb function in children.

Limitation(s)
There are certain limitations of the present study that must be 
taken into consideration while interpreting the results. The data was 
collected from school-aged children of the same geographical area, 
which may limit generalisability of the findings to other populations. 
Furthermore, although participants were classified by BMI, there 
were no measures assessed on body composition such as muscle 

[Table/Fig-6]:	 Bland-Altman plot showing agreement between test and retest 
Single Leg Hop Test (SLHT) scores for the right limb.

[Table/Fig-7]:	 Bland-Altman plot showing agreement between test and retest 
Single Leg Hop Test (SLHT) scores for the left limb.

DISCUSSION
The present study established age, gender and BMI-specific reference 
values for the SLHT in school-going children aged 8-15 years and 
evaluated the test-retest reliability of this functional performance 
measure. The data showed an evident age-related increase in hop 
distance for both limbs, with progressive improvement from younger 
to older age groups. Recent evidence indicates that age-related 
improvements in hop performance occur not only due to increases 
in muscle mass but also by neuromuscular adaptations that enhance 
motor unit recruitment and dynamic muscle control during growth 
[15]. This suggests growth-related changes in muscle strength, 
neuromuscular coordination and motor control during childhood 
and early adolescence. Similar results have been consistently 
reported in hop performance in previous researches in paediatric 
population, where hop distance increased progressively with age 
due to improvements in strength, coordination, and neuromuscular 
maturation [10,16]. This supports the clinical relevance and validity 
of the reference values established in the present study.

Although, gender analysis demonstrated marginally higher hop 
distances among female participants, this difference was not 
statistically significant. Previous studies in older adolescent 
populations often report greater lower-limb power in males due to 
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mass or fat percentage. Due to the cross-sectional design of this 
research, the ability to assess any developmental changes in hop 
performance over a period of time was limited.

Future longitudinal studies with larger and more diverse samples may 
allow for the better understanding of how functional performance 
for hop change throughout the growth and development process.

CONCLUSION(S)
The hop distances demonstrated consistent improvements with 
increase in age, whereas increased BMI was associated with mild 
decrease in hop capacity. The present study established normative 
values of SLHT that enhance the accuracy for interpretation of 
performance for the same and support its standardised use in 
paediatric functional assessment. The SLHT also demonstrated 
excellent test-retest reliability with very high ICCs, indicating strong 
measurement consistency. Therefore, the test can be considered 
as an effective and reliable tool for assessment of functional 
performance of lower limb in children. The normative data may 
provide useful information for screening of functional performance 
and monitor the changes during in it throughout the process of 
growth and rehabilitation.
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