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Abstract
Background: Physical activity influences the children’s lower 
limb morphological changes. Different degrees of foot posture 
have varying impacts over the tibiofemoral angle. Purpose: 
This study was carried out to analyze and determine wheth-
er physical activity, football, impacts the knee angle, varus, or 
valgus and whether the altered alignment is more severe with 
the association of different foot postures; neutral, pronated, or 
supinated. Methods: One hundred children (mean age 9.5 ± 
3.61674) who regularly participated in football were selected. 
The outcome measures used were the tibiofemoral angle (TFA), 
the Children’s Physical Activity Questionnaire (CPAQ), and Foot 
Posture Index (FPI) was used to assess the children. Results: 
The following results were obtained, pre and post-test of the 
TFA right and left sides: 6.21 ± 1.61 and 6.16 ± 1.61, respectively. 
The pre-test CPAQ was 3.77 ± 0.42, and the post-test was 4.12 
± 0.50.The FPI concerning the TFA showed no significant dif-
ference between pre and post-test scores in children with neu-
tral, pronated, or supinated feet. Conclusion: Physical activity 
had no significant influence on the knee angle in healthy chil-
dren with or without flatfeet to cause an alteration or structural 
changes in the knee joint. Additionally, considerations could be 
made in the musculoskeletal components regarding injury pre-
vention. 
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Introduction
Physical activity is always beneficial to every indi-

vidual. When appropriately executed, regular physical 
activity is beneficial as it reduces fat, increases bone 
mineralization, and increases cardiorespiratory fit-
ness. [1] Participation in sports, particularly football, 
is becoming more widespread for children and adoles-
cents. [2] WHO defines physical activity as any bodily 
movement produced by skeletal muscles that require 
energy expenditure. The term “physical activity” 
should not be confused with “exercise”, a subcategory 
of physical activity that is planned, structured, repet-
itive, and aims to improve or maintain one or more 
components of physical fitness. [3] The suggested 
physical activity levels in children aged 5-17 years are 
as mentioned; moderate-intensity physical activities 
include a brisk walk, dancing, household activity, and 
gardening. Higher-intensity physical activities include 
walking up a hill, running, fast cycling, football, bas-
ketball, and swimming. [4] 

In a three-year study [5], it was found that the nor-
mal physical development of a child may be altered by 
practicing soccer. However, their suggestion was not 
to consider the obtained results as harmful because 
age influences could be a factor. The obtained scores 
for FPI were in normal values when measured every 
year. [5] Salvador Diaz-Miguel et al. [1] had proved 
children who played soccer had a greater tendency 
towards pronation in the foot. The tibiofemoral angle 
(TFA) is formed between the femur and the tibia. In 
healthy children, the normal development of the knee 
angle undergoes sequential changes from varus to val-
gus. The varus angulation does not persist beyond the 
age of 3 years, and the valgus angulation reaches its 
peak at about 7 years of age. [6] 

A supporting study noted that valgus angle devel-
oped until 4 years of age, then reduced to a plateau stage 
by 8 years of age and remained at 5-6 degrees. [7] Inter-
estingly, it is also observed that intensive soccer playing 
at a growing age may lead to genu varum, increasing 
the arthritic risk in adulthood. [2] Kamran Asadi et 
al. [8] conducted a two-year study on soccer players 
where the results showed that the angle of genu varum 
increased among soccer players. And the degree of var-
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um was increased with previous trauma to the knee. It 
showed that the difference in the knee angle in soccer 
players might be due to the force imposed on the knee 
while playing soccer, resulting in bowlegs. [8] 

Yi-Fen Shih et al. [9] stated that a flexible flat foot 
medial longitudinal arch collapses during weight-bear-
ing and gets restored with the arch once the body-
weight is removed. They also stated that subjects with 
flexible flatfeet walk with a change in the kinematics 
of the lower limb, of which excessive pronation at 
the subtalar joint was the commonest, which leads to 
genu valgum. Lauren E Cain et al. [10] reported that a 
pronated foot indicated a risk for sports injury, it also 
stated that a supinated foot was found to be associated 
with overuse lower limb injuries. 

In another study conducted on adults, it was conclud-
ed that individuals with a flatfoot structure were to get 
pain in the ankle and knee. In contrast, a highly pronated 
or supinated foot showed lesser pain in the lower limb. 
[11] Many studies found that the knee angle in children 
and adults can be influenced by weight, gender, type, and 
intensity of physical activity. [1, 2, 5, 12 -14] 

Although the studies mentioned above show that in a 
specific sport, the presence of flatfeet and level of physical 
activity in a particular sport (soccer) in children can in-
fluence the knee angle in different countries. To the best 
of the author’s knowledge, no studies in India have been 
found to analyze the impact of physical activity (football) 
on the knee angle in healthy children with or without 
flat feet. Therefore, there is a need for further research 
to determine whether different levels of physical activi-
ty impact the structural alignment of the lower limbs or 
causes alteration in the knee joint in healthy children and 
whether the foot structure influences the changes. The 
study aimed to analyze the effect of physical activity over 
knee angle in healthy children with or without flexible 
flatfoot by assessing the degree of knee angle flexible flat-
foot and determining the effect of physical activity on the 
knee angle in healthy children with or without flexible 
flatfoot. With the assumption of no significant effect of 
physical activity on the knee angle in healthy children 
with or without flexible flatfeet, the alternate hypothesis 
is framed as there will be a significant effect of physical 
activity on the knee angle in healthy children with or 
without flexible flatfeet. 

Methods
Out of 3000 students identified in three schools in 

south Bangalore, a total sample size of 100 students 

was obtained. Participants who were actively involved 
in soccer games were included in the study yielded a 
defined population. 

 SS infinite = (z^2*p*(1-p)) /(e^2) =
 = (1.96^2*0.9*0.1) /(0.0025) =
 = 138.2976

 SS finite = SS infinite/(1+(SS infinite/N) =
 = (138.2976) /(1+(138.2976 /3000)) =
 = 132.2031

The characteristics of respondents matched the 
target population. The study was designed as an ob-
servational study, and a convenience sampling meth-
od was used. The study duration was from July 2018 
to July 2019.Ethical clearance was taken from the IEC 
of Krupanidhi College of Physiotherapy (Ref: EC-
MPT/18/PHY/004), Bengaluru. One hundred healthy 
children were recruited as per the calculation. Expla-
nations were given to parents and school HOD about 
the study, and consent forms were taken. The inclu-
sion criteria were children aged between 5 to 17 years 
involved in football over 1 year or more with or with-
out flexible flat feet and with no change in the limb 
length > 2cm. The exclusion criteria are any structural 
deformities at ankle or foot, except children with flex-
ible flat feet, any neuromuscular disorders, History of 
fracture, operation and surgical implants to the lower 
limb, and children injured during the study duration. 
Table 1 shows the demographic data of the subjects re-
cruited for the study. The data in Table 1 demonstrates 
the mean SD values for age, gender, and years prac-
ticed with significant p values. 

Table 1
Demographic data of the subjects recruited for the study.

 Number Total Mean SD P value
Age in years     
<10 52 51(51%) 

9.5 ± 3.61  0.08310 – 15 46 47(47%) 
16-20 2 2(2%) 
Gender   
Boys 62 62
Girls 38 38
Years Practiced     
1-2 66 66(66%) 

2.52 ± 2.17  0.021 
2-3 15 15(15%) 
5-6 11 11(11%) 
7 & above 8 8(8%) 
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A single examiner conducted the measurement pro-
tocol for the TFA and FPI. The subjects were asked to 
wear appropriate clothing for the study. First, the TFAs 
were measured using a goniometer in a standing position. 
The subjects were made to stand with their back against 
the wall, hips and knees extended, and the knees touch-
ing each other. All measurements were rounded off to the 
nearest degree. A valgus TFA was given a positive value, 
while a varus TFA was negative. Figure 1 shows the rep-
resentative image of the tibiofemoral angle measurement 
using a handheld goniometer. The tibiofemoral angle for 
right and left knee was measured from the hip through Pa-
tella till the midpoint of the ankle. Secondly, FPI was mea-
sured in three planes. According to this, children were di-
vided into three categories: pronated feet and neutral and 
supinated feet based on their scores. Lastly, the Children’s 
Physical Activity Questionnaire (CPAQ) 7-day recall 
self-report questionnaire is designed to assess the daily ac-
tivity (in school, outside of school, on weekends) of a child. 
The values were averaged to create a composite score of 1 
(low active) to 5 (high active). Pre-test measurements were 
taken for the outcome measures for the tibiofemoral an-
gle, Children’s Physical Activity Questionnaire, and Foot 
posture index to correlate the results. After six months of 
Physical activity, post-test measurements were taken for 
the same dependent variables. 

Figure 1. Representative image showing the measurement of 
tibiofemoral angle using a handheld goniometer

Outcome Measures
Tibiofemoral angle [15], Children’s Physical Activi-

ty Questionnaire [16], Foot posture index [17] 

Statistical Analysis
Student t-test (two-tailed, independent) was used 

for intergroup analysis. Leven’s test for evaluating ho-
mogeneity of variance, Chi-square/ Fisher Exact test 
was used to find the significance of study parameters 
on a categorical scale. All analyses were made using 
the above tests with SPSS software version 20.

Result
After evaluating 100 students involved in sports 

with or without flatfeet, the obtained data was cal-
culated. The pre-test and post-test mean values for 
tibiofemoral angle, foot posture index, and CPAQ 
questionnaire is shown in Table 2. The mean and SD 
of the right and left sides pre and post-test TFA was 
6.21  ±  1.61 and 6.16 ± 1.61 (p=0.25), respectively 
(Table 3). Knee angles showed no significant differ-
ences. CPAQ assessed the physical activity, and each 
child scored between 1 in pre-test and 5 in post-test. 
During the pre-test, 23 children scored 3, and 77 chil-
dren scored 4. In the post-test, 7 children scored 3, 74 
children scored 4, and 19 children scored 5 (Table 2). 

The mean and SD of the pre-test and post-test were 
3.77 ± 0.42 and 4.12 ± 0.50 (p=0.001), respectively 
(Table 3). 

Significant differences were noted in the level of 
children’s physical activity. The foot posture was as-
sessed using the FPI where the children were classified 
as having neutral (83%), pronated (13%) and supinat-
ed feet (4%) where the pre and post-test scores showed 
mean and SD of 6.20 ± 1.61 and 6.17 ± 1.60 among 
neutral feet, 6.38 ± 1.72 among pronated feet and 
5.75 ± 0.88 and 5.50 ± 0.92 among supinated feet chil-
dren. The p-value for neutral, pronated, and supinated 
feet was 0.14, 0.16, and 0.17, respectively, which was 
not significant, indicating that knee angle remained 
the same in children with different foot structures (Ta-
ble 3). The above values were insignificant when re-
lated with p < 0.05, which accepts the null hypothesis. 

Discussion
The ultimate aim of our study was to determine the 

effect of physical activity over the knee angle in healthy 
children with or without flatfeet who were involved in 
football. This study found that children involved in 
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football had no significant difference in the knee an-
gle over six months. Throughout the study, there was 
an increase in the children’s physical activity (playing 
football) concerning the CPAQ. Our study was simi-
lar to the study by Salvador Diaz-Miguel et al. [1] on 
115 children, in which 59 were involved in soccer and 
56 who were not involved in soccer, and concluded 
that there was a decrease in the knee angle. Still, the 
values were not significant, suggesting that playing 
football can influence the lower limb development, 
but not to the extent of harming it. A cross-sectional 
study [8] on 1500 soccer and non-soccer players aged 
10-18 years proved that genu varum is high and more 

prevalent at 16-18 years of age in soccer players. In an-
other study [18], an increased intercondylar distance 
of 2.99 cm compared to tennis players where 1.31 cm 
was demonstrated. When compared to the study by 
Baruah et al. [6], it was observed that valgus angle was 
sustained at 18 years of age. However, it was marked 
in the earlier growth phase, and our study showed not 
much significance in the tibiofemoral angle following 
physical activity. 

Another study [19] on 360 children showed valgus 
angulation with a mean TFA of 1.8° in boys and 2.45° 
in girls by two to three years of age. Peak valgus was 
seen in the five- to six-year age group, from this age, 
the values gradually declined to a mean of 3.18° and 
4.43° for boys and girls, respectively, at 17 to 18 years. 
Increased valgus angles were seen in girls in all age 
groups. 

According to the findings in the knee angle, the 
boys had a tendency deviation toward genu varus 
compared to the girls football players. Colyn et al. [20] 
concluded that participation in sports (soccer) during 
adolescent years was associated with varus knee align-
ment seen in males more than in females. The FPI of 
the children involved in football found that in relation 
to the knee angle, children with neutral, flatfeet, or 
supinated feet did not influence the reduction of the 
knee angulation. Thus, it can be stated that physical 
activity (football) did not significantly impact the 
knee angle in healthy children with or without flatfeet. 

Limitations and suggestions
It was an observational study with a sample size of 

one hundred. Cut-off scores for different age groups 
were not set because of the wide age range. It was a 
short-term study (6 months) to note any significant 
changes in the knee angle of the selected football play-
ers. There was no control group taken in the present 
study. 

An interventional nature of the study would have 
been more beneficial in managing the possible angula-
tions in the knee joint and correcting the foot posture 
of the children that may hinder their physical activity, 
with a larger sample size within a specific age group 
for a longer study duration. A control group to com-
pare the influences of other factors could be incorpo-
rated. A more reliable instrument such as the accel-
erometer to measure the children’s physical activity 
could be used instead of a questionnaire. A blinded 
study would have been more partial. 

Table 2
Pre-test and post-test mean values for tibiofemoral angle, foot 
posture index, and CPAQ questionnaire.

 
Pretest 
Mean

Posttest 
Mean P value Significance

TFA (Right)     
1-3º 0 (0%) 0 (0%) 

0.16

Not Signifi-
cant

4-6º 62 62
7-10º 38 38
TFA (Left)    
1-3º 0(0%) 0(0%) 

0.164-6º 62 62
7-10º 38 38
FPI     
Neutral 83 83(83%) 

0.416 Not Signifi-
cantPronated 13 13(13%) 

Supinated 4 4(4%) 
CPAQ SCORES     
1 0(0%) 0(0%) 

0.015 Significant
2 0(0%) 0(0%) 
3 23 7
4 77 74
5 0(0%) 19

Table 3
Variables of the outcome measure and their scores.

Variables Pre-test Post-test P value
FPI    
Neutral 6.20±1.61 6.17±1.60 0.14
Pronated 6.38±1.72 6.31±1.76 0.16
Supinated 5.75±0.88 5.50±0.92 0.17
TFA 6.21 ± 1.61 6.16 ± 1.61 0.25
CPAQ 3.77 ± 0.42 4.12 ± 0.50 < 0.001**

**indicative of significance. 
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Conclusion
This study suggested that playing football had no 

significant effect on the knee angle in healthy children 
with or without flatfeet. The different variables (TFA 
and FPI) calculated in this study showed insufficient 
differences in the pre and post-test of the children in-
volved in football over six months. The CPAQ had a 
marked significance in the selected children involved 
in football. Therefore, it is concluded from the study 
that engaging in physical activity had no impact on the 
knee angle in children. 
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