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ARTICLE INFO ABSTRACT

Determinants of frontal plane knee deviations is essential in  football players because signs
of osteoarthritis increases with age  than the random population of same age .Kicking and
cutting maneuver in football causes external loading of knee joint that shows  varus-valgus
stresses and causes chances of losing   stability medially and laterally. 136 male football
players with age group between 15-30 years participated in the study.The inclusion criteria
were competitive football players playing since one year .Measurement of Intercondylar
,intermalleolartibiofemoral angle and medial and lateral hamstring strength was done. Result
showed correlation between number of years of playing football and the lateral hamstring
strength of the dominant leg, as well as medial hamstring strength of the non-dominant leg
but there was no correlations  found between the tibio-femoral angle, the medial- lateral
hamstring strength ratios of dominant or the non-dominant leg of the football players .

INTRODUCTION
Football is the most popular sport played worldwide1. In
Mangalore the youth enjoy playing as well as watching the game.
Football has a proud history of nearly 70 years in this coastal city.
Mangaloreans started playing football here in 1942 when the
game was introduced by one of the early football administrators.2

In Mangalore the participation in football starts as early as
primary school years.3 In football, kicking is an essential,
common, and a defining action. Two main types of kicks are seen
– instep kick and sidefoot kick; in which five phases have been
identified: (1) preparation, (2) backswing, (3) limb cocking, (4)
acceleration, and (5) follow-through. Besides kicking, running,
side-stepping, cross-cutting, passing and tackling are other innate
parts of football.5 During running and cutting maneuvers, external
loading of knee joint shows that varus-valgus stresses on the joint
are drastically increased.6,20 To control these varus and valgus
stresses sustained during football participation the active restraints
around the knee are important. The dynamic stability provided by
medial hamstring, Sartorius, Gracilis medially and biceps femoris
along with popliteus laterally are impotant.12, 13

Weakness of the lateral hamstrings or tensor fascia-lata causes a
tendency toward loss of lateral stability of the knee, allowing a
thrust in the direction of a bowleg position in weight bearing.
Weakness of the medial hamstrings decreases the medial stability
of the knee joint and permits a knock-knee position, with a
tendency toward lateral rotation of the leg on the femur14. The
muscle activation as seen in EMG studies on football players
shows Greater activation of hamstring is seen in the kicking limb
during the  preparation phase of instep kick and the follow-
through phase of sidefoot kick. Its activity is also seen during back
swing and the acceleration phases of both the kicks in the

supporting limb.4 Clinically and through studies the association of
genu varum and football has been well documented7,10,17.It was
found that there is 67.7% of genu varum in football players
between 14 to 17 years of age as compared to 30.1% seen in non
football playing children. In comparison the prevalence of valgus
was found to be 27.5% in football players as compared to 52.1%
seen in children not playing football17. In children the normal
development of tibio-femoral angle from birth onwards shows a
physiological varus till 2 years of age. A progressive increase in
knee valgus occurs thereafter, with the peak knee valgus
averaging almost 8° at around 6 years of age. Further, the valgus
at the knee decreases and, after the age of 10 years, stabilizes to
around 4–5° in most Indian children. Thus the presence of genu
varum after 2 years of age is considered abnormal.9 Genu varum
and valgum are measured clinically by using the intermalleolar
and intercondylar distances which are reliable and valid
methods.10 Determination of frontal plane knee deviations in
football players is essential because it is found that radiological
signs of osteoarthritis in football players increases with age in a
much greater percentage than in a random population

MATERIALS AND METHODS
The study was approved by ethics committee of KMC Mangalore.
Study was conducted at stadiums and grounds in and around
Mangalore. 136 Football players between age 15-30 years
participated in study.The inclusion criteria was the subject must
be a football player,malegender,between age 15 to 30 years,
competitive player playing since minimum of one year. Exclusion
criteria were those with skeletal or extra-skeletal disorders that
might have affected the alignment of the lower extremity like
orthopaedic disorders such as skeletal dysplasias and gross foot
deformities, Metabolic diseases influencing the musculoskeletal
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system, Recent trauma or surgery to lower limbs, Spinal
deformities or problems, Connective tissuedisorders,
Hypermobility.The purpose of the study was explained to the
authorities, coaches and participants following which a written
informed consent from the willing subjects and assent from
coaches or parents of minor subjects was obtained.Demographic
data of the participants was collected. Inter malleolar and inter
condylar distance was measured using inch tape the subjects was
asked to stand erect in an anatomical position, barefeet wearing
shorts. Points were marked with a water soluble marker on the
medial malleoli and the medial condyles of both the limbs. The
intermalleolar and intercondylar distance was measured with a
measuring tape.15Tibio-Femoral anglewas measured using
goniometer.The subjects was asked to stand erect in an anatomical
position. The anterior superior iliac spines, the center of patella
and the mid-point of the ankle joint of both the extremities were
marked with a water soluble marker. The tibiofemoral axis was
marked by joining these points and the medial angle was
measured with a goniometer for both the lower limbs.21Medial
and lateral Hamstring muscle strength was measured using push
pull dynamometer .The subjects were positioned in prone on a
plinth. The knee of the leg to be tested was flexed to 600. The
medial hamstring strength was assessed first, the thigh was
medially rotated and the leg medially rotated on the thigh.
Followed by lateral hamstring strength, the thigh was in lateral
rotation and the leg laterally rotated on the thigh.14Once the
participants  were positioned, the force pad of a hand held
dynamometer was placed 2cm above the lateral malleoli on the
posterior aspect of the leg.19 The subjects were instructed to
perform an isometric make test  done with maintaining 2 second
contraction. They were then instructed to maintain the maximal
effort for 5 additional seconds. The subjects were then allowed to
perform four practice contractions of both the hamstring muscles
against the hand held dynamometer.19 A rest period of five
minutes was given after the practice session to avoid fatigue. The
subjects then performed the actual test three times with rest in
between the contractions.19 Maximal effort out of the three trials
was considered. Both extreme ties were assessed

RESULTS
A total of 136 football players  participated.Mean age of total
participants were 21.69 ± 3.69.Maximum participants were
between 15-30 years. The mean and standard deviations of the
outcome measures used in the study are given in table 2.

The medial tibio-femoral angle was measured. 1800 was
considered as 0. Measurements above and below 180 were taken
as positive and negative respectively. The mean and standard
deviation of these values were found out.strength of medial
hamstrings of both dominant(35.63± 6.54)and non-dominant
legs(34.20±5.86) in footballers is stronger than the strength of
lateral hamstrings and  the strength ratios were almost similar in
both dominant and non-dominant legs (dominant 1.22 and non-
dominant 1.19) . Table 3 shows significant positive correlation
between the numbers of years of playing to the strength of the
lateral hamstring of the dominant leg (r=0.21 and p=0.01)and a
positive trend towards the strength of the medial hamstring

(r=0.15and p=0.07)of the non-dominant leg. The years of
experience of the football players ranged from 2 to 16 years with
majority of them playing football for 3 to 9 years.

The intermalleolar distance of the footballers was found to have a
range of 0 to 5cm, with the maximum number of players having
IM distance of 0.5 to 3cm .No correlations were found between
the tibio-femoral angle, the medial- lateral hamstring strengths
ratios of the dominant or the non-dominant leg of the football
players

DISCUSSION
To the best of our knowledge this is the first study of its kind done
in India. The objective of our study was to find whether there is
prevalence of frontal plane knee deviations in football players of
Mangalore and also if there is any association of these with
medial-lateral hamstring strength. The results showed the
prevalance of genu varum to be 74% as compared to 10% of genu
valgum and 16% of neutral knees in football players. However we
could not find any significant correlation between genu varum-
valgum and medial-lateral hamstring strengths. The normal knee
deviation after the age of 10 years is considered to be a slight
valgus angulation of 5-60 with anything above or below that
considered to be abnormal. A study done in Indian population
reported 5 degrees of valgus at 10 years of age, an ICD of 0 cm at
2 years of age and an IMD of 1 cm at the age of 9 years to be
normal. As compared to these values our study showed a mean
ICD of 3.75 cm in football players which corresponds to a
significant varus deviation. The results of our study are in
accordance with previous studies done in other countries which
show a varus predisposition in their football players. However
none of these studies had correlated hamstring strength with knee
deviations.

Table 1 Prevalence of knee deviation
Frequency Percentage

Neutral alignment 22 16
Genu varum 100 74
Genu valgum 14 10

136 100

Table 2 Mean values of BMI, Hamstring strength and
knee deviations

Mean ± Std
BMI 22.02 ± 3.12
Inter-malleolar distance 1.55 ± 1.40
Inter-condylar distance 3.75 ±  2.20
Tibio-Femoral angle- dominant leg 4.05 ± 2.88
Tibio-Femoral angle- non dominant leg 4.45 ± 2.93
Medial hamstring strength- dominant leg 35.63 ± 6.54
Medial hamstring strength- non dominant leg 34.20 ± 5.86
Lateral hamstring strength- dominant leg 29.99 ± 6.97
Lateral hamstring strength- non dominant leg 29.68 ± 7.19
M-L hamstring strength ratio- dominant leg 1.22 ± 0.24
M-L hamstring strength ratio- non dominant
leg

1.19 ± 0.24

Graph 1 Scatter graphs showing correlation between number of years of
playing football with frontal plane knee deviations
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The association between varus deviation and soccer players can
have different explanations. A previous study suggested that the
demands of intensive practice of the game on the growing
skeleton might lead to varus deviation.8 A theory considering the
normal anatomy of the knee joint is that the medial femoral
condyle is longer and larger than the lateral and thus has a
relatively larger role in weight bearing and transmission of forces
as compared to the lateral condyle. The effect of large forces
generated across the joint in soccer, in a growing skeleton may
cause an increased compression in the medial compartment as
compared to the lateral, thus predisposing the player to a varus
deviation. Another hypothesis is that the knee varus may have
certain advantages for performance in soccer, thus resulting in a
natural selection of individuals with a genetic predisposition to
varus.23 The present work also tried to find if the number of years
of playing football influenced the amount of frontal plane knee
deviations. The football players in our study had experience of
playing football in the range of 2 to 16 years with the majority of
them playing the game for 3 to 9 years. The results of this study
found no correlation between the experience of football players
and the presence of genu varum or valgum.

Biomechanically the varus and valgus forces around the knee joint
are checked by the passive and active restraints. The medial and
lateral collateral ligaments with anterior and posterior cruciate
ligaments are the passive structures responsible for resisting
valgus and varus stresses respectively. However these structures
are more important with the knee in extension and initial degrees
of flexion. As the knee flexion and the amount of stress increases
the dyanamic stability provided by medial hamstring along with
Sartorius and gracilis medially and biceps femoris along with
popliteus laterally becomes important.12 The Weakness of the
lateral hamstrings or tensor fascialata causes a tendency toward
loss of lateral stability of the knee, allowing a thrust in a genu
varum position in weight bearing whereas weakness of the medial
hamstrings decreases the medial stability of the knee joint and
permits a genu valgus position.14 Themechanostat theory
postulated that developmental changes in bone are secondary to
loads imposed by muscle forces. One of the postulated
mechanical forces at play may be an unopposed compression
force applied to the proximal tibia by repeated contraction of the
pesanserinus (semitendinosus, sartorius and gracilis) and
semimembranosus muscles.24, 25

Thus muscles play an important role in creating and controlling
the varus and valgus stresses at the knee. In view of this literature,
our study also tried to find out if there is any association between
knee deviations and medial-lateral hamstring strength. Our study
results show that the strength of medial hamstrings of both
dominant and non-dominant legs in footballers is stronger than the
strength of lateral hamstrings. However the strength ratios were
almost similar in both dominant and non-dominant legs (dominant
1.22 and non-dominant 1.19). Also there was a significant positive
correlation between the numbers of years of playing to the
strength of the lateral hamstring of the dominant leg and a positive
trend towards the strength of the medial hamstring of the non-
dominant leg. From our study, however we were not able to
establish a significant correlation between medial-lateral
hamstring strength and frontal plane knee deviations. The
possible reasons behind this lack of correlation could be the
influence and action of other muscles crossing the knee. Previous
studies have shown the importance of hip abductor and adductor
muscles in football. Masuda k et al examined the kick
performance in soccer players and found that eccentric hip
strength is important for fundamental skills in soccer, such as
kicking, accelerating and sudden changes of direction. Soccer
relevant, diagonal kicking approach angles were shown to
increase the demands on the hip adductors of the kicking leg, and
hip abductors of the supporting leg.27 The kicking action in soccer
as analysed in previous studies by 2D and 3D video analysis
shows the activation of hamstrings, gluteus medius, gluteus
maximus, adductors, iliacus, vastusmedialis and lateralis in
different phases of instep and side-foot kicks.4 Thus the control of
varus-valgus stresses at the knee joints may be multifactorial as
opposed to only the action of hamstrings.

CONCLUSION
Thus the results of this study show the prevalence of genu varum
in football players, with no correlation between frontal plane knee
deviations, hamstring strength and years of experience.
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