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ABSTRACT

Introduction: Basketball players should have physical characteristics
which include sports-specific skills and demands. Activities including
sprinting, and jumping require abilities with speed, power, strength,
and agility. These have to be evaluated using fitness tests which
help in having a good impact on the game. Assessment of their
performance will be helpful for designing and monitoring the efficacy
of basketball athletes’ training regimes.

Aim: To assess the body composition and fitness tests specific
to cardiorespiratory fitness, upper and lower limb strength,
endurance, flexibility and agility in 20-29 years male basketball
players.

Materials and Methods: It was an observational cross-sectional

study which was conducted on 30 male basketball players in
Dr. DY Patil Medical College, Pune, Maharashtra, India from
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June 2017 to December 2017. Participants were assessed
for specific fitness tests conducted in two days. Agility, upper
extremity strength, lower extremity endurance including flexibility,
was tested on the first day, followed by body composition,
cardiorespiratory fitness, upper extremity endurance and lower
extremity strength on another day.

Results: The mean age of the male basketball players was
21.8 years. The mean Body Mass Index (BMI) was 22.53 Kg/m?.
It showed a poor (35.58+4.80) cardiorespiratory fitness using
the Beep Test. For the upper limb, there was poor flexibility
(13.01+3.45). However, the lower limb endurance (60.33+19.80)
and agility (12.08+0.66) showed excellent results.

Conclusion: The study concluded that lower extremity fitness
was better than upper extremity in male basketball players.
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INTRODUCTION

Basketball is a high intensity contact sport. The fame of basketball
has increased with an estimated 11% of the world’s population.
About 450 million individuals are currently playing across 213
countries affiliated with Fédération International de Basketball (FIBA)
[1]. As a high intensity sport, it involves the use of an anaerobic
energy system greater than aerobic [2]. This permits high bodily
demands ofvarious systems like musculoskeletal, cardiovascular,
and metabolic systems [3].

Though handgrip strength is essential for passing the ball, explosive
strength of the lower limb is needed for adjustment during
movements such as lateral shuffling, sprinting etc., [4,5]. Players
are exposed to loading and jumping forces of high intensity [5].
Studies reported high knee injuries during the game [6-8]. The odds
of ankle twists are higher than overuse damage [9]. It requires a
good physical fithess evaluation to prevent the risk of injuries before
the game [10,11].

Fitness involves different physical screening tests of variables
possible. For the upper limb, during bounce backs and strength
required for passing the ball, endurance and flexibility components
need to be evaluated [4]. For the lower limbs, swiftness and agility
are necessary along with strength and stamina [12].

As the risk of sports injury increases with a decrease in fitness
among players, it necessitates a good prescreening assessment.
This will help in better recovery of players after injury according to
their physical needs [13]. A higher prevalence of injury was reported
during training than competition [14].

Previously many studies have been done on basketball players
examining the rate of injury in different age groups and common types
of injuries. Studies also included balance testing, cardiorespiratory
assessment, and lower limb strength testing; but upper limb fitness
was hardly brought into consideration. The upper limb serves as
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the first contact point for the ball and is responsible for skillful ball
manipulation [15]. Overhead movements and fall on outstretched
hand can be seen as causal factors for upper limb injuries during
basketball [16]. A study on elite female basketball players reported
a 12% incidence of upper extremity pain and injury [17]. This study
was an effort to assess different components of fitness including
upper and lower limb strength, endurance, and flexibility along with
body composition, speed and agility, and cardiorespiratory fitness
among young male basketball players of age group (20-29 years).

MATERIALS AND METHODS

The cross-sectional observational study was conducted at Dr. D.Y.
Patil College of Physiotherapy, Pune, Maharashtra, India, from
June 2017-December 2017. Ethical clearance was obtained from
the institutional subethics committee (DYPCPT/ISEC/50/2017).
A total of 30 male basketball players aged between 20-29 years
were recruited using purposive sampling. All the players gave
informed written consent for the study.

The prevalence of injury in basketball games per player in a season
has been 3.6% [14]. With an acceptable difference of 7% and
95% confidence interval, the calculated sample size was 30, using
Winpepi software version 11.65.

Inclusion criteria: Male basketball players aged between 20-
29 years, with a minimum of five years of training experience, and
a minimum of 6 hours/week of training were included in the study.

Exclusion criteria: The subjects with any joint instability, history of
fracture in the last one month, any cardiac or respiratory condition
were excluded from the study.

Study Procedure

Demographic data was collected regarding different components
of fitness. The test was conducted in two days to provide sufficient
rest for the players. Thus, it was designed accordingly-lllinois Test,
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shoulder and wrist elevation test, sit and reach test, handgrip test,
and Squat Test were done on 1%t day; while Push-up Test, stand
broad/long jump, body composition assessment and 20-metre
Shuttle Run Test/Beep Test was done on the 2™ day.

[Table/Fig-2]: Handgrip test.

For assessing the body composition: BMI [18] was recorded
using Tanita electronic scale.

For assessing the cardiorespiratory fitness: VO, max was
calculated using a 20-metre Shuttle Run Test/Beep Test [19].
Cones, as markers, were kept at a distance of 20 m and the
subjects were asked to run between the same with the pace
maintained in relation to the beep heard. As the subject reached
the other end of the distance and heard another beep the
shuttle continued. The process was repeated until the athlete
won’t be able to maintain pace with a beep [Table/Fig-1]. For
20-29-year-old males, the Beep Test grading are- very poor
(under 33), poor (33-36.4), fair (36.5-42.4), good (42.5-46.4),
excellent (46.5-52.4), and superior (over 52.4).

Evaluation of upper extremity fithess:

Strength: It was assessed using a Handgrip Test [20]. The
subject was seated in a chair with shoulder adducted, elbow
90 degrees flexed and wrist with forearm in a neutral position.
Then the Jamar dynamometer was held in the subjects hand
and instructed to apply smooth grip force for atleast 5 seconds.
An average of 3 trials was used for measurement. For 20-
29 years, males norms of right-hand grip strength include
P10 (33.9 to 41.2), P30 (41.3 to 45), P50 (45.1 to 50.5), P70
(50.6 to 56.2), and P90 (greater than 56.3) while left-hand
grip strength norms are P10 (34 to 39.3), P30 (39.4 to 43.5),
P50 (43.6 to 47.7), P70 (47.8 to 53.6) and P90 (greater than
53.7) [Table/Fig-2].
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Endurance: It was tested using the Push-up Test [21,22].
Subjects were asked to keep hands at shoulder distance apart
and feet together (shoes on) on the floor. While keeping the
spine in neutral, subjects were asked to move a maximum
towards the floor. The number of repetitions completed was
recorded as upper extremity endurance. For 20-29 years, male
norms for push-up test grading are very poor (0-3), poor (4-9),
below average (10-16), average (17-29), above average (30-
39), good (39-47) and excellent (above 57) [Table/Fig-3].

Flexibility: In shoulder and wrist elevation test after recording
arm length from shoulder to middle of finger, the subject was
asked to lie in a prone position on the floor [23]. Then, with
the chin in contact with ground subject has to raise his hands
maximum towards the ceiling. Recording was obtained as arm
length- trial recording from floor to arm. For upper limb flexibility
norms followed are poor (greater than 12.50), fair (11.50 to
12.50), average (8.25 to 11.49), good (6 to 8.24), and excellent
(less than 6) [Table/Fig-4].

Evaluation of lower extremity fitness:

Strength: In a long jump, the subject placed both legs over the
mark, and using the arms and legs, jump horizontally as far as
possible, staying upright with feet together. The distance from
the mark to the nearest impression, made by the subject, was
measured. Normative data for standing long jump includes
grading as-0% (<1.90), 1-10% (1.90-2.04 m), 11-20% (2.05-
2.19 m), 21-30% (2.20-2.34 m), 31-40% (2.35-2.49 m), 41-
50% (2.50-2.64 m), 51-60% (2.65-2.79 m), 61-70% (2.80-
2.94 m), 71-80% (2.95-3.09 m), 81-90% (3.10-3.39 m) and
91-100% (3.40-3.75 m) [Table/Fig-5] [24,25].

Endurance: It was measured using a Squat test [26]. A good
height chair that makes a right angle at the knees while sitting
was used. Standing with feet shoulder width apart and hands
in front, the subject performed a squat and lightly touched
the chair before standing back up. The number of squats
performed was recordedand graded in males of age 20-
29 years, grading as- very poor (less than 21), poor (21-23),
below average (24-26), average (27-29), above average (30-
32), good (33-34), excellent (greater than 34) [Table/Fig-6].

Flexibility: Sit and reach test involves long sitting on the floor.
Feet (shoes off) were placed flat against the box with the
examiner holding both knees flat against the floor. The subject
leans forward slowly as far as possible and holds the greatest
stretch for two seconds. There should be no jerky movements

Journal of Clinical and Diagnostic Research. 2023 Mar, Vol-17(3): YC17-YC21



www.jcdr.net

[Table/Fig-5]: Standing broad/long jump test.
[Table/Fig-6]: Squat test. (mages from left to right)

and the fingertips remain level and the legs flat. Repeat twice
and record the best score. Norms followed for grading-need
improvement (24 cm), fair (24 to 29 cm), good (30 to 33 cm),
very good (34 to 39 cm), and excellent (40) [Table/Fig-7] [27].

[Table/Fig-7]: Sit and Reach test.

e For assessing speed and agility: The dimension of the
course was 10x5 m and the llinois Test was done [28]. Four
cones were used to mark the start, finish and the two turning
points. Another 4 cones were placed down the centre spaced
3.3 m apart. The subject started from the start line. With a
‘Go’ command, the stopwatch was started, and the subject
got up as quickly as possible and ran around the course in
the direction instructed, without knocking the cones to the
finish line, at which the timer was stopped.The faster of the two
trials was used for scoring in seconds. Norms for grading are
poor (more than 19.3 s), below average (18.2-19.3 s), average
(16.2-18.1 s), above average (15.2-16.1 s), and excellent
(less than15.2 s).

STATISTICAL ANALYSIS

Normative data were obtained for all the assessment tests using
Win Pepi software (version 11.65). Mean and SD were calculated
for each parameter.

RESULTS

The average BMI obtained for the basketball players (mean age
21.8+£1.9 years) was 22.53+3.48 kg/m?. The cardiorespiratory
fitness as recorded using the Beep Test was poor. Upper limb
handgrip strength and endurance reported were graded as P30
(80%) and average, though upper limb flexibility was poor. Lower
limb strength and endurance as reported with the jump test and
the Squat Test was recorded as 21-30% rank and excellent.
The mean for lower limb flexibility was 31.76+5.42. For the
lllinois Test (s) among the basketball players, the mean obtained
was 12.08+0.66 s which is considered to be excellent [Table/
Fig-8] [18-21,283,25-28].
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Variables Mean+SD Interpretation
Body Mass Index (BMI) kg/m? 22.53+3.48 Normal (18.5-23) [18]
VO, Max 35.58+4.80 Poor (33-36.4) [19]
Handgrip strength | Right 44.28+8.15 P30 (41.3-45.0)
(Kilograms) Left 40.15+5.76 P30 (39.4-43.5) [20]
Push ups 19.93+8.08 Average (17-29) [21]
tsef;‘;“(‘i':]jcer:)a”d wrist elevation 13.01+3.45 Poor (>12.50) [23]
Standing long jump (m) 2.24+0.24 21-30% (2.20-2.34) [25]
Sit and reach test (centimetres) 31.76+5.42 Good (30-33) [27]
Squat test 60.33+19.80 Excellent >34 [26]
lllinois test (seconds) 12.08+0.66 Excellent (<15.2) [28]

[Table/Fig-8]: Various fitness tests variables in the basketball players [18-21,23,25-28].

Mean+SD with interpretation for various fitness tests variables in male basketball players

DISCUSSION

The present study was conducted with the aim to assess the physical
fitness of male basketball players. There were 30 participants in
the study aging between 20-29 years. Male basketball players
with minimum of five years of training were included. They were
assessed on the basis of their strength, endurance, and flexibility
of their upper and lower limbs. Players were also assessed on the
basis of their cardiorespiratory fithess, body composition, speed
and agility to find their fitness levels.

One of the most important findings of this study is that the players
showed great performance in speed and agility along with lower
extremity muscle endurance and flexibility, while on the other hand,
they have poor cardiorespiratory endurance.

Studies have linked anthropometry and fitness test scores with
the team performance, rate of injuries along with player position
[29,30]. Drinkwater EJ et al., found skill along with speed and
agility as critical fithess components in basketball games [31].
Also, a study by Usgu S et al., stated that functional training can
significantly improve overall body strength, flexibility and agility and
can act as an alternative method for resistance training in basketball
players. Traditional resistance training yields only a limited change
for improving overall strength. In functional training a better force
transfer between the upper and lower extremities through a linkage
system occurs. Any addition of arm swing in vertical jump resulted in
better power generation with greater heights during the jump [32].

As basketball requires a combination of both anaerobic and aerobic
systems, it is still considered that the primary energy system used is
the anaerobic system [33]. In addition, basketball requires integrated
physical characteristics, including muscular strength, endurance,
flexibility, speed, agility, take-off power, and dexterity [31,34]. It
is a sport requiring high-intensity activities such as jumping (for
rebounds, blocks, and shots), turns, dribbles, sprinting, screens,
and low-intensity activities like walking, stopping, and jogging.
Frequent pauses in the game allow players to recover between
bouts of play/activity, thus helping to repeated high-intensity spells
of play [35].

The BMI of these individuals was within normal limits. The speed
and agility test performed (lllinois Test) showed excellent results in
male basketball players, which clearly explains the demand for this
particular skill in the sport. On the other hand, the cardiorespiratory
fitness being tested with the help of the Beep Test/20 m Shuttle Run
Test showed poor results. This indicates the poor cardiorespiratory
health of the players.

As the game requires high-intensity activites and involves
frequent stoppages, the demand for an aerobic system becomes
comparatively less than anaerobic demands. Also, the sport allows
as many substitutions as the team likes, thus the players do get a
resting period [36]. Circuit training had shown improvements with
cardiorespiratory endurance [37].
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The rate of injury to the lower extremity is extremely high in the
sport, in which the knee and ankle are the commonest sites of injury
[38]. The reason behind the injuries can be activities like twisting,
jumping, sudden turning or any external forces. Hence, to avoid
injuries the players should undergo a proper training regime under
guidance [16]. A study done by Ito E et al., on differences in injury
types among basketball players shows that knee, foot, and ankle
contribute more than 60% of injury rates in the age group of 20-
29 years. The lower extremities are the most commonly injured
area in basketball players. The playing surface (a hard, concrete/
wooden basketball court), affects body weight loading on the lower
extremity, and repetitive action of jumping, landing, dashing, cutting,
and stopping increases the incidence of ankle and knee injuries in
basketball players [8].

In this study,the basketball players showed good lower extremity
muscle endurance and flexibility, but comparatively less muscular
strength. Bird SP and Markwick WJ in a study on basketball
athletes’ musculoskeletal screening and functional testing, found a
greater physiological load of an average of 46 jumps with 105 high
intensity sprints during competitive games among players. Players
performed an average of 1000 movement pattern changes (one
every 2.0 seconds) consisting of shifting and sprints [5].

This indicates high demand for lower extremity activities that require
muscular flexibility, strength, and endurance. This not only helps in
improving the performance of the players but also helps in reducing
the chance of injury. Basketball, being a multidirectional sport,
requires the highest frequency of lateral movement, maximum
jumps and a high intensity run. This highlights the importance of
lower limb fitness training during sport specific drill and pre-training
periods [39].

Looking at the performance of the upper extremity, strength and
endurance showed average results while flexibility showed poor
results. The handgrip strength of both right and left was rated
P30 (30%), which is considered below average. Manipulation of
basketball during a game requires understanding of the upper limb
biomechanics. Contact injuries are major cause for the occurrence
of upper extremity injuries. Strengthening the muscles to withstand
high impact forces can help in reduction of injuries [40].

Apart from the upper and lower limb movements, a functional
stability around a lumbar region is also required. This includes
strength and endurance for core muscles. Mobility at the distal
extremities requires a proximal stability component for better force
generation and distribution [41].

The absence of warm-up or familiarisation before testing for handgrip
strength between test and retest measurements could be one of the
reasons for a poor result. Subjects may learn over trials a better
technique to squeeze harder. Therefore, indeed, Svensson E et al.,
suggested a familiarisation session and 3 maximal trials during main
testing [42]. Grip strength is influenced by concentration, physical
activity level, and training or biomechanical factors such as hand
size with handle size [43].

A study on junior basketball players found that upper extremity
fatigue affects the performance of players and is related to their
passing and throwing precision [4]. This indicates players should
avoid upper extremity fatigue which affects the level of performance
and therefore should include upper extremity exercises in their
training regime. Thus, it will help improve catching, holding, shooting,
and throwing the ball [5]. Also, to achieve improved training, the
specificity component should be taken into account. It guides the
demands of a specific game and targets the training regime [39].
While setting the protocol, another important aspect to consider is
that it should also include the demands of basketball player who
differs as they move from regular play to competition [44].
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Limitation(s)
A single test was used for assessment of each fitness component.

CONCLUSION(S)

The study concluded that lower extremity fithess was better
than upper extremity in basketball. Handgrip strength is essential
for throwing, passing, dribbling, and carrying the ball. Aerobic
capacity in the players was very poor and needs to be improved
as it is highly demanded by the sport. On the other hand, speed
and agility along with lower extremity endurance and flexibility
were excellent among these players, which help in the sport and
reduce the chances of the hip, knee, and ankle injury among
these players. Age and gender-specific analysis of assessment
of fitness can be done. Also, fithess assessment of the spine
component can be included.
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