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Introduction

Volleyball can be said to be a tool to
improve physical fitness, static, dynamic
health, and achievement for players.
Volleyball can also develop elements of
thinking power, ability, and feeling (Juniardi &
Redno, 2019) [1]. Volleyball is a branch of
sport that includes large ball games. This
volleyball game is played by teams of 6 people
with attacking and defensive games. In this
ball game, each team must drop the ball on the
opponent's field by passing the net and also
preventing the ball from falling on their own
field area. In volleyball there are several basic
technical movements, namely passing,
serving, smashing and blocking g (Winarno, M.
E.2013)[2]. Smash is used to kill the opponent

by hitting the ball towards the opponent's
defense to get points. When doing the smash
technique, it is necessary to do the initial
movement, jumping movement, and also the
landing movement. Of the three movements,
they must be done correctly in order to
produce the right hit. To produce the right
movement and results, techniques are needed
to master it. One of them is the right
movement, such as the angles produced by the
body parts involved. The body parts involved
when doing a smash such as the hands, feet,
and vertebrae. From these body parts, angles
can be formed that affect when doing a smash.
However, this can happen differently for each
athlete. Because the condition and body shape
of each athlete are different.
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Smash is a hard or slow ball hit as part
of an attack in the game designed to kill the
opponent and score points. A volleyball spike
is the team's main need to destroy the enemy's
defense and the dynamic part of the
movement made by a spike, jumping
maximally and trying to hit the ball into the
empty space on the net aimed at the
opponent's court. A successful spike can
disrupt the opponent's defense and even give
you the opportunity to score points with a
direct attack or trick. Therefore, the spike
must really be an offensive tactic that can kill
the enemy (Ajayati, T, 2017) [3].

Judging from each movement made
during a smash, there are certain angles that
are formed. These angles are on the feet,
hands, and also the vertebrae. The angle on
the foot that is formed is located between the
tibia and femoris bones or on the knee joint.
From the angles formed, it produces a
different angle in each position. Motion
analysis is one of the efforts to improve a skill
by evaluating a movement that is done. By
analyzing the movement during this smash
technique, it is hoped that it can help athletes
to know, understand, and also increase their
knowledge regarding angular movements
when doing a smash. And also knowing how
the angles formed in the hands (elbow joints),
feet (knee joints), and vertebrae (lumbosacral
joints) when doing a smash movement.
Because every movement produced greatly
affects the game of each volleyball player. So
analyzing angular movements in volleyball
techniques is very good to do. According to
Romadhoni & Ghassani (2023) [4], When
doing the jump phase, the elbow angle in the
arm swing formed is 87°, and the leg angle is
149°, and the back angle is 11.8°.

Range of Motion or ROM is the
maximum movement that can be done by the
joints. The range of movement (ROM) of the
elbow joint ranges from 0°-150° during
flexion, during supination it is 0°-90° during
pronation it is 0°-90°. The range of movement
(ROM) of the knee joint ranges from 0°-150°
during flexion. And the ROM of the lumbar
spine varies, depending on the specific
movement. In flexion, normal ROM ranges
from 0°-120° and in hyperextension, normal
ROM is approximately 0°-35° (Reese & Bandy,
2016)[5].

Methodology

This study wuses a quantitative
descriptive research type with an observation
method using the Dartfish application version
6.1.11102.0. Then the results obtained will be
described. This type of descriptive research is
used to explain and answer existing problems.
In this study, the movement will be analyzed
when doing a smash using the Dartfish
application version 6.1.11102.0. After taking
measurements by recording the smash
movement, then observing using the Dartfish
application version 6.1.11102.0. After that, the
results will come out showing the angles
formed when doing the smash movement.
When taking a video during a smash, the
smash will be tried 3 times for each athlete and
the best of the three trials will be taken. In this
study, the data collection technique uses an
observation method through videos that have
been entered into the Dartfish application
version 6.1.11102.0 to obtain the desired data.
While the camera is placed on the back and
right and left sides. At the stage of data analysis
using quantitative descriptive methods in the
form of comparing the results of the analysis of
the Bahana Muda club in Malang City with the
parameters in the theory based on the
principles of biomechanics of motion. After
conducting research by taking videos which
will then be analyzed using the Dartfish
application version 6.1.11102.0. Then the data
will come out in the form of the magnitude of
the angles formed on the feet, hands, vertebrae
when doing the smash movement. From these
data, it can be seen whether the magnitude of
the angle formed is in accordance with the
theory that has been previously studied.

Results

Based on the results of the analysis that
has been carried out using the Dartfish
application version 6.1.11102.0 on the leg
angle (knee joint), hand angle (elbow joint),
and vertebral angle (lumbosacral joint) can be
seen in table 1.
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Table 1. Motion Analysis Results

Sample Variable Analysis Parameter Difference
Results More Less
First Right knee joint 74,9° 149° - 74,1°
Left knee joint 46,1° 149° - 102,9°
Elbow joint 102,4° 87° 15,4° -
Lumbosacral joint 34,3° 11,8° 22,5° -
Second Right knee joint 123,5° 149° - 25,5°
Left knee joint 95,8° 149° - 53,2°
Elbow joint 104,9° 87° 17,9° -
Lumbosacral joint 17,2° 11,8° 5,4° -
Third Right knee joint 74° 149° - 75°
Left knee joint 43,4° 149° - 105,6°
Elbow joint 85,5° 87° - 1,5°
Lumbosacral joint 15° 11,8° 3,2° -
Fourth Right knee joint 88,8° 149° - 60,2°
Left knee joint 88,8° 149° - 60,2°
Elbow joint 88,8° 87° 1,8° -
Lumbosacral joint 15,4° 11,8° 3,6° -
Fifth Right knee joint 66,4° 149° - 82,6°
Left knee joint 49° 149° - 100°
Elbow joint 71,5° 87° - 15,5°
Lumbosacral joint 24,2° 11,8° 12,4° -
Sixth Right knee joint 73,1° 149° - 75,9°
Left knee joint 0° 149° - 149°
Elbow joint 114,8° 87° 27,8° -
Lumbosacral joint 31,4° 11,8° 19,6° -
Seventh Right knee joint 8,2° 149° - 140°
Left knee joint 0° 149° - 149°
Elbow joint 79,8° 87° - 7,2°
Lumbosacral joint 20,2° 11,8° 8,4° -
Eighth Right knee joint 89,1° 149° - 59,9°
Left knee joint 87,6° 149° - 61,4°
Elbow joint 82,2° 87° - 4,8°
Lumbosacral joint 22,4° 11,8° 10,6° -
Ninth Right knee joint 39° 149° - 110°
Left knee joint 39° 149° - 110°
Elbow joint 80,5° 87° - 6,5°
Lumbosacral joint 34,4° 11,8° 22,6° -
Tenth Right knee joint 23° 149° - 126°
Left knee joint 29° 149° - 120°
Elbow joint 86,3° 87° - 0,7
Lumbosacral joint 17,5° 11,8° 5,7° -
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Dicussion

Based on the results of the analysis

above, the ten samples have differences with
the parameters that have been studied
previously. This can be caused by the training
habits carried out by the athletes, because
habits during training can affect (Kurniasandi,
D.2022)[6]
Based on research that has been conducted on
male athletes of the Bahana Muda Club in
Malang City, the results of this study differ
from the research parameters conducted
previously. This difference can be due to the
training habits carried out during training
(Kurniasandi, D. 2022). And this difference
can be because each athlete has a different
playing style for each individual, so that the
resulting movements also have differences. By
analyzing the angles formed at the knee joint,
elbow joint, and lumbosacral joint in
accordance with ROM. ROM (Range of Motion)
is the maximum movement that can be done
by the joint. The angle formed at the right knee
joint has an average of 58.27° and at the left
knee joint 50.7° with the ROM of the knee joint
ranging from 0°-150° in flexion movements
(Reese & Bandy, 2016). The angle formed at
the elbow joint averages 88.79° with ROM at
the elbow joint ranging from 0°-150° during
flexion, during supination 0°-90° during
pronation 0°-90°. The angle formed at the
lumbosacral joint averages 17.89° with ROM
at the lumbosacral joint ranging from 0°-120°
during flexion and  0°-35° during
hyperextension (Reese & Bandy, 2016).

The angle formed in the first sample
vertebrate has a greater and more significant
difference than the parameters that have been
studied previously. This is because the first
sample has good vertebral flexibility. One of
the factors that influences the success of a
smash is the flexibility of the vertebrae or
vertebrate. Many things can influence the
flexibility of the vertebrate or vertebrate, one
of which is the shape of the joints, the ability
of tendons and ligaments, and age and gender.
The flexibility of the vertebrate or vertebrae is
one of the elements to support success in
doing a smash, because when doing a smash in
a floating position in the air, the body and
swing will bounce so that the ball can be
directed in the direction you want to go
(Wilastra, D., & Antoni, P. (2021)[7]. The angle

formed in the second sample vertebra has a
greater difference than the parameters that
have been studied previously. This is because
the second sample has quite good vertebral
flexibility. One of the factors that influences
the success of a smash is the flexibility of the
vertebrae or vertebrate. Many things can
affect the flexibility of the vertebrae or
vertebrate. Many things can affect the
flexibility of the vertebrae, one of which is the
shape of the joints, the ability of the tendons
and ligaments, and age and gender. Vertebral
flexibility is one of the elements to support
success in doing a smash, because when doing
a smash in a floating position in the air, the
body and swing will bounce so that the ball
can be directed in the direction you want to go
(Wilastra, D., & Antoni, P. (2021).

The angle formed on the third and
fourth sample vertebrae has a slightly larger
difference than the parameters previously
studied. The differences are not significant, so
that the third and fourth samples can be said
to be in accordance with the parameters
previously studied. The angle formed on the
fifth sample vertebra has a larger difference
than the parameters previously studied. This
is because the fifth sample has quite good
vertebral flexibility. One of the factors that
influences the success of a smash is the
flexibility of the vertebrae or vertebrate. Many
things can affect the flexibility of the
vertebrate or vertebrate. Many things can
affect the flexibility of the vertebrae, one of
which is the shape of the joints, the ability of
the tendons and ligaments, and age and
gender. Vertebral flexibility is one of the
elements to support success in doing a smash,
because when doing a smash in a position
floating in the air, it will bounce the body and
swing so that the ball can be directed in the
direction you want to go (Wilastra, D. &
Antoni, P. (2021).

The angle formed in the sixth sample vertebra
has a greater difference and looks very
significant than the parameters that have
been previously studied. This is because the
first sample has quite good vertebral
flexibility. One of the factors that influences
the success of a smash is the flexibility of the
vertebrae or vertebrate. Many things can
affect the flexibility of the vertebrae or
vertebrate. Many things can affect the
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flexibility of the vertebrae, one of which is the
shape of the joints, the ability of the tendons
and ligaments, and age and gender. The
flexibility of the vertebrate is one of the
elements to support the success of a smash,
because when doing a smash in a position
floating in the air, it will bounce the body and
swing so that the ball can be directed in the
direction you want to go. will be targeted
(Wilastra, D., & Antoni, P. (2021). The angle
formed on the seventh sample vertebra has a
slightly larger difference than the parameters
previously studied, but still looks quite
significant. It can be seen that the seventh
sample has quite good vertebral flexibility.
Many things can affect vertebral flexibility,
including joint shape, tendon and ligament
capacity, and age and gender. The angle
formed on the eighth sample vertebra has a
slightly larger difference than the parameters
previously studied, but still looks quite
significant. It can be seen that the seventh
sample has quite good vertebral flexibility.
Many things can affect vertebral flexibility,
including joint shape, tendon and ligament
capacity, and age and gender.

The angle formed on the ninth sample
vertebra has a greater and more significant
difference than the parameters previously
studied. This is because the ninth sample has
good vertebral flexibility. One of the factors
that influences the success of a smash is the
flexibility of the vertebrae or vertebrate. Many
things can affect the flexibility of the vertebrae
or vertebrate
. Many things can affect the flexibility of the
vertebrae, including the shape of the joints,
the ability of the tendons and ligaments, and
age and gender. Vertebral flexibility is one of
the elements to support success in doing a
smash, because when doing a smash in a
floating position in the air, the body will
bounce and swing so that the ball can be
directed in the direction it is going (Wilastra,
D., & Antoni, P. (2021). The angle formed on
the tenth sample vertebra has a fairly small
difference with the parameters previously
studied, but there is still a significant
difference.

The angle formed on the first sample
hand has a fairly large difference with the
parameters that have been studied previously.
The difference looks quite significant. This is

because in the first sample, the hand (elbow
joint) is more visible when bent more deeply
compared to the existing parameters. The
angle formed on the second sample hand has
a fairly large difference with the parameters
that have been studied previously. The
difference looks quite significant. This is
because in the second sample, the hand
(elbow joint) is more visible when bent more
deeply compared to the existing parameters.
The angle formed on the third sample hand
has a very small difference with the
parameters studied previously. The difference
looks insignificant, so the formation of the
hand angle in the third sample can be said to
be in accordance with the parameters that
have been studied previously. The angle
formed on the fourth sample hand has a very
small difference with the parameters studied
previously. The difference looks insignificant,
so the formation of the hand angle in the third
sample can be said to be in accordance with
the parameters that have been studied
previously. The angle formed on the fifth
sample hand has a very small difference with
the parameters that have been studied
previously. The difference is quite significant.
This is because the fifth sample is seen to have
less bending of the hand (elbow joint)
compared to the existing parameters.

The angle formed on the hand of the
sixth sample has a fairly large difference with
the parameters that have been studied
previously. The difference is quite significant.
This is because the sixth sample is seen to
have more bending of the hand (elbow joint)
compared to the existing parameters. The
angle formed on the hands of the seventh,
eighth, and ninth samples has a difference of
less than the parameters that have been
studied previously. The difference is quite
small, but still significant. This is because the
sample is only slightly less bending on the
hand (elbow joint) than the parameters that
have been studied previously. The angle
formed on the hand of the tenth sample has a
very small difference with the parameters
studied previously. The difference is not
significant, so the formation of the hand angle
in the third sample can be said to be in
accordance with the parameters that have
been studied previously. The angle formed on
the feet (knee joints) in all samples has a
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greater difference with the parameters that
have been studied previously. This is because
the legs (knee joints) can be said to be less
bent, different from the parameters that have
been studied previously. In the previous
parameters, the angle size is almost maximal
with the range of motion or ROM of the knee
joint. Only in the second sample is there a
fairly small difference with the parameters
that have been studied previously.

The angle formed on the leg (knee joint)
in all samples has a greater difference with the

parameters that have been studied
previously. This is because the leg (knee joint)
can be said to be less bent when compared to
the parameters that have been studied
previously. In the previous parameters, it has
a large angle that is almost maximal with the
range of motion or ROM of the knee joint,
which is 149°. Only in the second sample that
has a difference that is quite small with the
parameters that have been studied
previously. Because in the second sample, the
leg (knee joint) bends more or is more bent
compared to the other samples.

Picture 1. Vertebral Angle (Lumbosacral Joint)
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Picture 2. Hand Angle (Elbow Joint)
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Conclusion

Based on research and data analysis
that has been done by analyzing the angles of
the legs (knee joints), hands (elbow joints),
and also the vertebrae (lumbosacral joints)
have differences with the parameters that
have been studied previously. With the
magnitude of the angle produced being
different for each athlete. With the results of
the average analysis on the right leg angle of
66°, on the left leg angle of 47.87°, on the
hand angle of 89.67°, and on the vertebra
angle of 30.08°.
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