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ABSTRACT

Ll el s e [ AT E Brain injuries are often induced by the linear and rotational acceleration of the
head and neck. Head and neck orientation determines the type and severity of brain injury. The scant
focus has been paid to this topic in previous studies. Therefore, this study aimed to assess and analyze

Received: 26 Jul 2020 © the impact of head and neck orientation on linear and rotational acceleration in boxing.
Accepted: 10 Aug 2020 ¢ [VIETEEE In this study, a computer simulation method was utilized to investigate the impact of head and
Available Online:22Nov2021  ©  neck orientation on linear and rotational accelerations of the head during punching in boxing. A suitable

head and neck and punch model was initially simulated using the Adams software. Then, the inverse
kinematic method and Euler ZXZ angles were used to determine the orientation of the head and neck.
[T The findings revealed that the maximum linear and rotational acceleration related to the refer-
ence state (anatomical position) was 75g and 4036, respectively. The head and neck orientation did
not affect the magnitude of the linear and rotational acceleration in the sagittal plane. However, as the
angle of the head and neck orientation increased in the frontal plane, the magnitude of the linear and
rotational acceleration decreased.

Keywords: :
Concussion, Linear : In line with our findings, rotational acceleration was the sole cause of brain injury in boxing.
Acceleration, Rota- Increasing the orientation of the angle of the head and neck in the frontal plane would reduce intensity.
tional Acceleration, Therefore, by detecting biomechanical parameters associated with a head injury and influential factors
Head & Neck Orienta- :  affecting it, the severity of the damage, the pertinent risk factors, and relevant rehabilitation solutions
tion, Boxing © can be projected and predicted.
Extended Abstract such as boxing, the risk of brain injury is higher due to re-
peated blows to the head. The findings of a 16-year study
1. Introduction on injuries suffered by professional boxers pointed out
that 89.9% of injuries are in the head and neck regions,
ackground & Objectives: Brain injuries with 15.9% inducing brain injury. Significant improve-
are caused by linear and rotational acceler- ments have been made in understanding head/brain in-
ations of the head and neck area. Junge et jury parameters. Various measures and precautions have
al. stipulated that 54% of all brain injuries been taken to prevent them. However, sports-related head
occur during exercises. In collision sports, injuries are still a concern.
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In boxing competitions, the head area is exposed to re-
peated punches. Athletes are constantly moving and shift-
ing the position of their head and neck to repel blows,
they try to reduce the number of blows, escape, and evade
them, and also limit their impact on their head, body, and
other areas. Hence, the moving and shifting of the head
and neck during trauma and the mechanism of head in-
juries is an appropriate study topic that has been primar-
ily ignored scientifically and academically. Therefore, the
objective of this analytical study was to assess the impact
of head and neck orientation on biomechanical param-
eters of head injuries in boxing.

2. Methods

A computer simulation method was utilized in the pres-
ent research. First, a suitable model of the head, neck, and
punching was simulated in the Mechanical Dynamics
Incorporation’s (MSC) Automated Dynamic Analysis of
Mechanical Systems (ADAMS) software (MSC Software
Corporation, 2013 version). Next, the inverse kinematic
method and Euler ZXZ angles were used to determine the
orientation of the head and neck. Three primary axes that
define their angles concerning the reference position were
considered to obtain the head and neck orientation. We
set rotates around the Z-axis, and then using 3 around the
X-axis, and eventually ¥ around the Z-axis, respectively,
we achieved the desired orientation in space. Then, using
the model, a punch was applied to the side of the head
at angles of 0, 5, 10, and 15 degrees in the lateral and
anterior-posterior directions, and linear and rotational ac-
celerations were obtained at each angle using the injury
threshold. After that, the heads were compared.

3. Results

Angle 0 is the angle of motion in the frontal plane. In
other words, the rotation occurs around the x-axis, and the
head bends to the sides. Also, @ shows the angles of mo-
tion in the sagittal plane, and the rotation occurs around the
y-axis. The findings demonstrated that angle changes did
not affect the magnitude of linear and rotational accelera-
tions in the sagittal plane (increasing angle 0 reduced the
magnitude of linear and rotational accelerations). More-
over, linear acceleration and maximum rotational accel-
eration in the reference position (neck’s anatomical posi-
tion) were 75g and 4036 g, respectively. In other words,
when the punching hits the head at different angles, the
amount of acceleration remains constant in all directions
in the flexion-extension state of the neck. However, with
an accelerative angle when the neck is bent to the sides,
the magnitude of linear acceleration decreases by 3% and
rotational acceleration by 5%. Although these values are
very insignificant, they can probably impact the sever-
ity of the head injury. The highest increase in the sagittal
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plane occurred among the acceleration components from
155 rad/s2 to 1155 rad/s2. Even though this value is lower
than the head injury threshold, the rate of rapid increase of
this component indicates that with a slight rise in angle ¢
(more than 15 degrees), this value is likely to reach.

4. Discussion

The findings of this study indicated that rotational ac-
celeration that causes brain damage in boxing decreases
with increasing the angle of the head and neck when hit-
ting the frontal plane. Therefore, it can be stated that by
recognizing the biomechanical parameters related to head
injury and the factors affecting it, the severity of the injury
and the risk factors associated with it can be predicted,
and an appropriate strategy can be implemented for reha-
bilitation. One of the most critical messages for preventing
brain damage is to improve medical care. Early diagnosis
of concussion by a physician and immediate action after an
accident can play an important role in preventing second-
ary injuries. In addition, the use of appropriate headgears
with the ability to design important parameters and reduce
the risk of head injuries and the factors affecting them can
be significantly impactful in reducing the rate of head in-
juries. Presently, head and neck orientation during trauma
is not included in the performance evaluation of headgears.
However, according to the results of this study, it appears
that the development of such protocols is requisite for a
more thorough and accurate assessment of headgears.
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28. Abbreviated Injury Scale (AIS)
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31. Subdural Hematoma
32. Diffuse Axonal Injury (DAI)
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