Zac Ashburner, 2407497
Bsc Sport and Exercise
Kinesiology BMSS4011
I confirm that I have not used any AI tools in the research and creation of this assignment. I confirm that I have not used any AI-generated materials as my own work. I confirm I have copies of my drafts, notes, and other resources I used, which I may be asked to provide in evidence.

























Biomechanical Analysis of a Pull-Up
Introduction
Pull-ups are a fundamental upper-body exercise widely used to assess and develop muscular strength, especially in the back, shoulders, and arms. From a biomechanical perspective, this movement involves complex coordination of the shoulder and elbow joints across multiple phases. It requires significant engagement of upper limb muscles and core stabilisers to lift and control the body through the full range of motion. This assignment provides a detailed analysis of the pull-up movement, including action phases, joint and muscle actions, types of muscle contractions, ranges of movement, motion planes, axes of rotation, and angular displacement, velocity, and acceleration. The analysis is based on elbow and shoulder angle data collected during the second and final repetitions of the pull-up, measured at 0.3-second intervals. This biomechanical approach enhances understanding of muscle function, joint motion, and neuromuscular control in this complex, multi-joint movement.
Pull-ups are often used in physical assessments such as military fitness tests and sports performance evaluations, making them an essential exercise for many athletes and fitness enthusiasts. The popularity of pull-ups arises from their effectiveness in building upper-body strength while requiring the lifter to move their own body weight. This form of resistance training engages both prime movers and stabilizing muscles, resulting in a comprehensive upper-body workout. As such, understanding the mechanics behind pull-ups is essential for both training purposes and injury prevention. This assignment provides a detailed biomechanical analysis of the pull-up, including its action phases, muscle coordination, range of motion (ROM), and kinematic variables such as velocity and acceleration.

Sporting Action Selection and Methodology
The pull-up was selected for this kinesiological evaluation due to its high relevance in both strength training and performance assessment. The exercise involves complex, multi-joint movement patterns that require a combination of strength, control, and stability. To accurately measure the biomechanics of this exercise, video footage of the pull-up was recorded using the Dartfish software application. This software enables precise measurement and visualization of joint angles over time. By tracking the angular displacement of the shoulder and elbow joints, the software provided a detailed quantitative assessment of joint movements, including angular velocity and acceleration.
The methodology of this analysis focused on two specific repetitions of the pull-up: the second and final repetitions. These were selected because they would likely show changes in performance due to factors such as fatigue, muscle recruitment patterns, and biomechanical efficiency. Data was collected at 0.3-second intervals, allowing for precise analysis of movement during the concentric, transition, and eccentric phases of the pull-up. This approach also enabled the identification of any irregularities, inefficiencies, or asymmetries in the joint motions, offering valuable insights into the mechanics of the movement.

Action Phases of a Pull-Up
A pull-up can be divided into four primary action phases:
	Phase
	Time Interval (s)
	Description

	Start/Rest
	0.0
	Hanging position; shoulders and elbows fully extended

	Concentric (Up)
	0.0 – ~1.2
	Body pulled upward; shoulder extension and elbow flexion

	Transition (Top)
	~1.2 – 1.5
	Peak of pull-up; minimal angular change

	Eccentric (Down)
	1.5 – 3.0
	Body lowered under control; elbow and shoulder extension



A pull-up is typically divided into four primary action phases: start/rest, concentric (up), transition (top), and eccentric (down). Each of these phases requires different types of muscle contractions and joint movements.

1. Start/Rest Phase (0.0 seconds)
In the start or rest phase, the individual is in a hanging position with the shoulders and elbows fully extended. The body is held stationary, and the muscles are at rest, with only minimal active tension being generated by the forearm flexors to maintain the grip on the bar. This phase is crucial for preparing the body for the movement, as it ensures that the muscles are in a neutral position before any active muscle contractions begin.

2. Concentric (Up) Phase (0.0 – ~1.2 seconds)
The concentric phase is characterized by the upward movement of the body. During this phase, the body is lifted towards the bar by the action of shoulder extension and elbow flexion. The major muscles involved in this phase include the latissimus dorsi, posterior deltoid, teres major, and the biceps brachii. These muscles contract concentrically to overcome gravity and move the body upward. The angular velocity during this phase increases as the body accelerates upward, with the most significant force production occurring near the beginning of the movement. The speed of movement is largely dependent on the individual’s strength and the efficiency of their movement patterns.


3. Transition (Top) Phase (~1.2 – 1.5 seconds)
The transition phase is the brief period when the body reaches its peak position, with minimal angular change in the joints. During this phase, the body momentarily stabilizes at the top of the pull-up. The muscles involved maintain isometric contractions, providing stabilization to the shoulder and elbow joints. The core and stabilizing muscles, including the trapezius and rhomboids, play a crucial role in keeping the scapula stabilized and preventing any unnecessary swinging. This phase is short but vital for the effective transition to the descent phase.

4. Eccentric (Down) Phase (1.5 – 3.0 seconds)
In the eccentric phase, the body is lowered back to the starting position. This phase involves controlled extension of both the elbow and shoulder joints. The muscles responsible for this action, such as the biceps brachii and the latissimus dorsi, lengthen under tension to decelerate the body’s descent. This phase is often more taxing than the concentric phase, as the muscles are actively resisting gravity and controlling the descent. The eccentric contraction also plays a role in muscle hypertrophy and injury prevention, as it helps to build strength and improve joint stability. The controlled lowering of the body ensures that the muscles are not overstretched or injured, and it also helps to maintain the integrity of the shoulder and elbow joints.
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Joint and Muscle Actions
Different muscle groups coordinate to move the shoulder and elbow joints during the pull-up. The table below summarises joint actions and primary muscles involved during each phase:
	Joint
	Phase
	Action
	Primary Muscles

	Elbow
	Concentric (Up)
	Flexion
	Biceps brachii, brachialis, brachioradialis

	
	Eccentric (Down)
	Controlled extension
	Biceps brachii (eccentric control)

	Shoulder
	Concentric (Up)
	Extension
	Latissimus dorsi, posterior deltoid, teres major

	
	Eccentric (Down)
	Controlled flexion
	Same muscles (eccentric contraction)



Stabilising muscles also contribute to maintaining proper posture. The trapezius and rhomboids stabilize the scapula, while core muscles (rectus abdominis, obliques, erector spinae) ensure trunk stability and prevent unwanted swinging. Additionally, forearm flexors and extensors are vital for grip strength, transmitting load through the kinetic chain.

Types of Muscle Contractions
The movement involves various contraction types:
	Phase
	Elbow
	Shoulder

	Concentric (Up)
	Concentric flexion
	Concentric extension

	Transition (Top)
	Isometric
	Isometric

	Eccentric (Down)
	Eccentric extension (control)
	Eccentric flexion (control)



Concentric contractions produce movement during the upward phase, building strength. Eccentric contractions dominate during descent, enhancing control and resistance to injury. Isometric holds occur briefly at the top, contributing to stabilisation and muscular endurance.
Range of Motion (ROM)
The following data summarises joint angles and ROM during the second and final repetitions:
	Joint
	Minimum Angle (°)
	Maximum Angle (°)
	ROM (°)

	Elbow (2nd Rep Avg)
	37
	166
	129

	Elbow (Final Rep Avg)
	45
	160
	115

	Shoulder (2nd Rep Avg)
	81
	179
	98

	Shoulder (Final Rep Avg)
	81
	179
	98



The elbow exhibits a larger ROM in the second repetition, while the shoulder ROM remains consistent, suggesting fatigue or effort variation in the final rep. These data are useful for designing training progressions and correcting technique.

Planes of Motion and Axes of Rotation
Understanding anatomical planes and axes is fundamental:
	Joint
	Plane of Motion
	Axis of Rotation

	Elbow
	Sagittal
	Frontal (mediolateral)

	Shoulder
	Sagittal
	Frontal (mediolateral)



Movements primarily occur in the sagittal plane, facilitating flexion and extension. The axes of rotation are mediolateral, enabling these angular motions. [image: A person standing in front of a mirror

AI-generated content may be incorrect.]

Kinematic Analysis: Angular Displacement, Velocity, and Acceleration
An example of angular kinematics from the right elbow during the final repetition is shown in the table below.
	Time (s)
	Angle (°)
	Angular Velocity (°/s)
	Angular Acceleration (°/s²)

	0.0
	158.8
	—
	—

	0.3
	153.2
	-18.7
	—

	0.6
	135.3
	-59.7
	-136.7

	0.9
	105.8
	-98.3
	-128.7

	1.2
	96.9
	-29.7
	+228.7

	1.5
	66.3
	-102.0
	-242.0

	1.8
	44.7
	-72.0
	+100.0

	2.1
	44.6
	-0.3
	+239.0

	2.4
	73.9
	+97.7
	+326.7

	2.7
	135.4
	+204.3
	+356.7

	3.0
	159.1
	+79.0
	-418.7



Angular velocity was calculated as the change in angle over 0.3s intervals, while angular acceleration was derived from changes in angular velocity. Peaks in velocity occur mid-movement phases, with acceleration spikes during phase transitions.
Figures
Graphical representations, such as line graphs of joint angles, velocity, and acceleration, provide visual insights into movement patterns. These figures help identify irregularities, inefficiencies, or asymmetries in joint motion, informing technique improvements.
Conclusion
The pull-up is a complex, multi-joint exercise performed primarily in the sagittal plane, involving coordinated concentric, eccentric, and isometric muscle actions. Biomechanical analysis reveals distinct action phases, joint ranges of motion, and kinematic patterns. Using Dartfish for motion analysis enables precise quantification of joint angles, velocities, and accelerations, offering valuable insights into movement efficiency and muscular demands.
During the concentric phase, elbow flexors and shoulder extensors shorten to lift the body, generating high angular velocities. Conversely, during descent, the same muscles act eccentrically to decelerate and control the movement. Notably, angular acceleration peaks during phase transitions, highlighting the importance of muscular control and timing. The brief isometric hold at the top stabilizes the joints and prepares for descent.
Comparative data from the second and final repetitions indicate slight reductions in elbow ROM and angular velocities in the final rep, likely due to fatigue. Shoulder ROM remains stable, emphasizing its role in maintaining movement consistency. These findings underscore the importance of monitoring fatigue and maintaining proper technique to prevent overuse injuries, especially in training scenarios involving multiple repetitions.
Biomechanical insights into sagittal plane mechanics facilitate movement optimization, enhancing force production and joint safety. Training strategies should incorporate not only concentric strength exercises but also eccentric loading and stabilization work to improve control and injury resistance. Employing motion analysis tools like Dartfish can aid in technical correction, performance enhancement, and injury prevention.
In summary, this analysis demonstrates how detailed biomechanical evaluation informs technique refinement, supports injury prevention, and promotes athletic development through structured, data-driven approaches.
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