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Biomechanical Report: Barbell Front Squat Analysis.

Introduction.
This report aims to investigate the biomechanics of the traditional barbell front squat; specifically analysing its application to sport, movement efficiency, and injury risk. 
Application for Sport.
Foundational compound movements are often programmed in competitive sporting environments (Comfort, McMahon, and Suchomel, 2018). This is often due to the movement’s profile, which requires multiple joint and muscle actions, the capacity to increase maximal load on bilateral movements, and its relative risk-to-reward ratio of injury (Suchomel, Nimphius, and Stone, 2016, American College of Sports Medicine, 2009). The barbell front squat is no exception to this description. The application of the movement is performed across a multitude of high-level competitive sports such scrummaging in Rugby (Quarrie and Wilson, 2000), acceleration and sprint development (Comfort, Bullock, and Pearson, 2012). This is attributable to the anterior bar position, which alters joint moments and distributes mechanical demand across the knee and hip (Gullett et al., 2009). The inclusion of anterior loading provides strength and conditioning practitioners an alternative variant to target lower body musculature demands with different trunk and knee mechanics compared to the back squat (Yavuz et al., 2015). 
Biomechanical principles of the front squat.
Front Squat Kinematics.
To perform the barbell front squat, the barbell must be stationed anteriorly on the deltoids. To keep the load from toppling forward and maintain sagittal plane equilibrium, the centre of mass must be positioned over the mid foot (Jenkins, 2008). This involves an upright torso position compared to the back squat variant (Gullett et al., 2009). 
When performing the front squat, more dorsiflexion at the ankle is required at the ankle; this is because of greater anterior tibial translation, primarily because of adopting an upright torso (Dill et al., 2014). 
The knee during motion is tracking further over the toe line, increasing the amount of knee flexion and extension required for a completion of a repetition (Gullett et al., 2009). This will place more demand on the quadriceps as a result (Stockbrugger and Haennel, 2003).
The trunk remains in a neutral position throughout the entirety, with the abdominal musculature generating opposing torque to maintain spinal alignment (Gullett et al., 2009). Furthermore, the front squat requires a neutral lumbar spine, thereby increasing demand for greater thoracic extension (Bartlett, 2007).
Front Squat Kinetics
The movement is anteriorly loaded, which increases the length of the moment's arm at the knee joint. This will increase the mechanical tension experienced by the quadriceps, heavily biasing the muscle group in completion of the movement (Maniar et al., 2022). This will impact how much demand is placed on the glutes and hamstrings. Both muscle groups will be used, but not as significantly as if the movement were posteriorly loaded (Yavuz et al., 2015). To resist the load from rounding the spine, and stop the weight from toppling, the core is a significant synergist in stopping the spine from excessive flexion (Oliva-Lozano and Muyor, 2020). 
Newtons Law in relation to the front squat.
Mechanical demands during the execution of the front squat be further interpreted through the application of the Newtons’ three laws of motion. 
1st Law – Inertia and Postural Control.
Newtons First Law; The body will remain at rest or in motion acted upon by an external force (Bartlett, 2007). The front squat and gravity create a downward force on the barbell. The load is positioned anteriorly; more external trunk flexion is required, demanding more sufficient torque to maintain the center of mass over the mid-line of the foot and prevent technique breakdown. 
2nd Law - Force, Mass, Acceleration.
Newtons Second Law; the force requirements to overcome the mass of the barbell during the concentric phase of the front squat (Bartlett, 2007). Once the transition between the eccentric to concentric phases elapses, acceleration must be produced to overcome the downward velocity. Increased loads or faster concentric actions increase the mechanical demand of extension from both the knee and hip. 
3rd Law – Ground reaction forces.
Newtons Third Law; The force is applied downward towards the floor during the concentric phase, equally compensating for opposite ground reaction forces are required (Bartlett, 2007). Reaction force is then applied through the inferior portion of the body. This enables extension of the ankle, knee, and hip joints. This is dependent on the positioning of the subject, as stability allows for greater force output.








Methods

Data Collection.

Data collection was achieved by video analysis, in the sagittal and frontal plane. The barbell, Hip (greater trochanter), Knee (lateral condyle), and Ankle (lateral malleolus) were marked in filming to analyse specific angles every 0.5s of each joint angle from 30fps (frames per second) footage. Observational analysis was conducted during the completion of the barbell front squat. The software used for video recording was Dartfish (Version 10.16.10611) on Apple iPhone 14. 

Participants.

The subject used for analysis was a recreational weightlifter with experience in performing the barbell front squat. The subject was 177 centre meters (cm) in height and weighed 80 kilograms (kg). The subject completed an informed consent prior to the involvement of the analysis. All participants were anonymized from footage and images in completion of this analysis.

Movement tasks.

The subject was asked to perform 5 repetitions of the barbell front squat for technique analysis using approximately 50% of the subjects recorded 1 repetition maximum (1RM). The subject could use ergogenic aids like weightlifting shoes to help perform the movement. Prior to performing the front squat, the subject performed a ramp warm-up. The technique used was assessed using the most up-to-date guidelines in performing the movement (Haff and Triplett, 2016). Barbell's position was directly on top of the clavicle region, while the arms were folded across the secure and held the position throughout the repetitions. The subject's stance was determined to be hip width, with the angle of foot placement left uncontrolled. 

Limitations in data collection.

There were limitations during the collection and analysis of the data. For example, the results were not analysed in three dimensions (3D) which leaves gaps in the results for further investigation. The sample size of this analysis was only one subject. This effects analysis of individual variables such as range of motion (ROM) and anthropometrics would affect the technique at which the exercise was performed. No data on kinetics was gathered such as ground reaction forces or mechanical demand. 




Results

Data was collected after the analysis of the subject’s performance in completing five repetitions of the barbell front squat performed with 50% 1RM. Kinematic variables were analysed in the sagittal and frontal plane using Dartfish software. Mean joint angles were calculated using 0.5s intervals

Hip Analysis

Hip angle decreased from an initial 177.9° at 0s to 45.5° at 3.5s, indicating progressive hip flexion during the eccentric phase. Following peak hip flexion, hip extension occurs during the concentric phase, with the angle returning toward 170° by 6s. 

   Figure 1 – Hip Angle Analysis (A) & Hip Angle Plotted Against Time (B).
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Knee Analysis

Knee angle decreased from 157.4° to 0s to 56.9° at 4s, highlighting peak knee flexion near the transition between eccentric and concentric phases. Extension takes place at the knee to return an of 155° at completion.

Figure 1.1 – Knee Angle Analysis (A) & Knee Angle Plotted Against Time (B).
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Ankle Analysis

Ankle angle decreased from 98.5° at 0s to 70.1° at 4s, demonstrating increasing dorsiflexion during the eccentric phase. After exiting the bottom, the ankle progressively returns toward plantarflexion, reaching 98.2° at 6s.

Figure 1.2 – Ankle Angle Analysis (A) & Ankle Angle Plotted Against Time (B).
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Barbell Path Analysis

During the eccentric phase, the barbell path demonstrated anterior displacement relative to its initial starting position. During the concentric phase, the barbell did not retrace the same trajectory, instead following an altered vertical path. 

Figure 1.3 – Barbell Path Analysis: Eccentric Phase (A) & Concentric Phase (B)
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Symmetry (Frontal view)

Frontal plane shows symmetrical hip abduction, stance width at maximal flexion approximately 3.5s. Clear hip abduction is present mitigating any knee valgus.

Figure 1.4 – Frontal Analysis.

[image: ]

Transition Between Phases

The eccentric phase occurred between 0-0-3.5s at the hip and 0.4s at the knee and ankle. Peak flexion occurred between 3.5-4s, highlighting the transition phase of the movement. The concentric phase occurred from 4-6s, highlighted by rapid increases in joint angles.


Table 1– Joint angles (°) at 0.5s intervals during one repetition of the barbell front squat (50% 1RM)

	Time (s)
	Hip Angle °
	Knee Angle °
	Ankle Angle °

	0s
	177.9
	157.4
	98.5

	0.5s
	148
	154.5
	92.1

	1s
	132.5
	122.9
	83.6

	1.5s
	115.1
	113.3
	77.6

	2s
	91.1
	99.6
	73.1

	2.5s
	74.1
	88.4
	71.4

	3s
	57.7
	76.9
	70.7

	3.5s
	45.5
	64
	70.3

	4s
	51.7
	56.9
	70.1

	4.5s
	103.3
	56
	71.6

	5s
	137.9
	65.7
	73.8

	5.5s
	157.6
	103.8
	90.9

	6s
	170
	155
	98.2



Joint Sequencing

Peak hip flexion occurred at 3.5s. Peak knee and ankle flexion occurred at 4s. Highlighting 0.5s difference between peak flexions. Indicating a slight lag between joint actions. 

Figure 1.5 – Hip, Knee, and Ankle Angles Plotted Against Time. 
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Discussion

The aim of this analysis was to examine and analyse joint kinematics and kinetics of the barbell front squat. Furthermore, identify key moments across the completion of a full repetition like compensation, technique breakdown, or asymmetries. Results collected highlighted a clear eccentric phase between 0-3.5s at the hip and 0-4s at the knee and ankle. This was then followed by a transitional phase between 3.5-4s, a concentric phase from 4-6s.

Peak hip flexion (45.5°) at 3.5s, followed by peak knee flexion (56.9°) and ankle flexion (70.1°) at 4s. This shows that there is a delay in the time taken to reach full flexion at the knee and hip in comparison to the ankle. Such coordination in the multi-joint compound movement takes symmetry and timing. Highlighting potential compensation, requiring the hip and spine to increase flexion. That was correlated in Sarvestan and Fakhraei Rad (2025) reviewing joint sequencing in landing mechanics, where increased joint variability has been associated with increased injury risk. Although the movements are different, both involve an eccentric phase under high mechanical demand, especially at longer muscle lengths, suggesting that coordinated timing is important for decreasing the risk of injury and improving force efficiency.

The transitional phase between 3.5-4s highlights the moment of maximal joint flexion and is has the has highest mechanical demand due to the quadriceps being under load at their longest muscle length. During this point, the moment arm of the hip and knee are increased, requiring greater torque from the muscle to reverse the direction of the movement. Comparatively Kruse et al (2021) suggested that mechanical demand at greater muscle lengths is beneficial for significant facial length and regional hypertrophy but highlights the impacts on muscle tendon health. Indicating more research needs to be concluded, to examine full effects of high-mechanical demand on tendon and connective tissue, especially if compensation is present. 

The concentric phase, which was between 4-6s, showed progressive extension occurring across the hip, knee, and ankle. Hip extension was shown to initiate first prior to the knee and ankle extending. This indicates the primary role of the hip extensors was contributing more force to the ascent. This is important as the front squat is heavily reliant on the torso position maintaining an upright posture. This is reiterated by Patterson et al (2022), indicating that the hip extensors are significant to generating force in the concentric phase. However, the author does imply that this is not always the case, as stronger individuals tend to use the hip extensors and the lumbar spine to perform the squat. 

From a performance perspective, having ample coordination and timing at peak joint flexion may contribute to more efficient force production through the kinetic chain due to less energy leakage from overcompensation. On the other hand, delay between hip and knee peak flexion may increase the risk of injury, as the knee is overcompensating and is under increased demand. The demand increases as the knee is flexed under increased load for a prolonged time. No kinetic data was collected; however, the analysed kinematic sequencing suggests an adequate technique across each repetition performed. Furthermore, Powers (2010) indicates that impaired coordination in performance can increase joint loading to the knee due to compensation for poor hip mechanics. Increasing the overall risk factor to potential injury. 

Throughout this analysis, limitations occurred. When analyzing the subject performing the front squat, only 2D analysis was available. Having analysis from the transverse plane would have provided more insight, such as potential hip rotation, barbell drift and asymmetries in technique and movement efficiency. No kinetic variables, such as ground reaction forces or joint moments, were measured when conducting this analysis. Therefore, interpretations regarding the force production and mechanical demand remain unknown, and unable to be quantified. When recording the footage for analysis, joint angles were analysed at 0.5s intervals, which could not fully highlight raped changes occurring during the movement. Analysing the footage at higher sampling frequency would have provided greater depth of precision when analysing.

The results collected do indicate that the sample subject demonstrated clear phase differentiation, appropriate joint coordination, and controlled mechanics during the barbell front squat.

Conclusion & Recommendations

To conclude this analysis, throughout the observation and breakdown of the subject's 50% 1RM barbell front squat examination, there is a lag of 0.5s between joint sequencing of the peak knee and hip flexion. Due to kinetics not being measured during this analysis, it requires further investigation of the implications of the lag and the compensation placed across the movement as a result. The barbell path remained controlled throughout the movement, with small anterior displacement during the eccentric phase. Throughout the movement there was more demand to maintain a vertical torso and greater knee flexion demand, due to anterior loading. Performance efficiency could be improved by increasing dorsiflexion ROM in the ankle, to allow for a more trunk position, placing less demand through spinal loading. Future analysis incorporating a 3D view, would allow for greater analysis into the symmetry, joint loading, and the efficiency of the movement. 
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