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The squat exercise movement is one of the most fundamental human movement patterns and plays a crucial role in performance across many sports. It is a multi-joint kinetic movement which requires precise control of posture and balance, substantial muscle force production, and coordinated movement at the hips, knees and ankles. The squat is frequently employed in athletic preparation for sports, including weightlifting, rugby, football, athletics, and court-based activities due to its ability to build lower-body strength, power, and neuromuscular control (Schoenfeld, 2010). Because it resembles commonplace activities like sitting, standing and lifting, the squat is essential for rehabilitation and functional training in addition to performance development (Escamilla,2001).
This report's objective is to examine the squat's biomechanics in relation to injury risk and performance efficiency. The report will examine how joint angles, forces, torques, and muscular actions contribute to efficient technique by assessing the movement using both kinematic and kinetic concepts. Athletes can enhance force output, optimise movement patterns, and lower their risk of injury during training or competition by adopting a biomechanical viewpoint.
In terms of biomechanics, the squat is a prime illustration of human movement coordination. Important concepts include kinetics, which studies the forces acting on the body, such as joint moments and ground reaction forces, and kinematics, which characterises the movement of the hips, knees, and ankles throughout the descent and ascending phases (Winter, 2009). Newton's laws of motion are also demonstrated by the movement, namely, the connections between force, acceleration, and stability when squatting with a load. Furthermore, the squat illustrates the function of lever systems, as joint placements and limb lengths affect the torque needs and mechanical advantage at each joint. It is crucial to comprehend these concepts to assess technique, spot compensating behaviours, and ascertain how load distribution impacts joint stress and performance.
This will describe the stages of the squat and the anatomical structures that are involved.  After the biomechanical analysis, the discussion will address technique variations, common errors and associated injury risks. The performance implications will then be explored, followed by a summary of research in exercise and sport.





Two-dimensional video analysis was used to gather biomechanical data for this study. To record the entire range of motion during the squat, a digital camera was placed perpendicular to the participant's sagittal plane. Dartfish, a motion-analysis program that enables frame-by-frame relay, slow-motion inspection, and accurate annotation of joint angles and movement patterns, was used to analyse the video. With the use of Dartfish's drawing tools, lines, arrows, and angle markings may be placed at strategic points during the squat, facilitating precise joint location identification and segment alignment all along the way.
One participant, chosen from the class group, provided the data. The individual completed three squat movement trials while remaining anonymous for ethical reasons. To increase dependability and make sure the study showed regular movement patterns rather than sporadic variances, many trials were utilised. The participant was told to use their normal technique while performing a typical bodyweight squat at a self-selected rate. To decrease variability and lessen the impact of fatigue, no external load was applied.
Completing a full squat from standing to the lowest comfortable depth and then standing back up was the movement task. To ensure measurement accuracy, the person and camera were positioned consistently during each trial, which was filmed in the same setting.
The procedure of gathering the data has a few restrictions. It is more difficult to record movements that take place outside of the sagittal plane, like hip rotation or knee valgus, when 2D video analysis is used. When compared to laboratory-based solutions that use force plates or reflective markers, marker less analysis may also be less precise. Furthermore, examining just one person restricts how broadly the results can be applied. Notwithstanding these limitations, the approach offered enough information to assess the squat's primary biomechanical properties.





The pictures show a biomechanical analysis of a barbell back squat with an emphasis on joint angle measurement at the bottom position, trunk inclination, and centre of mass alignment.
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The subject is seen in the first picture when the squat is in its eccentric phase. The forward tilt of the trunk with respect to the ground is highlighted by a diagonal line. To keep balance over the base of support, the body tilts forward as the hips and knees flex synchronously. The external hip flexion moment is increased by this forward trunk position, which also increases the horizontal distance between the hip joint and the barbell. To regulate the descent, the hip extensors, especially the hamstrings and gluteus maximus, must provide a larger internal extension moment.
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A deep squat is indicated by the hips being below knee level in the second picture, which shows the squat at its lowest point. The forward projection of the system's centre of mass or anterior force direction is shown by a horizontal arrow. The heels stay planted despite the forward trunk tilt, indicating that the ground response force vector stays inside the base of support. The combined centre of mass's vertical projection needs to stay roughly over the midfoot for mechanical stability.
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The third figure emphasises alignment and balance by showing the intersection of vertical and horizontal reference lines close to the hip joint. A plumb line, represented by the vertical line, is used to determine whether the center of mass is properly positioned above the base of support. Because the squat requires synchronised hip and knee flexion, the hip joint is highlighted as a main axis of rotation.
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AI-generated content may be incorrect.]At the bottom position, the measured trunk-to-femur angle in the final photos is 55.8°. Significant hip flexion is indicated by this angle, which represents the relationship between torso inclination and thigh orientation. Mechanical demand is shifted toward the posterior chain musculature by an increase in trunk inclination. The use of anatomical markers to measure joint angles and offer an objective kinematic assessment is demonstrated via the digital motion-analysis interface.














The barbell back squat's biomechanical analysis shows important kinematic traits pertaining to segmental alignment, hip flexion, centre of mass control, and trunk inclination. At the bottom position, the measured trunk-to-femur angle of 55.8° shows a moderate forward trunk lean along with significant hip flexion. According to biomechanics, a greater trunk inclination raises the external hip flexion moment arm by increasing the horizontal distance between the hip joint and the barbell. To control and reverse the movement, the hip extensors, especially the hamstrings and gluteus maximus which must produce more internal torque (Escamilla et al, 2001).
According to established squat mechanics, the vertical reference line indicates that the lifter and barbell's combined COM stays roughly over the mid-foot (McLaughlin et al., 1977). Balance is maintained and needless compensatory movement is reduced when the COM is kept inside the base of support. According to research, trunk lean raises hip extensor demand while decreasing relative knee extensor contribution (Escamilla et al., 2001; Fry et al., 2003). This is consistent with the forward trunk inclination seen at the bottom position.
These results are in line with earlier research on the biomechanics of squats. According to Escamilla et al. (2001), forward trunk lean considerably reduces knee extensor moments while increasing hip extensor moments. According to Fry et al. (2003), hip flexion angles and posterior chain activation are positively correlated with deeper squat positions. The measured trunk-to-femur angle of 55.8° is within the ranges seen during deep back squats, especially when a hip-dominant technique is used. Ankle mobility, stance width, bar placement and anthropometry can all affect individual differences (Schoenfeld, 2010).
The movement seems to be efficient from the perspective of mechanical efficiency. The heels continued contact with the ground shows that the posterior chain is transmitting force appropriately. Optimising vertical force generation and minimising needless horizontal displacement are achieved by maintaining COM alignment over the mid-foot. But leaning the forward trunk too much beyond what is necessary for balance may raise the strain on the lumbar extensors, which could decrease performance and increase fatigue (McGill, 2007).
A back squat should have a moderate trunk tilt for safety. On the other hand, shear forces on the lumbar spine may rise when compressive loading and greater trunk flexion are combined (McGill, 2007). If neutral posture is not maintained, a severe forward lean could increase spinal stress even though lumbar flexion is not readily visible in the photos. Although deep squats increase compressive pressures on the knee joint, evidence indicates that when appropriate technique and progression are utilised, deep squatting does not always increase the risk of injury in healthy persons (Hartmann et al., 2013). Injury risk is more likely to be influenced by deficiencies in strength or mobility.
Technique plays a major role in performance demands. The posterior chain contribution is emphasised in a hip-dominant squat, which may help athletes that need to exert force during hip extension, such weightlifters or sprinters. A more upright posture, on the other hand, would enhance the growth of the quadriceps by increasing the contribution of the knee extensors. Thus, trunk angle modifies training adaptations by influencing patterns of muscle recruitment and force distribution.
When the data collection process is critically examined, both its advantages and disadvantages are revealed. Compared to eye estimation, the use of digital motion analysis to quantify joint angles improves objectivity and is a key strength. Kinematic data can be measured by overlaying reference lines and measuring angles. However, only two-dimensional sagittal-plane assessment is included in the study. The assessment of frontal and transverse plane abnormalities (such as knee valgus or pelvic rotation) is not possible because squatting is a three-dimensional movement. A single camera angle also raises the possibility of parallax error if anatomical landmarks are not precisely positioned in relation to the camera plane.
Training implications include providing sufficient ankle and hip mobility to reach depth without compensating lumbar flexion and strengthening the posterior chain to support the observed hip-dominant pattern. Neutral spinal alignment and proper load escalation are crucial for preventing injuries. In rehabilitation settings, introducing deeper squat positions gradually can help reduce spinal stress and restore functional hip and knee strength.
Overall, the movement demonstrates solid mechanics with efficient depth and a stable centre of mass. A more detailed kinetic and three-dimensional analysis, despite this it would provide an understanding of mechanical efficiency, performance implications and potential risk of injury.







The biomechanical analysis shows that the back squat was performed with generally sound technique, including a stable centre of mass alignment over the midfoot, maintained heel contact, and coordinated hip and knee flexion. The measured trunk-to-femur angle (55.8°) indicates a hip-dominant strategy, with increased hip extensor moment demands and moderate knee extensor loading. This distribution of joint torque is consistent with optimal posterior chain engagement and promotes both strength development and force output. No noticeable instability or excessive shift of the centre of mass was noticed, indicating adequate mechanical efficiency.
However, the degree of forward trunk inclination may increase lumbar strain if spinal neutrality is not properly maintained. While deep squat postures are not always dangerous, proper mobility, strength, and load progression are required to reduce risk.
To support efficient mechanics, training should focus on posterior chain strength (gluteus maximus and hamstrings), trunk stabilisation, and ankle mobility. Video analysis can be used to monitor technique over time and enhance movement quality. Progressive loading and spinal alignment are essential in injury prevention and rehabilitation settings. Future studies should include three-dimensional motion capture and kinetic analysis to provide a more complete assessment of joint stress and movement efficiency.
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