The Biomechanical Differences Between a Back Squat and Front Squat and the Effect of Different Loads on Each
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Abstract


The squat is one of the most widely used exercises across strength and conditioning programmes or in general fitness programmes. There are many variations of the squat; two of the most common involve the back squat and the front squat. Although they are so common, there is limited research comparing the two lifts to find characteristic differences between them. The purpose of this study was to find the characteristic differences between the two squat techniques and the effect an added load has on the two. Squats were performed at 50% and 80% of a subject’s 1 repetition maximum and the joint angles at the knee and hip were measured in 0.3 second intervals. Load significantly increased the knee flexion angle for the back squat but not for the front squat. The back squat could be used to lift 20KG heavier weight than the front squat but took as long as 0.6 seconds longer to do so.
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Introduction
Before going into the biomechanical differences of the front and back squat; it is important to understand the movement characteristics of the two. To perform a back squat, the bar must be grabbed slightly wider than shoulder grip and the bar must be placed evenly above the posterior deltoids and base of the neck, allow the knees and hips to slowly flex while maintaining a flat back and holding chest up and out and heels should be kept on the floor; before pushing up the thighs should be parallel to the floor, the hips and knees should extend until reaching the starting position. (Coburn and Malek, 2012, p.314-315). To perform a front squat, grab the bar slightly wider than shoulder width and place it on top of the anterior deltoids and clavicles while fully flexing the elbows so the upper arms are parallel to the floor; allow the hips and knees to flex slowly keeping a flat back with elbows high and chest out until the thighs are parallel to the floor; extend the hips and knees at the same rate while keeping the heels on the floor until the lifter is back to the starting position. (Baechle and Earle, 2000, p. 368-369). 
Now that the movements are understood, it is important to recognise the effect that different loads have on squat performance. Findings by McKean, Dunn and Burkett (2010) show that the angle at the knee joint and the hip joint increase as the load of the squat increases in order to accommodate for the added load. More recent research by Hooper, et al (2014) found similar results, showing that as the load of a back squat increases from 50% to 80% of 1 repetition maximum, the angles recorded at the knee and at the hip would be significantly different. They also found that it took longer to complete each lift. 
Changing lift times at different resistances is due to a change in the velocity of the lift. Paulus, Reiser and Troxell (2008) tested the difference in velocities when performing back squats and found that as the resistance increases on the bar, the velocity of the lift decreases, explaining the longer lifting time found in other research. There is also evidence for front squats that suggests a similar result. Tomasevicz, et al (2020) measured velocity of different lifts. They found that for the front squat, as the load got heavier the velocity of the lift decreased suggesting it took longer to complete. To develop this point, another study by Spitz, et al (2019) showed the velocity of both lifts at different loads. The study showed that both lifts were similar in velocity and that both had a decrease in velocity as the load increased.
Despite both having similarities when it comes to velocity, there are differences between the two; most noticeably is the weight lifted. Gullet, et al (2009) found that there was more force on the knee when performing back squats but put this down to the fact that more weight was being lifted in the back squat because participants could lift heavier performing the back squat than when performing front squats. More recent research by Yavuz, et al (2015) found similar results in that the back squat can be used to lift heavier loads than the front squat, however their research went on to say that the front squat may be the safer of the two to perform as there is less risk of lumbar injuries. Sinclair, et al (2015) also found that there is increased injury when performing the back squat when they studied the force placed on the Achilles tendon, supporting the previously mentioned findings.
Methods
The participant for this experiment was a twenty-year-old male rugby player who was experienced in resistance training. This participant was used because they had a basic understanding of the techniques of front and back squats so could easily adjust to follow the techniques presented previously by Coburn and Malek, as well as Baechle and Earle. The participant had tape markers at the ankle, knee and hip joints and on the barbell itself in order to reliably collect the angles at the knee and hip joint during the squats.
The participant performed a back squat at 50% and 80% of their 1 repetition maximum (60KG and 100KG respectively) and then performed a front squat at the same load intensities of 50% and 80% (50KG and 80KG). The bar used for each lift was a standard gym bar weighing 20KG without any added weights. The movement was filmed from a side view for each squat to show the angle change at the knee and hip joints. To film these movements, an app called Hudl Technique was used on an iPad because this app allows videos to be slowed down and paused at specific times, making angle measurement easier.
Once each of the squats had been filmed, the angles of the knee and hip were drawn onto laminate paper for every 0.3 seconds of the lift from starting position, to finishing position, including the downward phase and upward phase of the squat. The angles were measured using a protractor to give a more accurate reading of the angle than if measured using the app itself.
Due to having no indicator of the dimensions of the videos, the velocity cannot be accurately measured, so for this study, the length of each of the lifts was essential; theoretically, the longer the lift took, the less velocity the lift had. The angles at each joint were plotted onto a table which was then converted into a line graph for easier viewing.
Results
The angles which were recorded at the hip and knee joints during the back squat and front squat were written down onto laminate paper (see Appendices) and are shown in figures 1-4.










Figure 1: Table showing the angle at the knee and hip joint for 50% and 80% lifts during a back squat.



Figure 2: Line Graph showing the angle at the knee and hip joint for 50% and 80% lifts during a back squat.




Figure 3: Table showing the angle at the knee and hip joint for 50% and 80% lifts during a front squat.




Figure 4: Line Graph showing the angle at the knee and hip joint for 50% and 80% lifts during a front squat.





The results show that the hip angle tends to drop lower (trunk leans further forward) when performing a back squat than when performing a front squat, even at the lighter loads; dropping as low as 45 degrees at 50% and 39 degrees at 80% for the back squat, compared to only 65 degrees at 50% and 42 degrees at 80% for the front squat.
As well as the hip, the angles of the knee were also different between the two lifts. In the back squat, the 50% lift showed a lowest angle of 73 degrees while the 80% lift showed a lowest angle of 78 degrees, showing that as load increases, the depth of the squat decreases also. However, there was only 1-degree difference at the lowest point of the 50% and 80% front squat (80 degrees and 79 degrees respectively) which is not a significant decrease, suggesting added load does not have the same effect on both techniques.
[bookmark: _GoBack]While angles were measured directly, the time of each lift was also recorded. This showed that the front squat did not have a change in lift time at different loads, both taking 2.7 seconds to complete. However, the back squat did show that as load increased, the time taken to complete the lift also increases, taking 3 seconds for the 50% lift and 3.3 seconds for the 80% lift.
Discussion
The aims of this study were to see if there was any difference in squat technique if there was an added load, as well as to compare the differences between a back squat and front squat. It is evident from the results that adding load to the bar when performing a back or front squat has an effect. What was found was that in back squats the angle at the knee at the deepest point of the squat would increase as the load of the bar increased; meaning the squat would become less deep as the load increased. This supports the findings of McKean, Dunn and Burkett (2010) as well as those of Hooper, et al (2014). Hooper’s research also found that the time taken to complete a back squat would increase as the load increased, which matches what was found in this study, with a time difference of 0.3 seconds between the 50% and 80% back squat.
Since only the time was recorded and not the scale of the video, the distance of the squats cannot be found, so the velocity cannot be accurately calculated. However when taking into account the time difference between loads, it becomes evident that the front squat is performed fastest of the two lifts, but load does not make a difference in performance time, which goes against the findings of Tomasevicz, et al (2020) as well as those by Spitz, et al (2019).
Despite contradicting studies for velocity, this study does support the results found by Gullet, et al (2009) and Yavuz, et al (2015) when comparing the weight lifted by the two loads. The participant in this study lifted 20KG more when performing the back-squat exercise than the front squat exercise (80KG and 100KG respectively).
Interestingly, the participant in this study shows hyperextension at the hip joint at the completion of both lifts with all angles at the end of the lift extending beyond 180 degrees. This could be down to the bar moving slightly sideways when lifting the weight, causing the angle to appear like it is shifting behind the hip in the video footage; however for it to occur in every single lift could suggest that the participant is incorporating their trunk into the lift more so than is recommended for safety. The angles showing hyperextension are larger in the back squat than the front squat, however this can be explained by the bar placement since it sits on the posterior end of the body, compared with the front squat where the bar rests at the anterior end of the body
Conclusion
This research showed that there were some key characteristic differences between the back and front squat exercises. Namely, the back squat can be used to lift a heavier load than the front squat, which could explain why the back squat is the more popular lift of the two. However, another characteristic difference is the depth of the two squats and the effect of weight on them. This research found that a back squat allows for more depth at lighter weights, but the front squat’s depth is affected a lot less by adding load to the lift. This could be useful to those trying to maintain a deeper squat for flexibility purposes when training.
It is important to note that this research only looked at one participant, a 20-year-old male from a sporting background. This means that irregularities could have occurred which might have altered the results. It also means that the findings of this research cannot be generalised to a wider audience such as females, older generations, or people who are inexperienced at squatting with different loads.
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Back Squat

Knee angle 50%	0	0.3	0.6	0.9	1.2	1.5	1.8	2.1	2.4	2.7	3	3.3	161	135	117	96	80	73	91	107	128	152	175	Knee angle 80%	0	0.3	0.6	0.9	1.2	1.5	1.8	2.1	2.4	2.7	3	3.3	171	148	133	113	101	91	78	90	111	136	160	180	Hip angle 50%	0	0.3	0.6	0.9	1.2	1.5	1.8	2.1	2.4	2.7	3	3.3	172	138	102	71	48	45	70	98	125	160	182	Hip angle 80%	0	0.3	0.6	0.9	1.2	1.5	1.8	2.1	2.4	2.7	3	3.3	180	159	138	111	81	50	39	60	90	128	150	182	Time (s)


Degrees (°) 




Front Squat

Knee angle 50%	0	0.3	0.6	0.9	1.2	1.5	1.8	2.1	2.4	2.7	172	143	115	93	80	80	100	121	149	179	Knee angle 80%	0	0.3	0.6	0.9	1.2	1.5	1.8	2.1	2.4	2.7	170	131	110	93	82	79	91	108	129	173	Hip angle 50%	0	0.3	0.6	0.9	1.2	1.5	1.8	2.1	2.4	2.7	182	149	119	86	68	65	99	128	161	186	Hip angle 80%	0	0.3	0.6	0.9	1.2	1.5	1.8	2.1	2.4	2.7	179	142	116	81	59	42	61	101	148	185	Time (s)


Degrees (°)




image3.emf
Time (s) 50% 80% 50% 80%

0 172 170 182 179

0.3 143 131 149 142

0.6 115 110 119 116

0.9 93 93 86 81

1.2 80 82 68 59

1.5 80 79 65 42

1.8 100 91 99 61

2.1 121 108 128 101

2.4 149 129 161 148

2.7 179 173 186 185

Knee angle (°) Hip angle (°)


Microsoft_Excel_Worksheet2.xlsx
Sheet1

				Knee angle (°)				Hip angle (°)

		Time (s)		50%		80%		50%		80%

		0		172		170		182		179

		0.3		143		131		149		142

		0.6		115		110		119		116

		0.9		93		93		86		81

		1.2		80		82		68		59

		1.5		80		79		65		42

		1.8		100		91		99		61

		2.1		121		108		128		101

		2.4		149		129		161		148

		2.7		179		173		186		185
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image2.emf
Time (s) 50% 80% 50% 80%

0 161 171 172 180

0.3 135 148 138 159

0.6 117 133 102 138

0.9 96 113 71 111

1.2 80 101 48 81

1.5 73 91 45 50

1.8 91 78 70 39

2.1 107 90 98 60

2.4 128 111 125 90

2.7 152 136 160 128

3 175 160 182 150

3.3 180 182

Knee angle (°) Hip angle (°)


Microsoft_Excel_Worksheet.xlsx
Sheet1

				Knee angle (°)				Hip angle (°)

		Time (s)		50%		80%		50%		80%

		0		161		171		172		180

		0.3		135		148		138		159

		0.6		117		133		102		138

		0.9		96		113		71		111

		1.2		80		101		48		81

		1.5		73		91		45		50

		1.8		91		78		70		39

		2.1		107		90		98		60

		2.4		128		111		125		90

		2.7		152		136		160		128

		3		175		160		182		150

		3.3				180				182
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