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Biomechanical
Differences in
Flywheel Squat vs
Barbell Back Squat
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Barbell Back Squat

* Muscle activity during
squats can be
measured with EMG
electrodes

* Muscle activity (from
top to bottom) in RF,
VL, VM, BF, and GM
muscles during barbell
BS in this study




Flywheel Isoinertial Exercise Device
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Flywheel Isoinertial Exercise Device
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Aim And Purpose of The Study
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Study Design




Barbell Back Squat

ell back squat
tes of rest

participant was not able to
s and a spotter was standing




A iE Skl Flywheel moment

of inertia (kg m?)

* In the flywheel squat, the protocol was
the same for each participant

+ The Barticipants were %iven 3-5 minutes
rest between each tria

» The starti[Hg1 position was thighs parallel to
the floor. Then the subject was asked to
stand up with approximately 80% effort to
get momentum into the flywheel

* In the following repetition the subjects
were asked to push maximally in the
concentric direction and to léet the
flywheel pull them down about a third in
the eccentric part before they start to
apply breaking force and try to change the
direction of the flywheel as quickly and
forcefully as possible into the last maximal
concentric action

The ;t)articipants were asked to perform the
squats down to thighs parallel to the floor,
so same as in the barbell back squat




Flywheel Squat

* In FW squats a harness was used.

* The harness puts less stress on
the lower back by distributing
the force lower on the hips

» This takes away the lever arm
that puts stress on the lower
back in BS

* The two metal rings at the end of
the harness were attached to the
pulling force meter and FW setup




Flywheel Squat




Measurement Methods

Jyvaskyla,
(University of

pulling force meter
ached to the flywheel
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Data Analysis
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Eccentric subsections







Data Analysis

* In the back squat force signal, the subject’s
bodyweight was subtracted from the total force to
make it comparable to data given by the pulling
force meter in the flywheel squat

« Average and peak forces were obtained and
reported for the full repetition, eccentric part,
concentric part, and all 10 sub sections described
above. Force values are presented in Newtons

 EMG data was rectified and reported as RMS amplitude
within each sub section. Averages were also calculated
for full repetition, eccentric and concentric parts. EMG
data is presented in mV
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Results

B BS Peak force (N)
B FW Peak force (N)

Con5s

on4

Con3

Con2
Conl
Eccs

Ecc4

Pasition

Ecc3

Ecc2

Eccl
Concentric
Eccentric

Full repetition

(N) 22404 yead ueapy

_—
zz
w Y
[
5.2
S
ae
o=
o

=
<
W
L

Con5s

on4

Con3

Con2
Conl

Ecc5

Ecc4

Ecc3

Ecc2

Eccl
Concentric
Eccentric

Full repetition

[=]
(=]
A

(N) 2240} abeiaAe uBap




BS FW
Average Average %o - BS Peak | FW Peak % -
Position Statistics force (N) | force (N) | Difference | force (N) | force (N) | Difference
Full Mean 1322 1145 14.4% * 1525 1417 73%
repetition  Std. 196 255 - 224 312 -
Deviation
BS Average FW Average BS Peak force | FW Peak force Mean 1310 983 28.5% ** 1480 1209 20.1% *
Position Statistics BS Time (s)  FWTime(s) | force(N)  force(N) % - Difference (N} (M) 2% - Difference Std. 196 241 - 234 270 -
Full repetition Mean 4.15 184 1322 1106 17.8% * 1525 1396 B8 Deviation
Std. Deviation L10 0.55 255 . 224 112 . Concentric  Mean 1335 1311 LB % 1570 1632 3.9 %
Eccentric  Mean 1.90 1.95 1310 939 33.0% ** 1480 1190 21.7% * s 2 276 ) =20 364 )
Deviation
Std. Deviation 0.51 0.37 196 241 - 234 270 - BS W
Coneentric  Mean 235 1.8% 1335 1281 4.1 % 1570 1608 14 % Average | Average % - BS Peak  FW Peak %=
Std. Deviation 0.70 0.29 204 276 - 270 164 - Position Statistics force (N) | force (N) | Difference | force (N) | force (N) | Difference
Mean 963 699 LB % 1326 1056 217 %
Std. 202 451 - 193 580 -
BS Cumulative FW Cumulative |BS Average FW Average BS Peak force  FW Peak force Deviation
Position Statistics Time (3) Time (s} force (N) | force (N} % - Difference (N} (N} % - Difference Mean 1361 1046 26.2% * 1546 1306 16.8 %
Eeel Mean 0.38 0.39 963 601 46.3% * 1326 997 18.3%, * Std. 290 585 - 300 668 -
Std. Deviation - - 202 461 - 193 580 - Deviation
Mean 1366 1124 19.4%, * 1462 1351 7.9 %
Eee2 Mean 0.76 0.78 1361 95) I56% * 1546 1221 23.5% S 237 353 _ 2 138 _
Std. Deviation - - 200 583 - 300 668 - Deviation
Ecc3 Mean 114 L17 1366 1115 20.2 % 1462 1351 7.9 % Mean 1369 1026 28.6% 1459 1187 20.5%
Std. Deviation - - 232 353 - 241 328 - m‘. . 213 294 - 21 349 -
Deviation
Eccd Mean 1.52 1.56 1369 1025 28 7% * 1459 1209 18.8% * Mean 1491 1021 3T 4% 1605 1146 3340, **
Std. Deviation - - 215 294 - 227 349 - Std. 271 387 - 313 441 -
Eees Mean 1.9 1.95 1491 1002 3020 & 1605 1173 A% Deyastion
. Mean 1420 919 41.8% *= 1578 1067 IB6% **
Std. Deviation - - 271 387 - 313 441 - . 2 02 . 290 s -
Conl Mean 235 233 1420 920 42,70 ¥+ 1578 1051 40.1% *= Deviation
Std. Deviation - - 713 192 - 792 09 - Mean 1294 909 35% ** 1351 1030 27.1% **
Con2 Mean 2.8 .71 1294 908 35.1% ** 1352 1017 218.3% ** Std'. . 192 23 B 199 268 B
Dieviation
Std. Deviation - - 192 213 - 199 268 - Mean 1331 197 10.6 % 1390 1484 6.5 %
Con3 Mean 125 1,08 1331 1179 12.1 % 1390 1468 5.4 Std, 194 370 - 203 469 -
Std. Deviation - - 194 370 - 203 469 - Devaation
Mean 1465 1851 23.3%, * 1623 2276 33.5%, **
Cond Mean 7 146 1465 1828 2.1% * 1623 2227 31.4% ** Std. 217 <34 . 246 536 )
Std. Deviation - - 217 534 - 246 586 - Deviation
Cons Mean 4.15 3.84 1166 1567 29.4% * 1905 2279 17.9%, * Mean 1166 1664 3B2% 1905 1296 18.6% *
Std. Deviation - - 321 559 - 267 563 - Std', . 321 539 - 267 363 -
Deviation
* Bignificance p < 0,05 Greater force in BS * Significance p <005 Greater force in BS

** Significance p < 0.001 Greater force in FW ** Significance p < 0.001 Greater force in FW



Mean sEMG (mv)

Results

Full repetition

Eccentric

Position

Concentric

M BS Rectus femoris (mV)
B FW Rectus femoris (mV)
MBS Vastus lateralis (mV)
B FW Vastus lateralis (mV)
M BS Vastus medialis (mV)
B FW Vastus medialis (mV)

Mean sEMG (mv)

Full repetition

Eccentric

Position

Concentric

[ BS Biceps femoris (mV)
B FW Biceps femoris (mV)
B BS Gluteus maximus (mV)
B FW Gluteus maximus (mV)




Results

B BS Rectus femoris (mV)
B FW Rectus femoris (mV)
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Results

B BS Vastus lateralis (mV)
B FW Vastus lateralis (mV)
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Results

[ BS Biceps femoris (mV)
B FW Biceps femoris (mV)
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Top value = Duration matched squats

Bottom value = Force matched squats
Greater activation in BS
Greater activation in FW

Rectus Vastus Vastus Biceps Glutens
Position femoris lateralis medialis femoris Maximus
Full repetition|  25.5 % 1.6 % 2.1% 10.6 % 152%*
399 ¢ 2.9% 6.7 % 9.0 % 9.8 %
Eccentric 16.6 % 11.7% 11.5% 17.2% * 26.1% **
24.5% 16.4% * 17.7 % 17.3% * 19.8% *
Concentric 242 % 5.4% 54 % 223 % 113 %
202 % 6.8% " 23% 20.0 % 6.2 %
Rectus Vastus Vastus Biceps Gilutens
Position femoris lateralis medialis femoris MEAX IS
Eccl 66.1 % 28.0% 35.2%* 35.6% 28.9%
67.5 % 37.1%* 42 8% * 39.0% * 35.3%
Ecc2 57.0% 4.5% 22.6% 23% 24.1% "
62.3 % 13.9% 28.2% 6.3 % 154 %
Ecc3 22.6% 18.6 % 231.9% 15.0 % 43.4%
27.1% 23.1% * 29.39% 15.3 % 32.6% *
Eccd 20.1 % 6.3 % 0.6 % 15.3 % 46.0%; **
18.0 % 9.5 % 25% 18.2 % 43 4% **
Ecch 13.8 % 10.4 % 2.9% 17.7% * 49.8% *
32.0% 12.4 % 12.3% * 14.6 % 50.3% *
Conl 19.2 % 5.9% 8.1% 7.7 % B2.9% "
29.9 % 1.7% 13.3 % 10.4 % T9.5% *
Con2 27.8%* 7.9% 5.0% 56.5% ** 69.0% *
26.3 % 6.3 % 9.1% 60.4% ** 63.2%*
Con3 38.3 % 2.1% 11.0% T70.1% ** 18.2 %
43.0 % 2.5% 5.4% 59.2% * 12.7% *
Cond 242 % 13.7% * 11.6% 6.5 % 8.0 %
30.9 % 14.2% * 11.8% 8.3 % 14.6% *
Cons 75.8% * 43 .8% ** 34.8% * 6.9 % 35.9%
66.8% * 44 4%, ** 38.1% * 12.7 % 3I8.7 %

* Significance p < 0.05
** Significance p < 0.001
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Results

BS Knee  FW Knee BS Hip FW Hip
angular angular angular angular
velocity velocity % - velocity velocity % -
Position Statistics (deg/s) (deg/s) Difference (deg/s) (deg's) Difference
Eccentric Mean =54.0 -52.3 32 % -58.0 -59.4 23 %
Std. Deviation 17.3 15.1 - 18.1 12.7 -
Concentric  Mean 47.1 53.1 1.7 % 49.6 61.0 20.8% *
Std. Deviation 14.1 9.3 - 15.9 9.5 -
Eccl Mean -84.7 -98.1 14.7 % =T1.6 -98.0 233%™
Std. Deviation 355 3o - 27.0 308 -
Ecc2 Mean -81.9 -65.9 2L.7% * -84.6 =74.0 13.4 %
Std. Deviation 27.5 16.9 - 26.7 18.9 -
Ecc3 Mean -43.3 -51.2 16.9 % -61.7 -64.1 18 %
Std. Deviation 21.6 17.2 - 302 21.1 -
Eccd Mean -40.0 -39.9 0.4 % -40.8 -47.8 16.0 %
Std. Deviation ile 27.8 - 287 23.0 -
Ecch Mean =10.1 =63 104.2% * =25.6 =13.0 65.6% *
Std. Deviation 18.0 1.6 - 16.0 B.8 -
Conl Mean 3.0 215 3LT% * 16.0 14.2 11.7 %
Std. Deviation 16.5 10.2 - 15.2 9.8 -
Con2 Mean 24.6 338 315 % 26.7 39.9 30.6% *
Std. Deviation 17.8 11.8 - 13.2 14.3 -
Con3 Mean 15.7 47.0 99.9% ** 21.7 75.0 10.3% **
Std. Deviation 7.1 14.8 - 21.8 22.7 -
Con4d Mean 2.5 T0.5 B7.7T% ** 51.9 90.1 52.0% =*
Std. Deviation 16.0 21.6 - 28.0 23.6 -
Con5 Mean 137.3 91.6 40.0% ** 130.5 85.9 41.1% *
Std. Deviation 3.6 17.3 - 43.2 18.4 -
* Significance p < 0.05 Greater velocity in BS

** Significance p < 0.00 Greater velocity in FW
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