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ABSTRACT

Changes in range of motion affect the magnitudehefload during the squat exercise
and, consequently may influence muscle activafidre purpose of this Study Was to
evaluate muscle activation between the partialfatidback squat exercise with external
load equated on a relative basis between conditieifteen young, healthy, resistance
trained men (age: 265 years, height: 173+6 cmjopmied a back squat at their 10
repetition maximum using two different ranges of timo (partial and full) in a
randomized, counterbalanced fashion. Surface elagiwgraphy was used to measure
muscle activation of the vastus lateralis (\VL), tuasmedialis (VM), rectus femoris
(RF), biceps femoris (BF), semitendinosus (ST)cterespinae (ES), soleus (SL), and
gluteus maximus (GM). In general, uscle activigsvhighest during the partial back
squat for GM P=0.004), BF P=0.009), and SLR=0.031) when compared to full.
There was no significant difference for RPE betweartial and full back squat exercise
at 10RM (81 and 941, respectively). In conclusitme range of motion in the back
squat alters muscle activation of the prime mogtutéus maximus), and stabilizers
(soleus and biceps femoris) when performed withldlael equated on a relative basis.
Thus, the partial back squat maximizes the leveiakcle activation of the gluteus

maximus and associated stabilizer muscles.

Keywords. exercise, strength, performance.
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INTRODUCTION

The squat is an exercise that increases hip and &rensor muscle strength,
which in turn can indirectly improve the performanm athletic and non-athletic
populations (34). The squat exercise utilizes massalith different morphology
(monoarticular and biarticular), and the musclecésr also vary depending on joint
positions (moment arm, length-tension relationshig)ether the muscle acts as a prime
mover or stabilizer. Though evidence suggests dhdtitecture, position, and function
drive muscle performance during the squat, litdekhown about the neuromuscular
changes that occur from a muscle activation stantlp&lucidating how muscle
activation patterns (monoarticular and biarticutdrange during the ankle, knee and hip
joint movement during squatting at different knesy angles would enhance our
understanding of how one could capitalize on mazimg muscle activation, and
improve the exercise prescription in the strengil eonditioning areas. Considering
the squat exercise is a multi-joint task, a larganber of muscle groups are
simultaneously activated in a complex manner. Aswdti-joint exercise, the knee
extensors (e.g. rectus femoris, RF; vastus lagerdli; and vastus medialis, VM), and
hip extensors (e.g. gluteus maximus, GM; bicepfesnBF; and semitendinosus, ST)
are considered to be the prime movers during thatsegxercise, with other muscles
such as the soleus (SL) and erector spinae (E$)gart a secondary or stabilizer
capacity, respectively (6, 21, 34). Several stulege shown that manipulating features
of the squat exercise result in altered muscleviagtiThese manipulations include
changes in foot position (25, 29), barbell positid6), stability of the surface on which
the exercise is performed (1, 10, 18, 23, 24)ed#ft levels of intensity of load (2),
range of motion (2, 6, 20, 32), different equipmé€BB), and type of contraction

(dynamic or isometric) (3, 8, 20).
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The rationale for this study is based on the assomphat the changes in range
of motion during the back squat affect the magratod the external load that can be
used, which may thus affect muscle activation. &kiernal load parameters have been
referred in previous studies as body weight (BWYXeBW (6, 7, 9, 26), number of
repetition maximum (RM) (7, 15), and percentageragetition maximum (%1RM)
(32). There is a paucity of research comparing heusctivation patterns during
different knee angles with the external load equisgethe range of motion of the back
squat exercise. Therefore, the purpose of thisystwes to evaluate the imuscle
activation between partial and full back squat eiser when performed with the load

equated on a relative basis.

METHODS
Experimental Approach to the problem

Our study utilized a randomized and counterbalandesign with repeated
measures to evaluate muscle activation betweepatial and full back squat exercise
with relative external load equated between comaléti All subjects performed a ten
repetition maximum (10RM) test equated for eactklsmuat condition (partial and full
back squat). The range of motion was determinedrbglectrogoniometer on the knee
joint, and all subjects performed both conditionsai self-selected caderice. Surface
electromyography was measured from the vastusalagiL), vastus medialis (VM),
rectus femoris (RF), biceps femoris (BF), semitendus (ST), erector spinae (ES),
soleus (SL), and gluteus maximus (GM). All electyographic data were defined by
the electrogoniometer data, characterizing bothcthecentric and eccentric phase of
each repetition. The rating of perceived exertiBRE) was evaluated after each back

squat condition.
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Subjects

To establish the appropriate sample size for thudys a pilot study was conducted to
collect data on the peak sEMG amplitude of the mean square (RMS) from the VL
in both conditions. Based on a statistical powealysis derived from these data (RMS
VL EMG), it was determined that twelve subjects Wobe necessary to achieve an
alpha level of 0.05, an effect size of 1.22, anmbaer (18) of 0.80 (12). Therefore, we
recruited fifteen young, healthy, resistance-trdimen (age: 2615 years, height: 173+6
cm, 10RM test at partial back squat: 92.5+24.9 kXQRM test at full back squat:
70.9+23.2 kg and total body mass: 8018 kg, 5+2 yeaexperience with the back squat
exercise) to participate in the study. Subjectsrmagrevious lower back injury, surgery
on the lower extremities, and no history of .injumyth residual symptoms (pain,
“giving-away” sensations) in the lower limbs withthe last year. This study was
approved by the University research ethics commi#tied all subjects read and signed

an informed consent document (#68/2016).

Procedures

Prior to data collection, subjects were asked emtidly their preferred leg for
kicking a ball, which was then considered their dwmt leg (22). All subjects were
right-leg dominant, and the dominant leg was chdsebe analyzed during the squat
exercise conditions. Tests were randomized andtechelanced for all subjects and
experimental conditions. Subjects reported to hafr@ined from performing any lower
body exercise other than activities of daily livifog at least 48 hours prior to testing.

Subjects attended two sessions in the laboratonyinD the first session, each

subject was instructed in the proper back squatiigae for both conditions (partial: O-
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standard instructions regarding technique, andoeserexecution was monitored and
corrected when necessary to ensure no stoppingebatweccentric and concentric

phases for each test. Verbal encouragement wasidpobvto facilitate optimal

performance. After the 10RM load was detefminegafgiven condition, 30 minutes of

(position. The barbell was positioned on the shasldeigh-bar position) for all subjects

and experimental conditions. A rest period of 3@-was provided between conditions.
All measures were performed at the same hour ofiétye between 9 and 12 AM, and
by the same researcher.
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150 Measures

151  Surface Electromyography (SEMG): The subjects’ body hair was shaved at the site of
152 electrode placement and the skin was cleaned Wstthal before affixing the sSEMG
153 electrode. Bipolar active disposable dual Ag/Ag@as electrodes spanning 1-cm in
154  diameter for each circular conductive area witmReenter-to-center spacing were used
155 in all trials. Electrodes were placed on the domirinb along the axes of the muscle
156 fibers according to the SENIAM/ISEKI protocol (1Giuteus Maximus (GM) at 50%
157  of the distance between the sacral vertebrae angrtmater trochanter; vastus lateralis
158 (VL) at 2/3 of the distance between the anteriimafliac and the superior aspect of the
159 lateral side of the patella; rectus femoris (RP@fo on the line from the anterior spina
160 iliac to the superior part of patella; vastus mksii@/M) at 80% on the line between the
161 anterior spina iliac superior and the joint spaeédront of the anterior border of the
162 medial ligament; biceps femoris (BF) at 50% onlthe between the ischial tuberosity
163 and the lateral epicondyle of the tibia; and semdieosus (ST) at 50% on the line
164 between the ischial tuberosity and the medial eqlgte of the tibia; erector spinae
165 (ES) at 2 finger width lateral from the processnagiof L1; and soleus (SL) at 2/3 of
166 the line between the medial condylis of the fenwuthe medial malleolus. The SEMG
167  signals were recorded by an electromyographic adoqn system (EMG832C, EMG
168  system Brasil, Sdo José dos Campos, Brazil) wighrapling rate of 2000 Hz using a
169 commercially designed software program (EMG sysByasil, Sdo José dos Campos,
170  Brazil). EMG activity was amplified (bi-polar diffential amplifier, input impedance =
171 2MQ, common mode rejection ratio > 100 dB min (60 HBin x 20, noise > 5 pV),
172 and converted from an analog to digital signal §it2 A ground electrode was placed

173 on the right clavicle.
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Data analyses

SEMG data were analyzed with a customized Matlaftime (MathWorks Inc.,
Massachusetts, USA). All SEMG data were definedtlmy electrogoniometer data,
characterizing both the concentric and eccentriasphof each repetition. The first
repetition was removed from the data to ensure @ahybadjustment or change in
exercise cadence. The digitized sEMG data were-pasd filtered at 20-400 Hz using
a fourth-order Butterworth filter with a zero lagor muscle activation time doméain
analysis, RMS (150ms moving window) was calculateding the MVIC and the
SEMG data. The SEMG data was then normalized t&Ri¥I& average of the two peak
MVICs for each amplitude and muscle. The RMS anslysas defined from the

average of the first three repetitions for eachddoom and muscle.

Statistical Analyses

The normality and homogeneity of variances witthie data were confirmed by
the Shapiro-Wilk and Levene’s tests, respectivAly2x8 repeated-measures ANOVA
(condition x muscle) was used to measure differeneeRMS. Post-hoc comparisons
were performed with thd&onferroni test.. Cohen’s formula for effect size) (was
calculated, and the results were based on thewlp criteria: <0.35 trivial effect;
0.35-0.80 small effect; 0.80-1.50 moderate effeahd >1.5 large effect, for
recreationally trained subjects (31). Interratdiabality was assessed for the researcher
who positioned and evaluated RMS tracings for alsates and conditions. Reliability
was operationalized using the following criteria® 4 poor; 0.4 - < 0.75 satisfactogy;
0.75 excellent. The ICCs ranged between 0.91 &9l (@xcellent) for all RMS data. An

alpha of 5% was used to determine statistical Bagmce.
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RESULTS

For RMS, there was a significanP<0.001) main effect for muscles and
conditions P=0.044).. The SEMG activity was significantly greai@ the partial
compared to full back squat for the GM (P=0.0041.0:A%=29.37), BF (P=0.009,
d=0.22,A %=11.78), and SL (P=0.031, d=0.2%%=10.85) (Figure 1). No significant
were noted in any of the other muscles studied

There was no significant difference for RPE betwpartial and full back squat

exercise at 10RM (partial: 8+1 and full: 94#230.05).

***INSERT FIGURE NEAR HERE***

DISCUSSION

The purpose of this study was to evaluate the reusdiivation between partial
and full back squat exercise when performed withltad equated on a relative basis.
The main findings of this investigation were thaittb partial and full back squat
demonstrated a similar overall level of musclevation of the quadriceps femoris,
while a higher muscle activation of the gluteus imass, biceps femoris and erectors
spinae was noted in the partial versus full conditi

The squat exercise simultaneously utilizes sevenalcles with different
morphologies (monoarticular and biarticular) in ammer that produces “muscle
coordination” (20, 30). A multi-joint task to stigihen the knee and hip extensors is
more complex for the neuromuscular system as twiasjavork in concert to achieve
the task (32). Also, since some muscles cross ri@e one joint, the complexity
increases compared to an open chain terminal kxte@son or isolated hip extension
exercise (32). During the squat exercise, theres@veral biarticular muscles interacting

including the hamstrings and RF (34). Biarticularsties such as RF, BF and ST have

Copyright © 2017 National Strength and Conditioning Association


rodrigo
Realce

rodrigo
Realce

rodrigo
Realce

rodrigo
Realce


249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

intermediate activation when the muscles have a&tjonaction at one joint and
antagonistic action at the other joint; this iontrast to the high activation seen when
a biarticular muscle works as an agonist for bothtg simultaneously (30). Lombard
(19) suggested that biarticular muscles of the toadremity act in a “paradoxical”
fashion when the movement is constrained or cdettdhamed_ombard’s paradox)it

Is observed with RF, BF, and ST. The extension $&en both the hip and knee is the
result of the differential moment arms of the twostes at each joint and range of
motion. The present results showed higher musdleation for BF in the partial back
squat when compared to full condition, which mayelsplained by the fact that it acts
as a joint stabilizer at the knee and a prime ma¢ehe hip. Additionally, the partial
back squat presents a longer moment arm at therdpknee exactly in the sticking
region, thereby creating a higher hip and kneersaemoment. Thus, the BF muscle
allows for the extension of both the knee and BR) (That said, the absolute activity of
the BF was approximately half that of the quadriceikely due to the antithetical
biarticular actions of the BF during the squat.

In comparison to the BF, the RF has a greater moarem across the knee due
to its attachment at the patella, which createsrang extensor moment at the knee
joint. Considering the present results, the RF sltbsimilar muscle activation in both
conditions. This may represent a higher effect arsete activation during the initial
phase of the back squat movement (between 20° fotBa@n after 90°, corroborating
previous findings by Marchetti et al.(20). Additadly, all muscles may be affected by a
sticking point which is considered a poor mechdrfmae position in which the lengths
and mechanical advantages of the muscles involkediech that their capacity to exert
force is reduced in this region, and where thedifgxperiences difficulty in exerting

force against the barbell (11, 35, 37-39). Cardiredl al., (5) displayed that the higher
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muscle activation during the squat exercise ocatif80° of knee joint-angle position,
which is considered the sticking region.

During the squat exercise, several monoarticularsakes contribute to
movement including the soleus, vasti (lateralisdiaés and intermedius), and GM
(34). The present results showed that muscle aictivaf the VM and VL did not differ
between partial and full back squat condition. Aiddilly, the highest muscle
activation was observed in the partial condition @M and SL. When monoarticular

muscles perform as agonists, their activation galyemcreases as the joint moment

increases (30). Our findings support this theorylhsnonoarticular muscles analyzed
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The ankle complex helps to maintain support andrza during squat exercise
(9, 34). The gastrocnemius has been primarily stuth squat exercise and presents a
moderate level of activation (34). On the otherdhahe SL is a pure plantar flexor,
monoarticular muscle, with an important role maimypromoting balance in upright
tasks. Toutoungi et al. (36) showed that the SL mase active than gastrocnemius at
high degrees of knee flexion. The present studgmiesl a lower muscle activation of
the SL in the full versus partial condition. Thisynbe due to the fact that a higher SL
length caused by the full back squat affects thenteaance of balance (e.g. center of
pressure) and consequently interferes with sEMGemrsEMG-moment relationships
(30, 40) and afferent signals from Golgi tendotevef

Others have also investigated muscle activatioindune squat by comparing
different knee joint angles in the dynamic squadte@isano et al., (6) measured the
relative contributions of GM, BF, VM, and VL musslef ten experienced lifters while
performing dynamic squats at-3 depths (full-defiik, partial, and parallel), using 100—
125% of body weight as resistance. Caterisana éb)afound that during the concentric
phase of the dynamic squat, the GM activation wighen during full-depth (35.4%)
compared to the partial (16.9%) and parallel (28.68tat exercise and that the BF, the
VM, and the VL did not change. The results suggegiat the GM, rather than the BF,
the VM, or the VL, becomes more active in concentontraction as squat depth
increases, however, the external load was the gamle conditions, affecting the time
under tension and the level of muscle activation.

On the other hand, Contreras et al. (7) comparesl ttean and peak
electromyography amplitude of the upper gluteusimas, lower GM, BF, and VL of
front, full, and parallel squats at an estimatedRM; no significant differences were

seen between full, front and parallel squats fbtested muscles. And, Gorsuch et al.,
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(15) measured the muscle activity during partial parallel squats at 10 RM. The RF

and ES activity were higher during parallel squent partial squat condition. In the

present study, the ES presented high muscle activdtiring the partial back squat due
to the forward trunk inclination aiming to conttble center of pressure during the range
of motion.

Other studies have shown superior muscular hyg#nyrowhen squatting
throughout a full versus a partial range of mot{dn 27). The greater cross-sectional
area of the muscles found by Bloomquist (4) maynoee related to time under tension
than the muscle activation. However, without musatgivation data, this remains
speculative. Alternatively, the hypertrophic sup#gty of full squats may be due to
training at long muscle lengths, which has beemwshtm promote greater increases in
cross sectional area compared to training at shartescle lengths (28). Our study is
limited by the inclusion of of healthy, well-traiciénen only, which therefore precludes
the genralizability of our findings to other popiidas. Our sample size was also fairly
small and the study thus may have been underpowerelkntify differences between
muscles and conditions. Finally, weé did not confoslhip and knee angles to create a

more realistic squat performance.

PRACTICAL APPLICATION

Performing the back squat at different depths Withload equated on a relative
basis alters muscles activation of the prime mdgkrteus maximus), and stabilizers
(soleus and biceps femoris). The partial back sqeaterates the highest muscle
activation when compared to full back squat. Alévely, muscle activation of the

knee extensors and knee flexors are unaffectedjimt slepth.

Copyright © 2017 National Strength and Conditioning Association


rodrigo
Realce

rodrigo
Realce

rodrigo
Realce


348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

REFERENCES

1.

Anderson K and Behm DG. Trunk muscle activityr@ases with unstable squat
movementsCan J Appl PhysioBO: 33-45, 2005.

Aspe RR and Swinton PA. Electromyographic antetc comparison of the
back squat and overhead squabtrength Cond Re&8: 2827-2836, 2014.
Blazevich AJ, Gill N, and Newton RU. Reliabiliagnd validity of two isometric
squat tests] Strength Cond Res6: 298-304, 2002.

Bloomquist K, Langberg H, Karlsen S, Madsgaar8&sen M, and Raastad T.
Effect of range of motion in heavy load squatting muscle and tendon
adaptationsEur J Appl Physiol113: 2133-2142, 2013.

Cardinale M, Newton R, and Nosaka3trength and conditioning — biological
principles and practical application&hichester, West Sussex, UK: John Wiley
& Sons, Ltda, 2011.

Caterisano A, Moss RF, Pellinger TK, Woodruff lkewis VC, Booth W, and
Khadra T. The effect of back squat depht on the EAtGvity of 4 superficial
hip and thigh muscles. Strength Cond Re6: 428-432, 2002.

Contreras B, Vigotsky AD, Schoenfeld BJ, BeagsC, and Cronin J. A
Comparison of Gluteus Maximus, Biceps Femoris, ¥adtus Lateralis EMG
Amplitude in the Parallel, Full, and Front Squatigaons in Resistance Trained
FemalesJ Appl BiomeclIB2: 16-22, 2016.

Demura S, Miyaguchi K, Shin S, and Uchida Y.eEfiveness of the 1RM
estimation method based on isometric squat usinigackdynamometerJ

Strength Cond Re®4: 2742-2748, 2010.

Copyright © 2017 National Strength and Conditioning Association



371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

10.

11.

12.

13.

14.

15.

16.

17.

Dionisio VC, Almeida GL, Duarte M, and Hirata RRinematic, kinetic and
EMG patterns during downward squattin Electromyogr Kinesioll8: 134-
143, 2008.

Drinkwater EJ, Pritchett EJ, and Behm DG. Hffgcinstability and resistance
on unintentional squat-lifting kineticsint J Sports Physiol Perfori2: 400-413,
2007.

Elliot BC, Wilson GJ, and Kerr GK. A biomecheali analysis of the sticking
region in the bench predded Sci Sports Exer2l: 450-462, 1989.

Eng J. Sample Size Estimation: How many indiald should be studied?
Radiol.227: 309-313, 2003.

Foster C, Florhaug JA, Franklin J, Gottschall Hrovatin LA, Parker S,
Doleshal P, and Dodge C. A new approach to mongoexercise trainingl
Strength Cond Rek5: 109-115, 2001.

Gardiner PFAdvanced neuromuscular exercise physiologfuman Kinetics,
2011.

Gorsuch J; Long J, Miller K, Primeau K, Rutleds, Sossong A, and Durocher
JJ. The effect of squat depth on multiarticular aheisactivation in collegiate
cross-country runnerd.Strength Cond R&Y: 2619-2625, 2013.

Gullett JC, Tillman MD, Gutierrez GM, and Chaodw. A biomechanical
comparison of back and front squats in health écimdividuals.J Strength
Cond Re®3: 284-292, 2009.

Hermens HJ, Freriks B, Disselhorst-Klug C, dRdu G. Development of
recommendations for SEMG sensors and sensor plateprecedures.J

Electromyogr KinesiolO: 361-374, 2000.

Copyright © 2017 National Strength and Conditioning Association



395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kholer JM, Flanagan SP, and Whiting WC. Musab#ivation patterns while
lifting stable and unstable loads on stable andalnes surfaces.J. Strength
Cond Re24: 313-321, 2010.

Lombard WP. The action of two-joint musclésn J of Physics Educatio®t
141-145, 1903.

Marchetti PH, Da Silva JJ, Schoenfeld BJ, N&8M, Pecoraro SL, Greve
JMD, and Hartigan E. Muscle Activation Differs betwn Three Different Knee
Joint-Angle Positions during a Maximal IsometriccB&quat Exercisel Sports
Med2016: 1-6, 2016.

Marchetti PH, Gomes WA, Da Luz Junior DA, Giaap B, Amorim MA,
Bastos HL, Ito DT, Vilela Junior GB, Lopes CR, aBiey AS. Aspectos
neuromecanicos do exercicio agachameBAQV J5: 1-16, 2013.

Maulder P and Cronin J. Horizontal and vertjcahp assessment: reliability,
symmetry, discriminative and predictive abiliBhys Ther Sporé: 74-82, 2005.
McBride JM, Cormie P, and J.R. D. Isometric agiorce output and muscle
activity in_stable and unstable conditiods Strength Cond Re20: 915-918,
2006.

McBride JM, Larkin TR, Dayne AM, Haines TL, armdrby TJ. Effect of
absolute and relative loading on muscle activityirdy stable and unstable
squattingInt J Sports Physiol Perfors: 177-183, 2010.

McCaw ST and Melrose DR. Stance width and bad leffects on leg muscle
activity during the parallel squd¥led Sci Sports Exei@l, 1999.

McKean MR, Dunn PK, and Burkett BJ. Quantifyitige movement and the
influence of load in the back squat exercis&trength Cond Rest: 1671-1679,

2010.

Copyright © 2017 National Strength and Conditioning Association



420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

27.

28.

29.

30.

31.

32.

33.

34.

35.

McMahon GE, Morse CI, Burden A, Winwood K, addambélé GL. Impact of
range of motion during ecologically valid resistantraining protocols on
muscle size, subcutaneous fat, and strenhtbtrength Cond Re28: 245-255,
2014.

Noorkoiv. M, Nosaka K, and Blazevich AJ. Neuracwlar adaptations
associated with knee joint angle-specific forcengfea .Med Sci Sports Exerc
46: 1525-1537, 2014.

Paoli A, Marcolin G, and Petrone N. The effeft stance width on the
electromyographical activity of eight superficiblgh muscles during squat with
different bar loads] Strength Cond Re&x3: 246-250, 20009.

Prilutsky BIl. Coordination of Two- and One-JoiMuscles: Functional
Consequences and Implications for Motor Contvtor Control4: 1-44, 2000.
Rhea MR. Determining the magnitude of treatmedfects in strength training
research through the use of the effect siz&trength Cond ReB8: 918-920,
2004.

Robertson DGE, Wilson JMJ, and St. Pierre TAwér Extremity Muscle
Functions During Full Squat3.Appl Biomecl24: 333-339, 2008.
Saeterbakken A, Andersen V, and van den TilRaComparison of muscle
activation and kinematic in free weight back squath and without elastic
bands.J Strength Cond R&0: 945-952, 2016.

Schoenfeld BJ. Squatting kinematics and kisetnd their application to
exercise performancé.Strength Cond Re&xl: 3497-3506, 2010.

Tillaar RVD and Saeterbakken AH. Fatigue efegpon sticking region and
electromyography in a six-repetition maximum bemehss.J Sports Sci31:

1823-1830, 2013.

Copyright © 2017 National Strength and Conditioning Association



445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

36.

37.

38.

39.

40.

Toutoungi DE, Lu TW, Leardini A, Catani F, a@Connor JJ. Cruciate
ligament forces in the human knee during rehalititaexercisesClin Biomech
15:176-187, 2000.

van den Tillaar R. Kinematics and muscle atitvaaround the sticking region
in free weight barbell back squ&tinSi 21: 15-25, 2015.

van den Tillaar R, Andersen V, and Saeterbalkkefhe existence of a sticking
region in free weight squat3.Hum Kinet42: 7-20, 2014.

Van den Tillaar R and Seeterbakken A. The stgkegion in three chest-press
exercises with increasing degrees of freedothSirength Cond ReZ6: 2962-
2969, 2012.

Worrell TM, Karst G, Adamczyk D, Moore R, SteyplC, Steimel B, and
Steimel S. Influence of joint position on electraygyaphic and torque
generation during maximal voluntary isometric caantions of the hamstrings

and gluteus maximus muscldsOrthop Sports Phys Th&d.: 730-740, 2001.

FIGURE LEGEND

Figure 1. Mean and standard deviation of RMS EMG in différeack squat conditions

(partial and full). *Means significantly less bewveamplitudes?<0.05.
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