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Objective: The purpose of this study was to analyze the differences in kinematic factors
according to stretching treatment, myofascial release treatment, and static stretching treatment
conditions during squat.

Method: Twelve males with resistance training experience participated in this study.
Participants performed squats without treatment (Pre-Test), and performed squats after
treatment with the myofascial release technique (MRT) and static stretching (SS) on different
days (post-test). Squat movements were captured using eight motion capture cameras
(sampling rate: 250 Hz), and the peak joint angles of the ankle, knee, hip, and pelvis were
calculated for each direction. One-way repeated ANOVA and Bonferroni post hoc analyses
using SPSS 27 (IBM Corp. Armonk NY, USA) were used to compare the peak joint angle of
the lower extremity joints and pelvis among the normal condition (squat without treatment),
MRT condition (squat after MRT treatment) and SS condition (squat after static stretching).
The statistical significance level was set at .05.

Results: It was observed that the maximum ankle joint flexion angle during squats was
statistically reduced under conditions of myofascial release and static stretching (p<.05), in
comparison to the scenario where no stretching was performed. Furthermore, static stretching
was found to enhance the maximum hip flexion angle during squat (p<.05), whereas the
myofascial release stretching technique resulted in the minimal posterior pelvic tilt angle
(p<.05).

Conclusion: Employing myofascial release stretching as a preparatory exercise proved to
be more efficacious in maintaining body stability throughout the execution of high-intensity
squat movements by effectively managing the posterior tilt of the pelvis, as opposed to
foregoing stretching or engaging in static stretching.
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Figure 1. Experiment procedure

1) 22t0|2t7|H (Myofascial Release Technique, MRT)

2 AFoMe A BEo 22 Y0 7[0fsts Yl 7HX|
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Table 1. Muscle-specific myofascial release methods

KJAB

Muscle Starting position

Method Photo

Piriformis Side-lying position

Gemellus Side-lying position

@ The subject is placed on their side with the leg to
be treated flexed at approximately 90° and the
other leg extended.

@ The practitioner palpates Piriformis and Gemellus,
which pass between coccyx and femur, and compress
them with the thumbs of both hands.

® While these muscles are compressed, the subject
relaxes the fascia of these muscles by flexion/extension
and medial/lateral rotation of the hip joint.

@ The opposite leg is treated in the same way.

@ Prepare the subject in a lying position.

@ The practitioner palpates the lateral border of the
rectus abdominis at a point midway between the
subject's navel and the anterior superior iliac spine
(ASIS) with the thumbs of both hands.

@ Palpate the exact location of the Psoas major by
flexion/extension of the hip joint, then apply
pressure to the muscle.

Psoas major Lying position

@ The subject is prepared in the supine position.

@ The practitioner places the thumbs of both hands
on the subject's anterior superior iliac spine (ASIS)
and the medial aspect of iliac crest.

® Palpate lliacus and apply pressure to them.

lliacus Lying position

3. Xt2X 2
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Visual 3D (C-Motion, USA) 2ZEQ|0|E Edf C|o|E Hz| &
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£ 6 HzS HE QA 2K MEE1F EE(butterworth second-
order low pass filteNE AHE3t0] ZE A (filtering) X 2|SHS LY.
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Table 2. Static stretching methods by muscle group

Muscle group

Starting position

Method

Hip joint flexor

One-leg Kneeling
position

@ Get into a lunge position with the knee of one leg
on the floor and the ball of the foot of the other
leg planted on the floor.

@ Move your pelvis forward as far as you can,
stretching the front muscles of the leg with
the knee on the floor.

® After 30 seconds, do the same with the other leg.

Hip joint extensor

Seated position

@ The hip joint of one leg is flexed and abducted, and
the knee joint is bent in a double-legged position
@ The other leg is extended straight behind you.
® Lean your torso forward as far as possible and
relax your hip extensors.
@ After 30 seconds, repeat the same exercise with
the other leg.

Hip joint adductor

4-point kneeling
position

@ Lie on your stomach with both knees on the
floor bend your ankles, knees, and hips 90°
to form a frog position.

@ Move your hips backward to relax the hip joint
adductor.

® Do this for 30 seconds.

Hip joint posterior
capsule

Lying position

@ Lying on your back, keep one leg straight. The other
leg should be crossed over the leg to stretch, so
that the sole of the foot touches the floor.

@ Use your hands to stabilize the leg with the sole of
the foot on the floor.

® The hip joint of the leg to be stretched should be
pressed towards the floor with your body weight.

@ After 30 seconds, repeat the exercise on the other leg.

dof 8 2D AZ XIME 7|ELE AESIRACE £ © B ARUE 3 Al 0|23t M| ZHX|] Z=Z(Normal, MRT, SS)
K POl ek B Xf 2= 2N BoloR ALE3I0, o 2 oix| B 9 ZHho| Wk ¥ 2t HsiE H|wds}y|
AHE =l Al A MK ol 2 utE HIISHALE 2|8l, SPSS 27 AT EQ|0{(Armonk, New York, USA)E AtE}

o

of ol HEEY BAEM(one-way repeated ANOVA)S A

AlStICH EANMCZ |olojst ZatE 2 24 #olS0

Cisi A= Bonferroni At2 2Mg FIIE HA[SHA, A =H
o

S E=1
=
2| XOIE THH2 2 =ol5tAtt 8AY Fel+=2 005

2 Ao B82 AHE FE A| ZHO|A7|H HY A 2
EHo| stX| aFHo| 238 Holo| OiX|& &S &4 2 dHsict
St= Z0|QUCL O|F I8, AFE =¥ M OtFH XHXE X
83X A2 MEJE Normal =72, 2o0|7|ME HE RESULTS
ot & AFEE ST MENE 'MRT' Z7CE, O2|1 HH
AEYE T AYEE S HEIE 'SS ZTHCE HO} 2 A7 AFE SF A 20|27 MRNI EXH AE
RALE E(@SS)0| SHX| 2HHO| 2%t Holo| O FEe &
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Table 3. Defining the local reference frames for lower extremity joints and pelvis

Joints & Segment Local reference

variables Medial-lateral (ML) axis Anterior-posterior (AP) axis Superior-inferior (Sl) axis
+: dorsi flexion +: inversion
Ankle
- plantar flexion - eversion
(e +: extension +: adduction +: internal rotation
—- flexion — abduction —: external rotation
+: flexion +: adduction
Hip
—: extension —: abduction
+: anterior pelvic tilt
Pelvis - -
- posterior pelvic tilt
Table 4. Compare maximum angles of lower extremity joints by treatment method during squats (Unit: ©)
Treatment method
Variables F p
Normal MRT SS
DF(+)/PF(-) 14.15+£3.70 13.74+3.53 12.68+4.42 5.737 010
Ankle joint IV(+)/EV(-) 5.12+1.71 5.50+1.36 745+2.43 0.407 .670
IR(+)/ER(-) -11.98+2.87 -12.51+7.26 -13.13+5.13 0.227 799
Ext(+)/Flex(-) -123.98+6.63 -118.72+9.49 -120.91+6.70 3430 .051
Knee joint Add(+)/Abd(-) 9.43+7.22 10.80+£6.45 8.99+5.31 0.492 618
IR(+)/ER(-) 14.03+11.68 12.45+3.05 21.60+£14.56 3.191 061
Flex(+)/Ext(-) 110.72+£12.92¢ 110.06+11.56° 116.52+12.67b¢ 6.370 007"
Hip joint Add(+)/Abd(-) 23.63+6.76 2454571 25.81+£3.35 2.120 144
IR(+)/ER(-) 11.87£10.59 9.16%5.29 8.38+11.35 2379 116
Pelvis AT(+)/PT(-) -15.64+8.71°@ -7.80+6.22° -12.33+6.09 8.091 002"

Note. Abbreviation. MRT = myofascial release technique, SS = static stretching, DF = dorsi flexion, PF = plantar flexion, IV =
inversion, EV = eversion, Flex = flexion, Ext = extension, Add = adduction, Abd = abduction, IR = internal rotation, ER =
external rotation, AT = anterior tilt, PT = posterior tilt

abe Statistically significant difference at p < .05, 2 = Normal vs. MRT, ® = MRT vs. SS, ¢ = Normal vs. SS,, "p <.05

MSted 2EES XFALEL AFE IS M 7HX| =dE 4 HoME HR 141559 ZEE HOFTH JHE =2 H1=
Yo en, AHE W ™ OLRH MXE HESHK| e =28 Z =5 LEHHCE Ol MRT = i 1374%, SS =
Normal =74, 20|27 HES HES & AFYEE =AW= Ho| WA 1268E EHCI £ $=X|2, 0| kjo|= EAXNoE
MRT =7, 12|10 HY AEYHHS HASH £ AFJEE 3 QO|0|RUCHF=5.737, p=.01]. DL} &2 BEO| LYH/QHH
St SS RS HAISHRALE X LR F/RE ™ ZEo M M =H ALO|0] EAXCE &

Of Ao &4 =d HE AJYE Wl A oFX| HH o[ofst XtO|7¢ LIEFLIX| UCE Ol= ST 2 BQIS0] O
2 SHo] 2FSA QoS Hn 2Men O Aues ATF0IM Aot MX| B0 Qs AA 7S LX| UUS
<Table 4>2F ZiCt &8 ™ol Z&l/® Zt= 0| Normal = 2 oojsict & 2E0| ot 2MoM= ZE EEo X
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