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| Abstract |

Purpose: The purpose of this study was to confirm that the activation of the contralateral muscles changes according to posture
after applying the proprioceptive neuromuscular facilitation leg pattern.

Methods: Ten healthy adults (four males and six females) with no history of current musculoskeletal/neurological injuries were
recruited for this study. Abdominal muscle (transverse abdominis) and hip joint muscle (gluteus maximus and gluteus medius)
activation was assessed using surface electromyography (Ultium EMG, Noraxon Inc., USA). We evaluated muscle activation
during the application of the PNF leg pattern. The data were analyzed using the SPSS version 21.0 program.

Results: The results were found to be statistically significantly different in the 90/90 supine posture and sitting posture for the
gluteus maximus (p < 0.05). The results were found to be not statistically significantly different for the transverse abdominis
according to posture (p > 0.05). The results were found to be not statistically significantly different for the gluteus medius according
to posture (p > 0.05).

Conclusion: Application of the PNF leg pattern resulted in a significant change in the muscle activation of the contralateral
segment according to posture, and the 90/90 supine posture induced high muscle activation of the gluteus maximus.

In addition, the activation of the transverse abdominis was high in all three postures.
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Fig. 1. Application of PNF leg pattern according to posture (A: Supine, B: 90/90 Supine, C: Sitting).
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Table 1. General characteristics of subjects (n=10)

Characteristics Mean+SD
Gender (male/female) 4/6
Age (years) 23.80+4.28
Height (cm) 164.80+6.98
Body weight (kg) 61.60£16.10
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Table 2. Comparison of the Muscle activation among three posture (n=10)
Variable Supine 90/90 Supine Sitting F p
TrA 116.46+72.05 65.88+29.95 87.41£36.20 2.69 0.09
Gined 41.86+24.44 39.26+21.48 36.53+£21.47 0.29 0.74
Ginax 27.48+12.59 36.36+23.28, 19.23+10.16 5.83 0.01

Mean+SD, Unit: %MVIC, 90/90 Supine: knees and hip flexed at 90°, TrA: transverse abdominis, Gmed: Gluteus medius,
Gmax: Gluteus maximus, p<.05

? significant difference between supine and 90/90 supine & sitting

® significant difference between 90/90 supine and supine & sitting

¢ significant difference between sitting and supine & 90/90 supine
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Fig. 2. Comparison of muscle activity in three different postures and muscle activity between
three different muscles in each posture. TrA: transverse abdominis, Gmeq: Gluteus medius,
Gnax. Gluteus maximus

v g At B a5}l Iti(Cirer-Sastre et al., 2om E3),

2782650 oA E-lshe AR 9 4l78EH o] &

= e AR ARt AdRlE di o= PNF o) 7htesa] v S A9 /ﬂ%‘%*éii shatE =
W A& A ARA| &) Haprt Wi S S50 S “WARYEP o] B3 TGk ARAISE AR 5T
7] 22 vizkEd 2E) nXs 9% & QloF AAAEY 25 HIFSFALAL Tl P
o o= uwaAEd ans Hsekal Ho 2y L ol B8l HiE AHA 9] 75 S3E AE
= 93)517] Yt A9 RS AAFFLAF AP A = UTHK(Cirer-Sastre et al., 2017; Lee & Carroll, 2007).
= AAskich ERL, PNF 9813 ARgsto] makesle) avs s
AP ATolA waEd o] avke 254830 417 S 2 AES B S AA| A 2T F
2]-3-9] x3tof| ofsf WithS ARA|of] 23t 750l F 7httte 23S =36k ti(Kang T-W & Jung J-H,



290 | PNF and Movement Vol. 20, No. 2

2020; Kim, 2017; Lee & Lee, 2018). 121} Z} 459
2ol oheFstal A F-6te] wel gt 7
Zo] a5k ghrhs 21 PNE el A3t i
T ao] tiet A=A i7 Q1S HEAdo] 2A
Uebe = itk A& AR ol=dt EAIRE
wolalaAl B Qi RSt Hajol Wsle
Bl mAEU] AU BP0 BEF 5 Uk
At
o] Aol A AAHI} oA TS B WS
o] Bre] S Frhal Husti QUthBe &
Finckenhagen, 2003; Saeterbakken & Fimland, 2013). &
9] Avpol A e ZF AN St whet Hit S &7
T bR AT WSk ATE HojSi)
BhE 8 A4 kR B o -
FEE 905 9] AA|QF oFE AN T 2 2
E5 5ol ALt PNF chelajee A gk
the] o] di) S e S X miet Hol 1ystE = =
ol o3t Ao w Az AP AtolA w7t
o gjno| Baol ujet el BAgll T 4
Hel o] ofFolxl Zgolgt Busk 9l
(Hodges, 1999). & &5+ Aol A HER & AN
£ F/4A) At RE Qgebde] @ © A
ol AZZo] Zo|7t Zdojxl /ffolth(Neumann,
2002). ol2|3k AAIE FABH] fldl BE= el
259 @77} Z7H5) B3 A FL] AL
2 2gakl wtEae] BYEs B b 2o
= yzhEt.

i)Y
il

o oy

r“ ﬂ-[ﬂl F—TL r_?L’
e > w2
ox.

N
Al
i e
:l>i> N
e r
S TR
i i)
» i
rlo )
& =
o g
2 Bt
2 iz

ooz i)

o =
rO
o
&
do
o
RS
1b
2
|o
u
ofx
)
il
N,
rH
(]
)
SO

i,
i)
)
=
%
1%
e
4
H1
¥0,
o
o
i
o,
:CI>I=
1%
Mo
ofy
S
iz o
N,

o AFol A AeelAl chelzt s w oz
22 PAse JPBPY ] 7o
HYAT] Aol H TAE 2 & At

o
o
rir 1,
b

(Powers, 2010, Chmielewski et al., 2007; Earl et al., 2001).
whebA 2 Ae] W) o] Wkt = PNF th2|ofgl
= A8 Al B S oS ARl a7gshA ok
A kS dEaE e s sl St =712
e =Y 7 A2 AARITE EL ofuRt ApAof
WARRIE T T B7IES S35t
seba AyzhEIT.

2
7L YT B, HEEY] A8

- =2

o wEo.z <l gerae] Hhedt EEYol o
oLl FES Y 2B Bl JYBEL oy

Sk 7)== ZS5o]tH(Comerford & Mottram, 2019;
Neumann, 2002; Sahrmann, 2001). & LA z}o)|A] &
E7)30] 99 - FEIE 0% FAA A vi2
&= AHAef oF2 AA|HT & =S Bk oY
e ATe 99 - FETE 0% AT o2 AL
Al Bitf &0 thef S A A Hof 1Ash7] 41 A
A7 FaL 21 Afefoll A PNF thefaffe & 4-8-8h= o
2] ofsf ol LA v Hom F5o] 2|7k
ol 5F 9 M-S 2] fJ3f FE7|Lo] Al
A eSS T AYE Helrh E3h, A Aol A
WAL 2 ok AA 289 A8 #
L5hA] etk ZAIRE AASHL Sl (Kang &
Jung, 2020). & AO] Aol A qhrte] A7]9}F AR
AL EEAA oA 57 BT} 7 WA
LR A91E o2 ZHAIE Bl el ohelol AlS
= SNt Fohe] Frrh wmsi o= Far]ol
2 AGEA k7] wizolet AZtE
e} o] PNF t}e] sl o] #|-g-o] ApA|Hs}o] wh
7120 w7tz S Hstol g
= o A%k o5 FEl S AAlA
PNFE| chejaffdl & #-gste] Wi S w7tz 5
Fe R FA Al HE=RR AAE A8 A

H
—
Fshch, B3, AR 28| 2o] B 9
%

r
tlo o o

%
2
©
K
ox
ot
)
=1
Y
ot
[k
fo
~{
o



THJIEHRH0 M2 PNF CRIIE X&0] B =)

|24 HIOZ200 OIXlE 8% | 291

B o] AR Aol 2 PNF o] 5]
Bl A A Z2HA 2o WakE selst] 37|
|

7k} SRS IskA] AL Holat tAAL)
47} Aol A Untssi7]ol n]Ee Rio] 24
sk,

wehd, §F F4 ALNAE WO 40 BRI
tharo. Aol ThE PNF chelaiele] 2 go] 2y
2ol 4714 wishs A5 AT} o] ol Aok 3 A
o151 2 A HBIE g L THES] A

2 9% AN Bag Aoz AT

oA PNF the]afiel #-8-2 Rith $7Ha27129] 5
= = e RIS mEbA, PNF o2

o AgoA A NS Bl wATH wNE B
PHOR GEG 4 gon] 7 28 FUL A
ApAste] AT o A L2 el el

Sojofd A2 YzH.

References

Beckers D, Buck M. Pnf in practice: An illustrated guide,
4th ed. Berlin. Springer Nature. 2021.

Bemben MG, Murphy RE. Age related neural adaptation
following short term resistance training in women.
The Journal of Sports Medicine and Physical Fitriess.
2001;41(3):291-299.

Bo K, Finckenhagen HB. Is there any difference in measurement

of pelvic floor muscle strength in supine and standing
position?  Acta  Obstetic  Gynecolog ~ Scand.
2003;82(12):1120-1124.

Carroll TJ, Herbert RD, Munn J, et al. Contralateral effects
of unilateral strength training: Evidence and possible
mechanisms. Journal of Applied Physiology.
2006;101(5):1514-1522.

Chmielewski TL, Hodges MJ, Horodyski M, et al. Investigation
of clinician agreement in evaluating movement quality
during unilateral lower extremity functional tasks:
a comparison of 2 rating methods. Journal of
Orthopaedic & Sports Physical Therapy. 2007;37(3):
122-129.

Cirer-Sastre R, Beltran-Garrido JV, Corbi F. Contralateral
effects after unilateral strength training: A
meta-analysis comparing training loads. Journal of
Sports Science and Medicine. 2017;16(2):180-186.

Comerford M, Mottram S. Kinetic control revised edition:
the management of uncontrolled movement, 1th ed.
Amsterdam. Elsevier. 2019.

Criswell E. Cram’s introduction to surface electromyography,
2th ed. Burlington. Jones & Barlett Publishers. 2010.

Earl JE, Schmitz RJ, Armold BL. Activation of the VMO
and VL during dynamic mini-aquat exercises with
and without isometric hip adduction. Journal of
Electromyography and Kinesiology. 2001;11(6):
381-386.

Docherty CL, Amold BL, Zinder SM, et al. Relationship between
two proprioceptive measures and stiffness at the ankle.
Journal of Electromyography and Kinesiology.
2004;14(3):317-324.

Ferber R, Osternig LR, Gravelle DC. Effect of pnf stretch
techniques on knee flexor muscle emg activity in
older adults. Journal of Electromyography and
Kinesiology. 2002;12(5):391-397.

Hindle KB, Whitcomb TJ, Briggs WO, et al. Proprioceptive
neuromuscular facilitation (pnf): Its mechanisms and



292 | PNF and Movement Vol. 20, No. 2

effects on range of motion and muscular function.
Journal of Human Kinetics. 2012;31:105-113.

Hodges PW. Is there a role for transversus abdominis in
lumbo-pelvic stability? Manual Therapy. 1999;4(2):
74-86.

Hortobagyi T, Scott K, Lambert J, et al. Cross-education of
muscle strength is greater with stimulated than
voluntary contractions. Motor Control. 1999;3(2):
205-219.

Jette DU, Latham NK, Smout RJ, et al. Physical therapy
interventions for patients with stroke in inpatient
rehabilitation facilities. Physical Therapy. 2005;
85(3):238-248.

Kang TW, Jung JH. Effect of pnf lower extremity pattern
on selective muscle contraction of the contralateral
lower extremity in healthy subjects. PNF and
Movement. 2020;18(2):255-263.

Kendall FP, McCreary EK, Provance PG. Muscles: Testing
and function with posture and pain, 5th ed.
Philadelphia. Lippincott Williams & Wilkins. 2005.

Kim HG. Comparison of muscle activity in the contralateral
lower extremity from the pnf arm pattern and leg
pattern. PNF and Movement. 2017;15(2):177-183.

Kim HG, Kim G. The effect of arm - leg flexion patterns
of pnf on muscle activation of contralateral lower
extremity. PNF and Movement. 2014;12(3):173-179.

Kim HG, Seo YS. The effect of pnf arm flexion pattern on
the muscle activation of lower extremity by kinematic
chain positions. PNF and Movement. 2015;13(2):
95-102.

Kwak SK, Ki KI, Kim DY, et al. The effects of proprioceptive
neuromuscular facilitation applied to the lifting on
the emg activation of contralateral lower extremity.
PNF and Movement. 2012;10(4):25-31.

Lee M, Carroll TJ. Cross education: possible mechanisms for
the contralateral effects of unilateral resistance
training. Sports Medicine (Auckland, N.Z). 2007;

37(1):1-14.

Lee SM, Lee SY. The effects of contralateral upper and lower
limb and trunk muscle activation during ipsilateral
upper limb d2 pattern exercise. PNF' and Movement.
2018;16(1):151-159.

Manca A, Hortobagyi T, Carroll TJ, et al. Contralateral effects
of unilateral strength and skill training: Modified
delphi consensus to establish key aspects of
cross-education. Sports Medicine (Auckland, N.Z.).
2021;51(1):11-20.

Marshall P, Murphy B. The validity and reliability of surface
emg to assess the neuromuscular response of the
abdominal muscles to rapid limb movement. Journal
of Electromyography and Kinesiology. 2003;13(5):
477-489.

Munn J, Herbert RD, Gandevia SC. Contralateral effects of
unilateral resistance training: A meta-analysis. Journal
of Applied Physiology. 2004;96(5):1861-1866.

Munn J, Herbert RD, Hancock MY, et al. Training with unilateral
resistance exercise increases contralateral strength.
Journal of Applied Physiology. 2005;99(5):1880-1884.

Neumann DA. Kinesiology of the musculoskeletal system.
Saint Louis. Mosby Inc. 2002.

O’Sullivan K, Smith SM, Sainsbury D. Electromyographic
analysis of the three subdivisions of gluteus medius
during weight-bearing exercises. Sports Medicine,
Arthroscopy, Rehabilitation, Therapy & Technology
2010;2:17.

Powers CM. The influence of abnormal hip mechanics on
knee injury: a biomechanical perspective. Journal
of Orthopaedic & Sports Physical Therapy.
2010;40(2):42-51.

Saeterbakken AH, Fimland MS. Effects of body position and
loading modality on muscle activity and strength in
shoulder presses. Jowrnal of Strength and
Conditioning Research. 2013;27(7):1824-1831.

Sahrmann SA. Diagnosis and treatment of movement



XMool 2 PNF CIIME M 0| BiE 2J124 HDE200 OiXiE 3% | 293

impairment syndromes. Missouri. Mosby. 2001.

Shima N, Ishida K, Katayama K, et al. Cross education of
muscular strength during unilateral resistance training
and detraining. European Journal of Applied
Physiology. 2002;86(4):287-294.

Shin SS. The immediate effects of unilateral contract-relax
stretching on contralateral knee extension range -a
preliminary study. PNF and Movement. 2019;17(2):
263-274.





