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Abstract

Purpose : The purpose of this study was to investigate the effects of exercise intervention combined with 3D visual feedback
and motion observation on postural alignment and cerebral cortical activity in subjects with forward head posture (FHP).

Methods : The study included 28 participants with FHP, randomly divided into a 3D visual feedback plus motion observation
group (n=14) or control group (n=14). The experimental group received corrective exercise combined with 3D visual feedback and
motion observation for FHP, three times a week for four weeks. We examined cervical spine radiographs in the lateral standing
position with both arms crossed to measure the craniovertebral angle (CVA) and cervical lordosis (CL). Relative alpha (RA) and
beta waves (RB) were measured by wireless dry EEG.

Results : The CVA value was significantly different between the groups, and the CL value was significantly different only in
the experimental group. RA and RB values were not significantly different before and after intervention in the control group. RB
values were significantly decreased before and after intervention in the experimental group.

Conclusion : Based on the results of this study, we suggest that interventions combined with motion observation and 3D visual
feedback may be effective as exercise methods to improve postural alignment and cerebral activity in subjects with FHP. Further

research is required to generalize our results on technical supplementation complemented with 3D visual feedback devices.
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Table 1, General characteristics of the subjects (n=28)
CG (n=14) EG (n=14)
Age (years) 20.21+0.58 21.29+1.93
Height (cm) 166.64+9.39 167.43+8.91
Weight (kg) 66.50+20.32 66.93+16.31
BMI (kg/m) 23.47+4.89 23.55+4.15
CVA (9 46.66+1.03 46.16+2.70

Mean+SD, CG; control group (general exercise), EG; experimental group (action observation +3D visual feedback), CVA;

craniovertebral angle
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Table 2, Exercise programs
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Exercise program Time (min)
) Experimental group Action observation
Education 5
Control group Oral & pamphlet
Warm-up National gymnastics 5
Suboccipitalis !
Stretching Pectoralis &
Latissimus dorsi ﬂ
Main exercise Deep neck flexor m 20
—_—
Shoulder external rotators a;\
Strengthening
Trapezius (middle, lower) m
Rhomboids %
L
Cool-down National gymnastics 5

- \
)

Web camerat3

“Web camera 2

Fig 1.

lateral wiew
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frontal wiew
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Wearable Sensing Inc., USA)E A8-3}1%2 1, 10-20 =4

¥
5

o7 & Areference) ATL 9% ABANT 9.2
FE(A2)0] E25ThKlem 5, 1999)(Fig 2). A%
24> 300 Hz, E2HLE 0.5-50 Hz, 16-bit AD W2k
g2 A AEEe A $ 1202
AR A, SE A, o) AEREY £F Ao 4
247p 1202004 AASIROH, 24 b
2L 24 AT 1029 npu 1025 A9jsh,
10022 BAstech 318 doleE B4 Zzag
DSI Streamer Ver 1.08.09(Wearable Sensing Inc., USA)3}
TeleScan Ver 3.06(Laxtha Inc. Daejeon, Korea)2 ©]-&35}
of & 290 AL Wol Wi 04 By Feifhl W
H(delta)S A A3t & fast fourier transform(FFT)2] il
25 o|g3dte] 450 Hzo uY  AHHEH(power
spectrum)& H-45191e). o]k D FAATE ol A e
oFsah(alpha)e} 91712 MW Ae)erE 9 Auba A4 g
o AAE W YEtu= Wk beta) S Ik o,
M1} HAE Eolal HASHY] fisf A Fuba i
9] Al &utul(relative alpha power, RA, 8-13 Hz/4-50 Hz),
Artl ¥ B}l (relative beta power, RB, 13-30 Hz/4-50 Hz)E
/5'

=
=

el
=

)
5

o oo oSk AN I

1
1
:\
N,
.

;
’l

~ H
———je e

INION

Fig 2. Electro—encephalography
A; Dry Electrode EEG Headset(DSI—24). B; EEG electrode location
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H oA =1 H dlo]El&= SPSS ver. 22.0 T2 13
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& Al & IF W CVAY tﬂi-é v st 2

& AHgstel BAAE stk 71E5AE ol gstel o Tk AFLL 25 A 53441853, 5 T 63.26:6.08%
grrel dubxel E4o) Wy wEAUAE SelstAe  folaA  FERoHE<05), HRie eF A
), ¢-3#E Kolmogorov-Smirnov A4S o]-8&3lo] At 55.69+7.94, &= 5 62.55+4.46=2 §-2l51A =7}st9ich
4 ARE AAS AT dI8AEe] dubA S0 "Rt & (p<05). 5 Wl CLY H®gte ddde & A
AH AAS g5t EYRE A AASGAL. IF 2860:4.09, ©F T 23.15:8372 FO5H gastgo
W = JE i3l SAEE Blasty] §isto] W(p<05), xS 5 A 29.60£748, &5 F
SEE tA-S ARSI, 5 1 ZolE Eelsh| 25.95+8.74% {ro|gt 2tol= gl tH(Table 3). CVAS| &
S5t} EYER 0 Y AU RE AL §2 B A A= AU 9826900, h AT 6859242 1F
SFE o =052 AU 2 9o Aol g9l CLO| &5 AF A AHP
5444724, QIR -3.65£11.052 12 7F S-0|3 xjo]=
AATF
m Z 3
Table 3. Comparison of CVA, CL between pre and post exercise (n=28)
CG (n=14) EG (n=14)

Pre Post Pre Post P

CVA (°) 55.69+7.94 62.55+4.46 .031 53.44+8.53 63.26+6.08 .000

CL (® 29.60+7.48 25.95+8.74 294 28.60+4.09 23.15+8.37 .023

Mean£SD, CG; control group(general exercise), EG; experimental
angle, CL; cervical lordosis

2. =2 A= W3

25 $49) 1 3 W RAL JEZH EC A

5 A 04740.18, 5 T 0.56£0.16°. 2 72|35}
OLHp<05), 71 9]9] Mol 1F 1 &
I AL/} golek AETANE 5 25 fAT A
B 30 B2 2§ ol RbE 4E
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group(action observation + 3D visual feedback), CVA; craniovertebral

(p<05). EX Al FplojA && A 0.18+0.07, &5

0.13£0.052 &J3HA a3k o (p<.05), Fp2oilA]

= A 019+0.08, &5 & 0.14£0.04% 5-2|51A FAa}
thp<.05). 2o = &5 A+ vJUF ol ¢
CHTable 4). RAS| &5 %-5-9] 29
Atk RBO &5 -39 29 & 71— x]-o]‘— EX A
FploflA] tj2<% 0.01+0.03, A -0.05£0.072 525t
Zpol7k  Qlgle Fp2 th&%  0.01£0.05 AL

AR AR— )
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Table 4, Comparison of RA, RB between pre and post exercise (n=28)
RA RB
Pre Post D Pre Post P
Fpl 0.51+0.18 0.5140.14 536 0.1940.10 0.19+0.07 953
Fp2 0.52+0.18 0.55+0.13 487 0.200.10 0.19+0.07 620
. c3 0.5040.17 0.53+0.15 563 0.2140.10 0.20£0.08 825
c4 0.48+0.16 0.53+0.14 291 0.23+0.11 0.200.07 371
Fpl 0.28+0.15 0.24+0.11 285 0.19+0.09 0.18+0.04 847
ca Fp2 0.29+0.14 0.24+0.12 146 0.19+0.05 0.190.06 986
(n=14) = C3 0.38+0.14 0.3240.10 210 0.26+0.08 0.28+0.06 645
c4 0.35+0.13 0.3240.12 355 0.27+0.07 0.27£0.06 832
Fpl 0.25+0.18 0.20+0.18 421 0.14+0.03 0.15+0.03 167
Fp2 0.2540.16 0.1940.12 347 0.1420.04 0.15+0.04 536
= c3 0.3140.15 0.26+0.08 267 0.23+0.09 0.27+0.06 269
c4 0.3340.14 0.2540.11 111 0.25+0.09 0.26:0.05 739
Fpl 0.514£0.20 0.5240.17 768 0.22+0.12 0.20+0.09 292
Fp2 0.52+0.20 0.54+0.17 657 0.22+0.11 0.19+0.09 100
. C3 0.47+0.18 0.56+0.16 047" 0.23+0.11 0.20+0.10 081
c4 0.48+0.20 0.55+0.18 160 0.23+0.11 0.20£0.08 190
Fpl 0.28+0.18 0.23+0.16 340 0.200.10 0.14+0.05 029
EG Fp2 0.28+0.18 0.2340.16 386 0.200.10 0.14=0.06 038
(n=14) 5 c3 0.38+0.20 0.36+0.18 728 0.24+0.11 0.26+0.09 298
c4 0.39+0.21 0.36+0.17 575 0.26+0.12 0.26:0.09 952
Fpl 0.17+0.09 0.18+0.10 968 0.18+0.07 0.13%0.05 027
Fp2 0.18+0.09 0.18+0.10 997 0.19:£0.08 0.14+0.04 013
= C3 0.27+0.14 0.28+0.11 982 0.26+0.10 0.26:0.09 895
c4 0.29+0.15 0.28+0.14 843 0.26+0.10 0.27+0.08 682

Mean+SD, RA; relative alpha wave, RB; relative beta wave, CG; control group(general exercise), EG; experimental group(action
observation + 3D visual feedback), EC; eye close, EO; eye open, EX; exercise
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Table 5. Comparison of RA, RB changes between two groups (n=28)
RA RB

CG (n=14) EG (n=14) P CG (n=14) EG (n=14) P

Fpl 0.03+£0.14 0.01+0.19 .858 0.00+0.07 -0.02+0.07 466

Fp2 0.04+0.16 0.02+0.18 .820 -0.02+0.12 -0.03+0.06 .654

Fe C3 0.03+£0.17 0.10+0.17 372 -0.01+0.12 -0.03+0.06 575
C4 0.05+0.14 0.07+0.17 .805 -0.03£0.10 -0.03+0.07 904

Fpl -0.04+0.11 -0.05+0.20 871 -0.01+£0.08 -0.06+0.10 154

Fp2 -0.05+0.11 -0.04+0.19 .895 0.00+0.08 -0.06+0.10 135

ko C3 -0.06+0.13 -0.02+0.21 .614 0.01+0.10 0.02+0.07 908
C4 -0.04+0.12 -0.03+0.20 902 -0.01+0.09 0.00+0.07 .823

Fpl -0.05+0.18 0.00+0.11 413 0.01+0.03 -0.05+0.07 .022

Fp2 -0.05+0.16 0.00+0.11 353 0.01+0.05 -0.05+0.07 .024

= C3 -0.06+0.15 0.00+0.17 391 0.04+0.10 0.00+0.11 459
C4 -0.07+0.13 -0.01£0.19 378 0.01+0.09 0.01+0.09 998

Mean+SD, RA; relative alpha wave, RB; relative beta wave, CG; control group(general exercise),

observation + 3D visual feedback), EC; eye close, EO; eye open, EX; exercise
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3D AN mlsunt SxpEs o185t 250| MYUHa|XtMel XMl HB tiZA g4z ojxle g8 121



thetseelstz|x| e Mis

V.3 &

B AT 3D A2 wsua SRR AT
% FAF A Ae] A4 AP 2 2
Sof nAe mag dotRmz} stk EaTo] A
CVA Zhe A 23 gxz 55 9517 Z715haa,
CL gol A= Ay ol A fo)a i}ovs 2sict 4

o kel ARl G vAT 4 ek
FHE Fa7h LFtEe AHA FARAL 5ol
Hop @ Avd kevh WRsAW FAuI AT
3D AZA HEue Was SEEA £5eta &
B4 o 5 e Atk 25 AFe|AE 3D A%
4 vl gt 714 B AR thests
s Quiekd 4 gl A7 "as Aow Amsc

Cagnie B, Cools A, De Loose V, et al(2007). Differences
in isometric neck muscle strength between healthy
controls and women with chronic neck pain: the use of
a reliable measurement. Arch Phys Med Rehabil,
88(11), 1441-1445.

Chang CS, Lo YY, Chen CL, et al(2019). Alternative motor
task-based pattern training with a digital mirror therapy

sensorimotor  signal

Neuro, 10, Printed Online.
https://doi.org/10.3389/fneur.2019.01227.

Cheng PT, Wu SH, Liaw MY, et al(2001). Symmetrical
body-weight distribution training in stroke patients and
its effect on fall prevention. Arch Phys Med Rehabil,
82(12), 1650-1654.

Cho SH(2014). The effect of myofascial release technique

system  enhances rhythms

post-stroke.  Front

and forward head posture correction exercise on chronic

tension-type headache. Graduate school of Catholic

University of Pusan, Republic of Korea, Doctoral
dissertation.

Choi YJ, Hwang R(2011). Effect of cervical and thoracic
stretching and strengthening exercise program on

The Journal of the Korea
Contents Association, 11(10), 293-300.

Dayan E, Cohen LG(2011). Neuroplasticity subserving
motor skill learning. Neuron, 72(3), 443-454.

Dover G, Powers ME(2003). Reliability of joint position

forward head posture.

sense and force-reproduction measures during internal
and external rotation of the shoulder. J Athl Train,
38(4), 304-310.

Doyon J, Benali H(2005). Reorganization and plasticity in
the adult brain during learning of motor skills. Curr
Opin Neurobiol, 15(2), 161-167.

Edmondston SJ, Chan HY, Ngai GC, et al(2007). Postural
neck pain: an investigation of habitual sitting posture,
perception of 'good' cervicothoracic
kinaesthesia. Man Ther, 12(4), 363-371.

Fabbri-Destro M, Rizzolatti G(2008). Mirror neurons and

posture and

mirror systems in monkeys and humans. Physiology
(Bethesda), 23, 171-179.

Falla D(2004). Unravelling the complexity of muscle
impairment in chronic neck pain. Man Ther, 9(3),
125-133.

Fairclough SH, Venables L, Tattersall A(2005). The
influence of task demand and learning on the
psychophysiological response.
56(2), 171-184.

Gustafsson E, Thomee S, Grimby-Ekman A, et al(2017).

Texting on mobile phones and musculoskeletal disorders

Int J Psychophysiol,

in young adults: A five-year cohort study. Appl Ergon,
58, 208-214.

Haughie LJ, Fiebert IM, Roach KE(1995). Relationship of
forward head posture and cervical backward bending to
neck pain. Journal of Manual & Manipulative Therapy,
3(3), 91-97.

Hoftun GB, Romundstad PR, Zwart JA, et al(2011).

122 Journal of The Korean Society of Integrative Medicine | Vol.8 No.1



o>

25 Ysls - gay

Chronic idiopathic pain in adolescence-high prevalence
and disability: the young HUNT Study 2008. Pain,
152(10), 2259-2266.

lacoboni M, Dapretto M(2006). The mirror neuron system
and the consequences of its dysfunction. Nat Rev
Neurosci, 7(12), 942-951.

Jung HW, Shin WS, Kim DH, et al(2013). The study on
correlation between the forward head posture and spinal
alignment. J Korean Med Rehabil, 23(4), 195-202.

Kang HJ, Yang HS(2018). The effects of the action
observation and visual feedback convergence exercise
on the alignments, pain and function of forward head
posture and round shoulder posture. Journal of the
Korea Convergence Society, 9(12), 123-128.

Kang HJ, Yang HS(2019). Effects of neck and shoulder
exercise program on spino-pelvic alignment in subject
with forward head posture. J Korean Soc Integrative
Med, 7(4), 265-272.

Kang JH, Park RY, Lee SJ, et al(2012). The effects of the
forward head posture on postural balance in long time
computer based worker. Ann Rehabil Med, 36(1),
98-104.

Kim JS, Choi JH, Lee MY(2017). Effect of self postural
control with visual feedback in the foot pressures in the
subject with forward head posture. J Kor Phys Ther,
29(4), 153-157.

Kim JY, Han KJ(2014). Comparison of the effect of 2D
and 3D action observation on arousal and mirror neuron
activity. JKEIA, 8(4), 109-116.

Kim MS, Chung SW, Hwang CJ, et al(2005). A
radiographic analysis of sagittal spinal alignment for the
standardization of standing lateral position. J Korean
Orthop Assoc, 40(7), 861-867.

Kim TH, Park SB, Ha JH(2009). Differences in the brain
activation patterns during motor imagery and action
observation of golf putting. Korean J Phys Edu, 48(3),
157-165.

Klem GH, Liiders HO, Jasper HH, et al(1999). The
ten-twenty international

electrode system of the

federation. Electroencephalogr Clin Neurophysiol, 52(3),
3-6.

Lee ES, Lee SW(2019). Impact of cervical sensory
feedback for forward head posture on headache severity
and physiological factors in patients with tension-type
headache: a randomized, single-blind, controlled Trial.
Med Sci Monit, 25, 9572-9584.

Lee MY, Lee HY, Yong MS(2014). Characteristics of
cervical position sense in subjects with forward head
posture. J Phys Ther Sci, 26(11), 1741-1743.

Lee HS, Lee GH, Kang SH, et al(2015). Effects of the
home exercise program and exercise program of round
shoulder adjusting on the shoulder height, the level of
trapezius muscle activity and attention capacity for
middle school students. J Korean Soc Integrative Med,
3(1), 91-103.

Mizuguchi N, Kanosue K(2017). Changes in brain activity
during action observation and motor imagery: Their
relationship with motor learning. Prog Brain Res, 234,
189-204.

Paik NJ, Shin JH(2010). Motor learning: Basic concept and
theories. Brain Neurorehabil, 3(2), 57-63.

Ray WIJ, Cole HW(1985). EEG alpha activity reflects
attentional demands, and beta activity reflects emotional
and cognitive processes. Science, 228(4700), 750-752.

Shon MJ, Roh JS, Choi HS, et al(2012). The effect of

through
craniovertebral angle and cranial rotation angle of
forward head posture. J Korean Phys Ther Sci, 19(2),
17-24.

Silva AG, Cruz AL(2013). Standing balance in patients

postural  training action observation on

with whiplash-associated neck pain and idiopathic neck
pain when compared with asymptomatic participants: a
systematic review. Physiother Theory Pract, 29(1), 1-18.

Silva AG, Punt TD, Sharples P, et al(2009). Head posture
and neck pain of chronic nontraumatic origin: a
comparison between patients and pain-free persons.
Arch Phys Med Rehabil, 90(4), 669-674.

Small SL, Buccino G, Solodkin A(2012). The mirror

3D AIZHE| TSt SatpE

mjo

01g

ro
Mo

S0| Mma|xt el XMl B3 =2 M=o olxle g8 123



thetseelstz|x| e Mis

neuron system and treatment of stroke. Dev Psychobiol,
54(3), 293-310.

Sollfrank T, Hart D, Goodsell R, et al(2015). 3D

can amplify motor
cortex activation during subsequent motor imagery.
Front

visualization of movements

Hum  Neurosci, 9, Printed

https://doi.org/10.3389/fnhum.2015.00463.

Online.

Stefan K, Cohen LG, Duque J, et al(2005). Formation of

motor memory by action observation. J Neurosci,
25(41), 9339-9346.

Yaggie JA, McGregor SJ(2002). Effects of isokinetic ankle
fatigue on the maintenance of balance and postural
limits. Arch Phys Med Rehabil, 83(2), 224-228.

Yip CH, Chiu TT, Poon AT(2006). The relation between

head posture and severity and disability of patients with
neck pain. Man Ther, 13(2), 148-154.

124 Journal of The Korean Society of Integrative Medicine | Vol.8 No.1



