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| Abstract |

PURPOSE: This study examined the effects of stabilization
exercises utilizing electromyography (EMG) light feedback
on correcting the forward head posture and assessed the
changes in cervical muscle characteristics.

METHODS: Thirty-one adults with a forward head posture
were divided randomly into two groups. One group
performed stabilization exercises with EMG light feedback,
while the other group performed conventional stabilization
exercises. The cervical angles and cervical muscle characteristics
were measured before and after the intervention.
RESULTS: The results showed no significant differences

or interactions between the groups and over time in CVA and
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CRA. The SCM muscle tone increased significantly over time
in the experimental group, with notable differences compared
to the control group at the mid and post measurements. The
SCM stiftness showed significant time-dependent changes
only in the experimental group. The upper trapezius muscle
tone exhibited significant changes over time in both groups,
with group differences observed at the mid and post-intervention
points. The stiffness of the upper trapezius also changed
significantly over time in both groups, but no significant
differences between the groups were found at any time point.
CONCLUSION: The muscle characteristics showed
significant improvement in the SCM only in the experimental
group, while the upper trapezius improved in both groups, due
likely to the effective activation of deep neck flexors through
EMG light feedback exercises.

Feedback-based stabilization exercises are effective for
neck muscle function recovery and balance, and future
studies should investigate the long-term effects of habitual

posture correction.
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(A: Start, B, C: Finish)
Fig. 2. Scapular retraction.
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Fig. 3. Self-stretch exercise.

Fig. 4. Deep neck flexor strengthening exercise.
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Fig. 5. Electromyography light feedback device.
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Fig. 7. EMG sensor (SCM).
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Fig. 9. Measurement site for the muscle characteristics (A: SCM, B: Upper trapezius).
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Table 1. General Characteristics of the Participants (N =31)
ELG' (n = 16) Control (n = 15)
Characteristics X/t p
Mean + SD Mean + SD
Sex (male/female) 11/5 7/8 1.551 213
Age (year) 36.18 + 8.51° 34.26 + 8.06 1.143 262
Weight (kg) 69.81 + 10.86 64.26 + 10.92 1.417 167
Height (cm) 171.68 + 8.09 168.06 + 9.52 1.236 226
NDI' (score) 20.25 + 2.29 21.06 + 2.37 -974 338
'ELG: EMG light biofeedback group, "NDI: neck disability index
‘meandtstandard deviation
Table 2. Two-way repeated measures ANOVA for CVA (N =31)
Variable SS df MS F p n?
Between Subject
Group .602 1 .602 375 .545 013
Error 46.596 29 1.607
Within Subject
Period 1.208 2 .604 .893 415 .029
GroupxPeriod 1.029 2 514 760 472 026
Error 39.252 58 677

p < .05
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Table 3. Two-way repeated measures ANOVA for CRA (N =31)
Variable SS df MS F p n?
Between Subject
Group 73.032 1 73.032 739 397 025
Error 2866.156 29 98.833
Within Subject
Period 23.394 11.697 2.167 124 .069
GroupxPeriod 5.094 2.547 AT72 626 .016
Error 313.040 58 5.397
p < .05
Table 4. Change in CVA and CRA (N =31)
Variable " Mean = 5D t (p)
ELG (n = 16) Control (n = 15)
Craniovertebral angle (°)
Pre test 52.38 + .63 5225 + 93 468 (.643)
Mid test 5193 + 1.28 5227 + 97 —.832 (412)
Post test 5222 + 95 52.50 + 1.05 —.759 (454)
F (p) 1.061 (.359) .523 (.598)
n? .066 .036
Cranial rotation angle (°)
Pre test 143.99 + 5.51 141.66 + 6.23 1.102 (.279)
Mid test 142.21 £ 5.62 141.03 + 6.17 .558 (.581)
Post test 14293 £ 6.15 141.12 £ 6.56 793 (.434)
F (p) 1.388 (.265) 1.386 (.267)
n? 085 .090
ZELG: EMG light biofeedback group
p < .05
Table 5. Two-way repeated measures ANOVA for SCM (Tone) (N =31)
Variable SS df MS F p n’
Between Subject
Group 98.800 1 98.800 7.688 010" 209
Error 372.673 29 12.851
Within Subject
Period 23.760 2 11.880 13.973 < .001° 325
GroupxPeriod 8.173 2 4.086 4.806 012 142
Error 49.312 58 .850

p < .05
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Table 6. Two-way repeated measures ANOVA for SCM (Stiffness) (N =31)
Variable N df MS F p n’
Between Subject
Group 3918.035 1 3918.035 1.027 319 .034
Error 110615.843 29 3814.339
Within Subject
Period 4810.699 2 2405.350 10.545 < .001° 266
GroupxPeriod 89.813 2 44.906 197 822 .007
Error 13230.401 58 228.110
p < .05
Table 7. Change in muscle characteristics (SCM) (N =31)
Variable n Mean + SD t (p)
ELG (n = 16) Control (n = 15)
SCM' tone (Hz)
Pre test 14.03 + 1.11 15.56 + 3.07 —1.823 (.086)
Mid test 13.01 + 1.52° 14.77 + 2.66 —2.275 (.030)
Post test 12.16 + 1.18° 15.06 + 2.86 —3.625 (.002")
F (p) 17.195 (< .001°) 2.708 (.084)
n? 372 085
SCM stiffness (N/m)
Pre test 233.59 £ 30.52 24493 + 48.44 —.774 (447)
Mid test 223.79 + 30.02 235.66 + 50.34 —.804 (.428)
Post test 213.78 + 24.56® 229.53 + 36.77 —1.411 (.169)
F (p) 9.281 (.001°) 3.096 (.061)
n? 243 .096

'SCM: sternocleidomastoid, 'ELG: EMG light biofeedback group
“significant difference when compared to the pre test (p < .05)
Psignificant difference when compared to the Mid test (p < .05)

*p < .05
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Table 8. Two-way repeated measures ANOVA for Upper trapezius (Tone) (N =31)
Variable SS df MS F p n?
Between Subject
Group 78.408 1 78.408 5.878 022" 168
Error 386.811 29 13.338
Within Subject
Period 42.347 2 21.174 22.769 < .001" 440
GroupxPeriod 2.695 2 1.348 1.449 243 .048
Error 53.936 58 930
p < .05
Table 9. Two-way repeated measures ANOVA for Upper trapezius (Stiffness) (N =31)
Variable SsS df MS F p n’
Between Subject
Group 19359.291 1 19359.291 3.496 072 107
Error 160604.940 29 5538.102
Within Subject
Period 8945.731 2 4472.865 26.953 < .001° 482
GroupxPeriod 524.957 2 262.478 1.582 214 .052
Error 9625.258 58 165.953

p < .05
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Table 10. Change in muscle characteristics (Upper trapezius) (N =31)
Variable : Mean + SD t ()
ELG (n = 16) Control (n = 15)
Upper Trapezius tone (Hz)
Pre test 15.90 + 1.93 14.44 + 249 1.829 (.078)
Mid test 1551 + 1.92 13.23 + 297 2.553 (.016")
Post test 14.40 = 1.50® 12.63 + 2.44° 2.440 (.025%
F (p) 12.085 (< .001%) 11.936 (< .001%)
n? 446 460
Upper Trapezius stiffness (N/m)
Pre test 214.62 + 37.86 182.93 + 54.12 1.889 (.068)
Mid test 207.81 + 37.58 175.06 + 55.78 1.928 (.064)
Post test 186.37 £ 24.09™ 164.20 + 49.45° 1.571 (.132)
F (p) 13.969 (< .001%) 7.098 (.003")
n? 482 336

'ELG: EMG light biofeedback group

“significant difference when compared to the Pre test (p < .05)
Ssignificant difference when compared to the Mid test (p < .05)
*

p < .05
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