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Postural instability can increase the likelihood of hazardous slip and fall accidents in workplaces. The present study intended
to extend understanding of the effect of abnormal neck posture on postural control during quiet standing. The effect of body
fatigue on the postural control was also of primary concern. Twelve healthy undergraduate students volunteered to participate
in the experiment. Standing on a force platform with the neck neutral, flexed, extended, or rotated, subjects’ center of pressures
(COP) were measured under the two levels of body fatigue. For the fatigue condition, Subjects exercised in a treadmill to meet
the predetermined level of body fatigue. Analyzing the position coordinates of COPs, the length of postural sway path was assessed
in both medio-lateral (ML) axis and anterior-posterior (AP) axis. Results showed that, in AP direction, neck extension or rotation
significantly increased the sway length as compared with neck neutral. Neck extension led to greater sway length compared
to neck rotation. Neck flexion did not differ from neck neutral. The sway length in the AP direction also became significantly
larger as the body fatigue accumulated after treadmill exercise. In ML direction, as compared to neutral posture, the neck extension,
flexion, or rotation did not significantly affect the length of postural sway path. However, the sway length seemed to increase
marginally with the neck extended during the fatigued condition. This study demonstrates that abnormal neck posture may interfere
with postural control during standing. The ability to maintain postural stability decreases significantly with the neck extended
or rotated. Body fatigue leads to postural instability further.
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<Table 1> Treadmill Speed, Inclination, and Running Time for
Different Fatigue Levels(ACSM, 2000)

Treadmill Running Treadmill
speed time Inclination
(m/min) (min) (%Grade)
1" Stage
(Rest)
3" Stage
(Fatigue) 1333 10 3.0

<Table 2> Predicted Oxygen Uptake and Energy Expenditure
for Different Fatigue Levels(ACSM, 2000)

Oxygen Total energy Energy
uptake expenditure expenditure/min
(I/min) (kcal) (kcal/min)
1" Stage
(Rest) 0.245 12.25 1.225
3" Stage
(Fatigue) 1.430 71.5 7.150
Amplifier Data

Analysis
S/W
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<Figure 1> Standing Posture on a Force Platform with the
Neck Extended, Neutral, Flexed, and Rotated
(from left to right)
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<Table 3> Neck Posture during Upright Stance with Neck

Flexed, Extended, and Rotated(unit : degree)

Neck Posture Flexion Extension Rotation(left)
This Study 62.20+13.20 60.20£11.20 55.3048.20
Size Korea* 70.17£16.70 69.89+13.64 63.45+12.74

*Range of Motion Data from Size Korea(http:/sizekorea.kr/).
3.1 AH2| M= getk SQU0| &AM

<Table 4>= A U= AP AAE 7oz A
FHAP) W AR 8% 1
Avto|tt, SA|3 Z(Fatigue) T EIHFss; 005 = 11.232, p =
0. 0012)9]’ = X]’H](NCCk Posture) ‘Zr_-f’:_jq'(Fig&- 005 = 11.259,
p < 0.0000)= 27 955 5%(a = 0.05)°1A4 &k
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<Table 4> Two-Way ANOVA Results for the Length of Postural Sway Path in Anterior-Posterior(AP) Axis

ANOVA Table for Sway_Length_AP

DF  Sum of Squares  Mean Square F-Value P-Value Lambda Power
Fatigue_Level 1 .026 .026 11.232 .0012 11.232 931
Neck_Posture 3 077 .026 11.259 < .0001 33.777 1.000
Fatigue_Level X Neck_Posture 3 .005 .002 783 .5064 2.350 207
Residual 88 202 .002
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Means Sway Length in AP Axis(SL_AP)

Rest Fatigue
Body Fatigue Level

<Figure 2> Comparisons of Length of Postural Sway Path in
Anterior—-Posterior(AP) Axis at Different Levels of
Body Fatigue(Error bar indicates standard devia-
tion(s); Unit : m)

{Table 5> Means Table for Sway_Length_AP(Effect : Fatigue_

Level)
Count Mean Std. Dev.  Std. Err.
Rest 48 .196 037 .005
Fatigue 48 229 .069 .010
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<Figure 3> Comparisons of Length of Postural Sway Path in
Anterior—-Posterior(AP) Axis at Different Levels of
Neck Posture(Error bar indicates standard devia-
tion(s); Unit : m)

<Table 6> Means Table for Sway_Length_AP(Effect : Neck_

Posture)
Count Mean Std. Dev.  Std. Err.
Neutral 24 176 .032 .007
Flexion 24 206 .032 .006
Extension 24 255 075 015
Rotation 24 213 .050 .010

<Table 7> Tukey’s HSD Multiple Comparisons for Effect of
Neck Posture in Medio-Lateral(ML) Axis
Tukey/Kramer for Sway_Length_AP

Effect : Neck_Posture
Significance Level : 5%

Mean Diff. Crit. Diff.

Neutral, Flexion -.030 .036
Neutral, Extension -.080 .036
Neutral, Rotation -.037 .036
Flexion, Extension -.050 .036
Flexion, Rotation -.007 .036
Extension, Rotation 043 .036 S

~ 3

< —@— Neutral L

,_]I 28 - - Flexion r

% Extension F

é 26 { —A— Rotation B

= |

T 241 -

_E L

2 21 L

3 |
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§ 18 4 / r

= 16

Rest Fatigue
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<Figure 4> Two-Way Interaction Line Plot for Sway_Length_AP
(Effect : Fatigue_Level X Neck_Posture)
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<Table 8> Two-Way ANOVA Results for the Length of Postural Sway Path in Medio-Lateral(ML) Axis

ANOVA Table for Sway_Length_ML

DF  Sum of Squares Mean Square F-Value P-Value Lambda Power

Fatigue_Level 1 .005 .005 3.585 0616 3.585 450
Neck_Posture 3 011 .004 2.649 .0538 7.946 .624
Fatigue_Level X Neck_Posture 3 .002 .001 399 7537 1.198 125
Residual 88 118 .001

2 2

Is | g . g

i 167 i

Means Sway Length in ML Axis(SL_ML)

Rest Fatigue
Body Fatigue Level

<Figure 5> Comparisons of Length of Postural Sway Path in
Medio-Lateral(ML) Axis at Different Level of Body
Fatigue(Error bar indicates standard deviation(s);
Unit : m)

<Table 9> Means Table for Sway_Length_ML(Effect : Fatigue_
Level)

Count Mean Std. Dev.  Std. Err.

Rest 48 125 031 .005

Fatigue 43 140 042 .006
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<Figure 6> Comparisons of Length of Postural Sway Path in
Medio-Lateral(ML) Axis at Different Level of Neck
posture(Error bar indicates standard deviation(s);

Unit : m)
<Table 10> Means Table for Sway_Length_ML(Effect : Neck_

Posture)

Count Mean Std. Dev.  Std. Err.

Neutral 24 123 028 005
Flexion 24 129 027 .005
Extension 24 150 041 .008
Rotation 24 128 047 010
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<Figure 7> Two-Way Interaction Line Plot for Sway_Length_
ML(Effect : Fatigue_Level X Neck_Posture)
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