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 Forward head posture is one of the most prevalent abnormal postures in patients 

with neck disorders. The aim of this study was to evaluate the effects of forward head posture 

on gait ground reaction force characteristics in children.  

 Twelve children with forward head posture (age: 11.8±1.3 years) and sixteen 

healthy control children (age: 11.7±1.4 years) volunteered to participate in this study. Each 

participant was asked to walk 10 m in six trials with self-selected speed. The ground reaction 

force was measured by two Kistler Force Platforms at a frequency of 1000 Hz. MANOVA 

test ( ) was used for between group comparisons.  

 In the non-dominant limb, the medio-lateral ground reaction force during push off 

phase in the forward head group was greater than that in the healthy group by 22.1% 

(P=0.049). In the dominant limb, time to peak for vertical ground reaction force during heel 

contact (by 13.7%; P=0.015) and push off (by 14.2%; P=0.004), mediolateral ground reaction 

force during heel contact (by 46.0%; P=0.006) and push off (by 15.1%; P=0.039) in the 

forward head group were significantly lower than those in the healthy group. Vertical loading, 

peak positive and negative free moment, and impulses in all axes were similar in the healthy 

and the forward head groups (P>0.05).  

 Overall, the results reveal that gait ground reaction force components (especially 

time to peak for ground reaction forces) in forward head children may have clinical 

importance for the improvement of walking mechanics of these individuals. Rehabilitation 

protocols should be designed to increase time to reach peak ground reaction forces and 

decrease medio-lateral ground reaction force in forward head children during walking.    
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Instruments and examination 

 ὍάὴόὰίὩЎὸ В ὊὭ

  ὊὶὩὩ άέάὩὲὸ Ὂὓ ὓ Ὂ ὅέὖ Ὂ ὅέὖ

 

Statistical analysis 

 

Results 



Gait ground reaction force characteristics in children Jafarnezhadgero, et al 

58 

 

Table 1. GRF of Z, X, and Y axes in different stance phases for healthy and forward head groups. Data are shown as mean±SD. 

d P Groups GRF 

 
Side 

  Forward head Healthy 

0.23 0.504 102.54 ± 20.09 107.72 ± 24.04 FzHC 

Dominant 

0.07 0.833 65.06 ± 18.88 63.63 ± 20.18 FzDF 

0.35 0.321 103.78 ± 23.21 96.50 ± 18.83 Fzpo 

0.21 0.567 3.53 ± 0.99 3.26 ± 1.60 Fxhc 

0.51 0.149 -4.49 ± 1.43 -5.22 ± 1.46 Fxms 

0.17 0.616 -4.95 ± 1.75 -4.65 ± 1.75 Fxpo 

0.12 0.736 -0.0129 ± 0.0058 -0.0136 ± 0.0058 Fyhc 

0.13 0.7̷ 7 0.0195 ± 0.0089 0.0185 ± 0.0073 Fypo 

      

0.65 0.067 96.47 ± 23.74 111.56 ± 22.58 Fzhc 

Non-dominant 

0.09 0.798 65.98 ± 20.87 64.28 ± 17.63 FzDF 

0.40 0.255 104.72 ± 20.45 96.03 ± 22.97 Fzpo 

0.14 0.697 3.00 ± 1.27 3.26 ±  2.32 Fxhc 

0.10 0.783 -4.90 ± 1.72 -5.05 ± 1.35 Fxms 

0.70 0.049 * -4.79 ± 1.43 -3.92 ± 1.03 Fxpo 

0.22 0.533 -17.10 ± 5.48 -18.19 ± 4.56 Fyhc 

0.41 0.243 13.68 ± 2.74 14.89 ± 3.10 Fypo 

* Significance at level p<0.05. 
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Table 2. The time to peak (TTP) of GRF components for healthy and deaf groups. Data are shown as mean ±SD. 

d P Groups TTP 

 

Side 

  Forward head Healthy 

0.90 0.015 * 27.95 ± 4.42 32.41 ± 5.55 Fzhc 

Dominant 

0.70 0.052 59.32 ± 7.70 65.60 ± 10.13 Fzms 

1.08 0.004 * 97.64 ± 13.29 113.87 ± 16.89 Fzpo 

0.43 0.224 7.42 ± 1.63 8.25 ± 2.26 Fxhc 

1.06 0.006 * 31.85 ± 8.02 43.12 ± 13.21 Fxms 

0.76 0.039 * 84.32 ± 16.25 99.40 ± 23.40 Fxpo 

0.66 0.078 19.60 ± 3.19 22.60 ± 5.86 Fyhc 

0.88 0.016  * 109.87 ± 15.33 124.45 ± 17.74 Fypo 

      

0.79 0.028 * 27.83 ± 5.47 31.51 ± 3.80 Fzhc 

Non-dominant 

0.83 0.021 * 58.64 ± 10.12 67.05 ± 10.05 Fzms 

1.05 0.005 * 98.29 ± 14.56 113.89 ± 15.14 Fzpo 

0.00 0.989 9.07 ± 3.10 9.06 ± 2.84 Fxhc 

0.83 0.021 * 58.64 ± 10.12 67.05 ± 10.05 Fxms 

0.97 0.008 * 83.36 ± 17.96 100.87 ± 17.97 Fxpo 

1.18 0.002 * 18.07 ± 4.38 22.83 ± 3.69 Fyhc 

0.92 0.012 * 109.47 ± 15.95 123.77 ± 15.17 Fypo 

* Significance at level p<0.05. 
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Figure 1. Vertical loading in both healthy and the forward head groups (30). 

 

Figure 2. Impulses in dominant (A) and non-dominant (B) limbs and the free moment in dominant (C) and non-dominant (D) limbs in both healthy 

and the forward head groups. 
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Figure 3. mediolateral ground reaction force; Fy: anteriorposterior ground reaction force) and free moment (%BW×Height) in both dominant (A) and 

non-dominant (B) limbs during walking. 

Discussion 










