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Objective: This study investigates the influence of femoral and knee torsion angles on toe in-out orientation in adults.

Design: Cross-sectional study design.

Methods: We measured the passive internal and external rotation range of motion (ROM) of the hip and knee joints in 21
participants using a goniometer. Toe in-out orientation was assessed with the GaitRite gait analysis system during slow and fast
walking trials over a 6-meter walkway. Pearson correlation analysis was used to examine the relationship between joint ROM and
gait angle at both walking speeds. Intra- and inter-rater reliability were assessed, and simple linear regression was conducted to

explore these relationships.

Results: Intra-rater reliability demonstrated high reliability (0.84 <ICC < 0.94), while inter-rater reliability (0.44 <ICC < 0.83)
exhibited moderate to high reliability. Significant correlations were found between the hip joint’s range of motion and the gait
angle at slow walking speed. Similar results were observed at fast walking speed for the hip joint. Multiple regression analysis
revealed that the neutral angle of the hip joint (8 =0.660, p <0.001) and the neutral angle of the knee joint (3 =0.284, p =0.034)

significantly contributed to the toe-out angle.

Conclusions: Our findings indicate a significant correlation between the range of motion of the hip joint and toe in-out orientation.
A decrease in the hip joint internal rotation angle was associated with a decrease in toe in-out, while an increase in the mid-angle

was associated with an increase in toe in-out.
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Figure 1. Measurements of (a) hip external/internal rotation angles and (b) knee internal/external rotation
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Table 1. Tester reliability and inter-tester reliability of hip joint and knee joint range of motion tests

Variables Range of motion (°) ICC
Al A2 B1 intra-rator A1-A2 inter-rator A1-B1
HIP external 46.60 +9.16 46.52 £ 10.04 44,76 + 7.67 0.90 0.65
Internal 35.62 +£8.59 36.48 £ 9.83 37.10 £10.07 0.86 0.83
neutral 11.21 +£13.41 8.88 £13.78 8.24 +£15.86 0.93 0.74
KNEE  ¢xternal 23.43+9.29 24.67 £9.28 24.10 = 8.04 0.92 0.77
Internal 18.48 £8.17 18.26 + 8.30 17.33+£7.23 0.94 0.73
neutral 4.95+9.04 6.17 +7.88 6.76 £7.20 0.84 0.44
Table 2. The correlation between joint range of motion and gait angle on slow and fast gait velocity
Gait velocity
Variables Range of motion (°)
Slow (r) Fast (r)
HIP external 46.60 £9.16 0.220 0.256
Internal 35.62 +8.59 -0.511° -0.475"
neutral 11.21 +13.41 0.485 0.498
KNEE external 23.43+9.29 0.082 -0.136
Internal 18.48 + 8.17 -0.027° -0.161"
neutral 4.95 +9.04 0.082 -0.136

1 p<0.05
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Table 3. Regression Analysis Results for Hip and Knee Joint Neutral Angles and Gait Angle

Model Summary

Model R R Square

Adjusted R Square Std. Error of the Estimate

1 .635 404

373 4.28423

Predictors: (Constant), Knee Joint Neutral Angle, Hip Joint Neutral Angle

ANOVA
Model Sum of Squares df Mean Square F Sig.
Regression 484.647 2 242.324 13.202 .000
1 Residual 715.829 39 18.355
Total 1200.476 41

Predictors: (Constant), Knee Joint Neutral Angle, Hip Joint Neutral Angle

Dependent Variable: Gait Angle

Coefficients
Model Unstandardized Coefficients Sé?::;f;i: . Sig.
B Std. Error B
Constant 362 1.031 351 728
1 Hip Neutral Angle 266 .052 .660 5.091 .000
Knee Neutral Angle 170 .078 284 2.193 .034

Dependent Variable: Gait Angle
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