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Objective: The aim of this study was to investigate the differences in spatiotemporal gait performance,
function, and pain of lower-extremity according to foot morphological characteristics.

Method: This case-control study recruited 42 adults and they were classified into 3 groups according to

foot morphology using navicular-drop test: pronated (= 10 mm), normal (5~9 mm), and supinated (<4 mm)
feet. Spatiotemporal gait analysis and questionnaires including Foot and Ankle Ability Measure activities
of daily living / Sports, Western Ontario and McMasters Universities Osteoarthritis Index, Lower Extremity
Functional Scale, International Physical Activity Questionnaire, and Tegner activity score were conducted.
One-way analysis of variance was used for statistical analysis.

Results: The pronated feet group showed longer loading response and double limb support in both feet
and increased pre-swing phase in non-dominant feet. The supinated feet group demonstrated a longer
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swing phase in non-dominant feet and single limb support in dominant feet. However, there was no
significant group difference in function and pain of knee joint and lower-extremity between groups.

Conclusion: Our results indicated that abnormal spatiotemporal gait performance according to foot
morphology. Although there was no difference in lower extremity dysfunction and pain according to the
difference in foot morphology, they have the possibility of symptom occurs as a result of continuous
participation in activities of daily living and sports. Therefore, individuals with pronated or supinated
foot should be supplemented by utilizing an orthosis or training to restore normal gait performance.

Keywords: Walking, Overuse injury, Navicular drop, Medial longitudinal arch, Patient-oriented outcome
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(OptoGait, Microgate, Italy)0ll &+0{ S+ Ch(Figure 1).

Assesse(sg ioggilglblllty 1stscreening: Exclusion criteria

1) A history of a fracture or surgery in LE
l—' 2) LE injuriesin the 6 month
3) Balance disorder or neuropathies

Group classification: 4) Tagner Activity Score < level 4

Foot morphological
characteristics

2ndscreening

Difference in foot morphology
between both leg(n = 26)

| |
Pronated feet Normal feet Supinated feet
(n=14) (n=21) (n=7)

!

Investigating self-reported
questionnaire and gait performance

Figure 1. Procedure of the study. LE: lower-extremity
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Figure 2. Navicular drop test during weight-bearing position (a) and
subtalar neutral position (b).
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Table 1. Demographic characteristics of the subjects

KJSB

Pronaied feet Norrrlal feet SupinaEed feet £ 0
(n=14) (n=21) (n=7)

Sex (M:F) 11:3 147 6:1
Age (yrs) 27.29+4.01 27.33+5.18 24.71+£5.68 0.819 0.448
Height (cm) 175.88+8.18 173.33+£8.34 175.97+4.72 0.568 0.571
Body mass (kg) 7591+14.26 72.9+16.58 71.0£10.91 0.2391 0.749
D navicular drop (cm) 1.16+0.11 0.69+0.14 0.32+0.07 122727 < 0.001"
ND navicular drop (cm) 1.24+0.25 0.65+0.15 0.26+0.13 78.287 < 0001
IPAQ (METs-minutes/week) 3823.71+£2158.68 2516.67+2716.76 4968+2611.82 2.821 0.072
Tegner activity score (level) 7.79+148 6.76+1.55 771+1.70 2.193 0.125

Mean = standard deviation
*p < 0.001

D, dominant; F: female; IPAQ International Physical Activity Questionnaires; M: male; METs, Metabolic equivalents of tasks; ND, non-dominant
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Table 2. Differences in gait parameter according to foot morphological characteristics

Side Pronated feet Normal feet Supinated feet F p Post hoc
D 72.8+5.45 70.02+7.27 74.98+5.6 1.807 0.178
Step length (cm)
ND 73.26+5.87 72.0+6.58 75.7+6.22 0.921 0407
D 64.91+0.82 63.62+4.22 62.8+1.86 1.948 0.156
Stance phase (%)
ND 64.81+0.73 63.99+3.15 62.57+2.26 1.228 0.304
D 36.53+3.5 3545+2.11 37.19+1.87 1423 0.253
Swing phase (%)
ND 35.18+0.76 35.58+2.12 37434226 3.782 0.032" SF>PF
D 35.21+0.75 35.15+2.1 37.59+2.39 5.126 0.011" SF>NF, PF
Single limb support (%)
ND 35.95+2.54 3535+2.32 37.28+1.92 1.791 0.180
D 14.85+0.78 14.48+1.92 12.34+2.09 5.709 0.007" NF, PF>SF
Loading response (%)
ND 14.63+0.74 14.23+1.86 12.72+2.16 3.289 0.048" PF>SF
D 14.79+0.73 14.6+1.94 12.96+2.07 3.142 0.054
Pre swing phase (%)
ND 15.02+0.91 14.81+2.13 12.67+1.99 4.550 0.017" NF, PF>SF
D 0.54+0.03 0.54+0.05 0.52+0.02 0.560 0.576
Step time (sec)
ND 0.55+0.03 0.54+0.04 0.52+0.02 1.228 0.304
D 1.35+0.14 1.34+0.21 1.41+0.18 0.345 0.710
Gait speed (min/sec)
ND 1.35+0.13 1.34+0.17 1.47+0.14 2.171 0.128

Mean * standard deviation
*p < 0.05, **p < 0.01
D, dominant leg; ND, non-dominant leg; NF, normal feet; PF, pronated feet; SF, supinated feet

Table 3. Differences in gait function according to foot morphological characteristics

Pronated feet Normal feet Supinated feet F p Post hoc
Gait cycle (sec) 1.08+0.05 1.05+0.13 1.04+0.04 0.615 0.546
Cadence (steps/min) 110.89+4.92 109.42+26.92 115.36+4.82 0.242 0.786
Stride length (cm) 14147£11.99 138.61+12.11 146.54+9.65 1.229 0.304
Double limb support (%) 29.64+1.49 29.09+3.69 2535+4.12 4.556 0.017 NF, PF>SF
Gait speed (min/sec) 1.35+0.13 1.36+0.19 147+0.14 1425 0.253

Mean + standard deviation
*p < 0.05
NF, normal feet; PF, pronated feet; SF, supinated feet

Table 4. Differences in pain and function in lower extremity according to foot morphological characteristics

Pronated feet Normal feet Supinated feet F P
FAAM-ADL (%) 96.54+5.35 95.68+6.18 97.79+4.37 0.379 0.687
FAAM-Sports (%) 94.64+6.97 89.12+15.83 98.98+2.70 2.051 0.142
WOMAC (score) 221239 5.38+11.23 0.86+1.86 1.089 0.347
LEFS (score) 75.86+3.42 73.95+6.56 78.14£3.29 1.792 0.180

Mean  standard deviation
ADL, activity of daily life; FAAM, foot and ankle ability measure; LEFS, Lower Extremity Functional Scale; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis
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