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Purpose: This study aimed to determine whether there are differences in subtalar joint range of motion (ROM) when

using different measurement methods, and to determine inter- and intra-rater reliability of goniometry as used in clinical

setting.

Methods: Subjects were thirty-one healthy males and females (sixty-two ankles) living in Korea. Three raters with

different clinical experiences measured inversion and eversion range of motion of the subtalar joint two times.
Measurements were done with subjects prone (open kinetic chain) and standing (closed kinetic chain). Rater and

measurement methods were based on analyzing differences in range of motion. Intra-class correlation coefficients (ICCs)

were calculated to determine intra-rater and inter-rater reliability.

Results: Mean subtalar jont range of motion for inversion ranged from 9.31° to 11.94° for eversion, it ranged from 6.73°
to 9.20°. The differences in ROM between raters and between measurement methods were significant (p<0.01). The 1CCs

for interrater reliability ranged from 0.02° to 0.20° for inversion and from 0.23° to 0.39° for eversion. Intrarater reliability

ranged from 0.32° to 0.78° for inversion and from 0.45° to 0.73° for eversion.

Conclusion: Subtalar joint inversion and eversion ROM show differences for measurement methods low reliability

between different raters, and low to high intra-rater reliability within sessions.
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Goniometric measurement methods of subtalar

joint movement.
A, B: Open kinetic chain position (prone position). C,D:
Closed kinetic chain position (standing position).
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Table 1. Means and standard deviations of subtalar joint movements

Subtalar joint Inversion Eversion
motion Mean+SD(N=62) (°)
Measurement method Method 1 Method 2 Method 1 Method 2
Mean 11.94+1.62 11.81+2.93 6.73+1.59 8.26+2.43
Rater A Trial 1 12.23+2.07 12.15+3.13 7.03+1.93 8.48+2.77
Trial 2 11.65£1.92 11.47+3.08 6.44+1.78 8.03+2.48
Mean 9.31+3.18 10.39+2.69 9.20+2.53 8.62£3.12
Rater B Trial 1 9.29+3.55 10.23+3.24 9.02+2.88 8.29+3.27
Trial 2 9.32+3.39 10.55+3.12 9.39+2.71 8.95+3.60
Mean 11.81+2.22 9.73+3.01 8.63+2.11 8.77+£2.79
Rater C Trial 1 11.89+2.48 9.95+3.33 8.44+2.26 8.66+3.16
Trial 2 11.73+2.28 9.52+3.02 8.82+2.34 8.89+2.85
Method 1: Open kinetic chain position (prone position)
Method 2: Closed kinetic chain position (standing position)
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Table 2. The differences of subtalar joint range of motion between methods and testers

Inversion Eversion

Subtalar joint motion

Method 1 Method 2 Method 1 Method 2
Measurement method t t
Mean+SD (N=62) (°) Mean+SD (N=62) (°)
Rater A 11.94+1.62" 11.81+2.93" 0.34 6.7311.59b 8.26+2.43 -5.20**
Rater B 9.3113.18b 10.39t2.69b -2.72%* 9.20+2.53" 8.62+3.12 1.18
Rater C 11.81+2.22° 9.7313.01b 5.39** 8.63+2.11° 8.77+2.79 -0.36
F 23.07** 8.40** 23.15** 0.56

Method 1: Open kinetic chain position (prone position)
Method 2: Closed kinetic chain position (standing position)
**p<0.01

a>b (Duncan’s multiple rating)
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Inter-rater reliability of subtalar joint movement

W9, 9

Subtalar joint motion Inversion Eversion
Measurement method Method 1 Method 2 Method 1 Method 2
ICC(2,k) 0.02 0.20 0.23 0.39
95% CI -0.31~0.32 -0.17~0.48 -0.14~0.50 0.08~0.62
F 23.32 9.20 26.37 0.68
p 0.00** 0.00** 0.00** 0.51
Method 1: Open kinetic chain position (prone position)
Method 2: Close kinetic chain position (standing position)
#*5<0.01
ICC: Intraclass correlation coefficient
95% CI: 95% confidence interval
Intra-rater reliability of subtalar joint movement
Subtalar joint motion Measurement method rater ICCq,1 95% CI F P
Rater A 0.32 0.08~0.52 3.90 0.05
Method 1 Rater B 0.69 0.53~0.80 0.01 0.93
) Rater C 0.74 0.61~0.84 0.55 0.46
Inversion
Rater A 0.76 0.63~0.85 6.69 0.01
Method 2 Rater B 0.43 0.21~0.62 0.56 0.46
Rater C 0.78 067~0.86 2.75 0.10
Rater A 0.45 0.23~0.63 6.10 0.02
Method 1 Rater B 0.64 0.47~0.77 1.52 0.22
Rater C 0.68 0.52~0.79 2.77 0.10
Eversion
Rater A 0.71 0.56~0.81 3.22 0.08
Method 2 Rater B 0.64 0.46~0.76 3.23 0.08
Rater C 0.73 0.58~0.83 0.63 0.43

Method 1: Open kinetic chain position (prone position)
Method 2: Closed kinetic chain position (standing position)
ICC: Intraclass correlation coefficient

95% CI: 95% confidence interval
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