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| Abstract |

PURPOSE: The aims of this study were to assess the
intra-tester and inter-tester reliability and validity of hip range
of motion using a smart phone in hip operative patients.
METHODS: Twenty-five patients (eight total hip arthro-
plasty and seventeen femur neck fracture) participated in this
study. The range of motions in active and passive hip flexion,
abduction and external rotation were measured with a
goniometer and smart phone over two times by two observers.
The intra-tester and inter-tester reliability were evaluated
using the intraclass correlation coefficient (ICC2,1). The
validity was measured by Pearson’s correlation coefficient
RESULTS: The intra-observer reliability was good in all
measured items (ICC>0.78). The inter-observer reliability
was high with ICC (>0.90). All correlation coefficients of
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smart phone and goniometer was greater than 0.85 and
showed a significant positive correlation (p<0.01).

CONCLUSION: The range of motion measurement with
a smart phone showed acceptable reliability. Therefore, it
could be convenient and have economical benefits to
measure the range of motion of the hip joint using a smart

phone.
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Table 1. General characteristics of subjects (n=25)
Male(n=6) Female(n=19)
Mean+SD Mean+SD
Age(years) 69.81£9.12 74.11+£10.73
Weight(Kg) 59.93+£3.21 53.54+6.32
Height(cm) 166.54+3.92 151.93+6.64
BMI 21.61+0.82 23.31+£3.42

BMI : Body Mass Index



Fig 1. Goniometer and Smartphone Galaxy S3

Fig 2. Measurement of hip flexion(Left), abduction(middle) and external rotation(Right)
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Table 2. Intra-rater reliability of hip angle measured on smart phone (n=25)
Modality Movement Examine 1 Examine 2 SEM(®)
ICC 95% CI ICC 95% CI
Flx a 0.92 0.81-0.96 0.93 0.83-0.97 3.30
Flx p 0.90 0.77-0.96 0.90 0.77-0.95 2.94
Smartphone Abd a 0.80 0.55-0.91 0.83 0.62-0.93 1.63
Abd p 0.78 0.50-0.90 0.79 0.53-0.91 1.69
ER a 0.91 0.79-0.96 0.91 0.79-0.96 1.49
ER p 0.84 0.63-0.93 0.79 0.53-091 1.58
ICC: Intraclass correlation coefficient, CI: Confidence interval, SEM: Standard error of measurement
FIx: Flexion, Abd: Abduction, ER: External rotation, a: Active, p: Passive.
Table 3. Inter-rater reliability of hip angle measured on smartphone (n=25)
Modality Movement Observer A Observer B
1cC 95% CI SEM(°) IcC 95% CI SEM(°)
Flx a 0.97 0.93-0.99 3.07 0.99 0.99-0.99 3.46
Flx p 0.97 0.94-0.99 2.79 0.98 0.96-0.99 2.80
Smartphone Abd a 0.90 0.78-0.96 1.52 0.99 0.98-0.99 1.60
Abd p 0.95 0.89-0.98 1.67 0.98 0.95-0.99 1.60
ER a 0.98 0.95-0.99 1.46 0.97 0.93-0.97 1.60
ER p 0.98 0.96-0.99 1.18 0.94 0.86-0.97 1.38

ICC: Intraclass correlation coefficient, CI: Confidence interval, SEM: Standard error of measurement
FIx: Flexion, Abd: Abduction, ER: External rotation, a: Active, p: Passive.
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Table 4. Pearson correlation of mean hip angles between smart phone and goniometer (n=25)
Hip joint movement active/passive R
active 0.92%*
Flexion

passive 0.91*

. active 0.87*

Abduction )

passive 0.88*

. active 0.91*

External Rotation

passive 0.85%*

< 0.01

*
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2 3 HAAI(>0.85) 5 H.THp<0.01)(Table 4).
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