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| Abstract |

Purpose: The purpose of this study was to compare universal goniometry (UG), which is commonly used in clinical practice
to measure the range of motion (ROM) of finger joints with a wearable soft sensor glove, and to analyze the reliability to determine
its usefulness.

Methods: Ten healthy adults (6 males, 4 females) participated in this study. The metacarpophalangeal joint (MCP),
interphalangeal joint (IP), and proximal interphalangeal joint (PIP) of both hands were measured using UG and Mollisen HAND
soft sensor gloves during active flexion, according to the American Society for Hand Therapists’ measurement criteria.
Measurements were taken in triplicate and averaged. The mean and standard deviation of the two methods were calculated, and
the 95% limits of agreement (LOA) of the measurements were calculated using the intraclass correlation coefficient (ICC) and
Bland-Altman plot to examine the reliability and discrepancies between the measurements.

Results: The results of the mean values of the flexion angles for the active range of motion (AROM) of the finger joints showed

large angular differences in the finger joints, except for the MCP of the thumb. In the inter-rater reliability analysis according to

tCorresponding Author : Eun-Kyung Kim (kek74ing@naver.com)



172 | PNF and Movement Vol. 21, No. 2

the measurement method, the ICC (2, 1) value showed a low level close to 0, and the mean difference by the Bland-Altman plot

showed a value greater than 0, showing a pattern of discrepancy. The 95% LOA had a wide range of differences.

Conclusion: This study is a preliminary study investigating the usefulness of the soft sensor glove, and the reliability

analysis showed a low level of reliability and inconsistency. However, if future studies can overcome the limitations

of this study and the technical problems of the soft sensor glove in the development stage, it is suggested that the

measurement instrument can show more accurate measurement and higher reliability when measuring ROM with UG.
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Mollisen HAND A|AELS OFdof] 285} 4= Q1=
Fig. 1. ROM test with goniometer. Ao 2 AT A 2EotdS o A R
Table 1. Measurement method using normal ROM and UG of finger joint
Measure joints & Normal ROM & placement of UG
direction of motion Normal ROM Center fulcrum stationary arm moving arm
MCP flexion of 0~55° Dorsal aspect of the  Above the dorsal midline Dorsal midline of the
Thumb MCP joint of the metacarpal proximal phalanx.
IP flexion of 0~80° Above the dorsal dorsal midline of the dorsal midline of the distal
Thumb surface of the IP joint proximal phalanx. phalanx.
MCP flexion of 0~90° Dorsal aspect of the ~ Above the dorsal midline ~ Above the dorsal midline
2nd ~5th MCP joint of the metacarpal. of the proximal phalanx.
PIP flexion of 0~100° dorsal aspect of the  over the dorsal midline of over the dorsal midline of
2nd ~5th PIP joint the proximal phalanx. the middle phalanx.

ROM; range of motion, UG; universal goniometry, MCP; metacarpophalangeal joint, IP; interphalangeal joint, PIP; proximal
interphalangeal joint
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Fig. 2. ROM test with Mollisen HAND and soft sensors embedded in goloves.
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ZAth. Mollisen HAND A E AMA 243 HFE 2
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3} glojg|2EE B4 e 24 E o). zF En)
o 3808 EAste] BRghe okl A B4 e
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4, Xtz 24

H oJo19o] Al A= SPSS statistics (ver. 26.0, IBM
Corporation, USA)E AH&-5to] FAA & sH3lt) of
AAES) B AHOR AFEES Felalr
W FFHAR 7]Eskleh flojgEs £ E AlA
A2 UGE 243 ROM| 247k Alo] o] Ao
gt AREE oA FuAkehA R ntaclass
AFESEGITE ICC (2, D9
HIFgE 00141 1 Atoe] ke ojulsh 040 w]Rk
“Poor”, 0.400]| 4] 0.6 AFo|&= “fair”, 0.60 4] 0.75 Alo|=
“good”, 0.759]4] 1.002 “excellent’ 2 EF3}o] AlF] %=
£ JLESFCK(Cicchetti & Sparrow, 1981). AL E Al A]
A UGS S7gkell gt E9A] s AR
23} bland-altman plot-S ARSI TE 95% Al H7H
&etgkat shetgk Aol o] ke ojm|sh Fatglol

correlation coefficient, ICC)&

00l 7712, aFgtgholl Al Aatgh Atolof| A gko]
EFEHEA], :ﬂLOﬂ Abkglo] ZpolZro] Hzbolg B

1. ST ChAIRIO] ubEol £
£ Aol Folah At A 6%t ol 490
2 o AL 31.50£5.904], Hat AR 169.95+
10.36ke, Bt AH|52 65.30+15.55cmo| ct. -A|gt =
o oA B @EE o] gltk(Table 2).

Table 2. General characteristics of subjects  (n=10)

Characteristics

Gender (male/female) 6/4
Age (years) 31.50+5.90
Height (cm) 169.95+10.36
Weight (kg) 65.30+15.55

Dominance hand(Lt. / Rt.) 0/10

Values represent mean + standard deviation.

of M2 Avfe By 8 Azol

Mollisen HAND A E XA A7+t UGE o] 83}
o] Q0] QIx|ErtEke] MCP, IP W, & WA &7t
e oAl WA E71=7k2) o] MCP, PIP ¥ 9 53
g ZA% Wity FEEA= Table 200 AlAJH
uke} ek AZE ,1_1/\1 7ro @ =AE ofz)4vlet
ol gk YZ 589541125,
S22 60.10+9.6600] 1L, UGR =43t Bz ¢
Z 56204642, Q2% 5880+8.80% F ZAHMHof| ¢
3} ROM Z1t= vl e 2 2AEY 1 9] &7
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L9z %ﬁ]éﬂﬁﬂq MCP 4 OﬂAi ICC (2, 17061,
[R=E ]§7}F/¥4 MCP o] A] ICC (2, 1)=0.69
FEe HAou ARTRHC)S 9% dAE
7}?494 MCP J&X,_j_% 9.23~0.63, 222 A&7t
O] MCP L 029~0.92& AlZ7E7to] Bl tHTable

Table 3. The mean and standard deviation of the PROM
of the finger joint flexion according to the two

measurement
(n=10)
ROM Measurement (°)
Finger Joint Hand ) Mollisen HAND
Goniometer
System
Lt.  56.20+£6.42 58.95+11.25
MCP
Thumb Rt.  58.80+8.80 60.10£9.66
(Ist) - Lt.  70.70+10.68 69.45+9.10
Rt.  57.95+11.71 74.20£9.61
Lt.  84.00+9.52 70.204£9.06
MCP
Index Rt.  82.20+6.21 67.30+7.44
(2nd) oIp Lt. 101.80£10.72 75.65+9.09
Rt.  100.40+7.93 65.45+4.69
Lt.  86.60+£8.22 72.5049.03
MCP
Middle Rt.  88.20+5.99 69.75+10.66
(3rd) oIp Lt. 102.60£10.24  74.10£9.19
Rt.  102.60+9.61 57.05+7.33
Lt.  75.05+8.04 89.60+8.79
MCP
Ring Rt.  85.80+7.56 66.80+£9.71
(4th) oIp Lt.  105.40+8.48 65.30+3.49
Rt.  106.00+8.74 60.55+8.34
Lt.  91.80+5.84 70.05+8.26
MCP
Little Rt.  90.20+9.01 76.55+11.10
(5th) oIp Lt.  97.20+9.89 49.55+7.98
Rt.  99.40+5.81 48.95+6.36

Values represent mean + standard deviation.

ROM; range of motion, UG; universal goniometry, MCP;
metacarpophalangeal joint, IP; interphalangeal joint, PIP;
proximal interphalangeal joint.

4). 21 &) WA ICC (2, )= 00 77k m5- &
=38 H G tHTable 4)(ICC<0.4).

N
A Iph
2

- 05:_
i3

=

Table 4. Intraclass correlation coefficients and 95%
confidence intervals of the PROM of the finger
joint flexion according to the two measurement

(n=10)

Intraclass correlation coefficients

Finger Joint Hand and 95% confidence intervals

ICC (2,1) 95% CI
Lt. -0.61" -9.23-0.63
MCP -
Thumb Rt. 0.69 -0.29-0.92
(1st) p Lt. -0.03 -5.12-0.76
Rt. 0.25 1.04-0.52
Lt. -0.27 -1.11-0.52
MC
Index Rt. 0.03 0.26-0.50
(2nd) Lt. 0.14 -0.13-0.57
PIP
Rt. -0.00 -0.05-0.16
Lt. -0.03 -0.56-0.56
MC
Middle Rt. 0.01 -0.29-0.49
(3rd) Lt. 0.05 -0.12-0.42
PIP
Rt. 0.03 -0.03-0.26
Lt. 0.09 -0.34-0.61
MC
Ring Rt. -0.08 -0.42-0.45
(4th) Lt. -0.03 -0.07-0.16
PIP
Rt. 0.05 -0.03-0.31
Lt. -0.30 -0.38-0.25
MC
Little Rt. -0.49 -1.66-0.51
(5th) Lt. 0.02 -0.04-0.21
PIP
Rt. 0.00 -0.02-0.08

ROM; range of motion, UG; universal goniometry, MCP;
metacarpophalangeal joint, IP; interphalangeal joint, PIP;
proximal interphalangeal joint.

‘ICC > 0.6



178 | PNF and Movement Vol. 21, No. 2

difference, )9} 95% 22|87 ZH(limits of agreement,
LOA)S 0] &5t TKTable 5)Fig. 3).

bland-altman plote]l A <t Z}Fo]7} 0of 71 717he-
ATE HQl #E2 0 2F A&7 MCP T =
1259] <t Zol5 H itk 95% LOAS| Zol7} 7H
T HES L EF AT IP TR AR
4745, 3L 14952 62.409] & Afo]E H AL
B 2fol= 26,155 vEbiTh 7 AR 95% LOAZ)
Aol Hel PHS 2.2 Arlelete] PP B
ARZEE 66,12, BIRIEES 34772 31359] oS WG
on|, Bt Aol 50455 Lheich 95% LOA] 9]
£ Slofu 2ATHS ekl £712 A 9% 7
E7120nd)o) MCP B, 9% ofA)&vlekdne)
MCP, PIP & o]t}

G0l T ROM A9 - 3

3}37]F(gold standard) FHAFH LS

THWilk et al., 2009). L2{L} 9ol
e} ~ZE Ak
o2 AAE L

L] 0:]:[7_‘_—_ xL

_/}:7]-

ol o
W

2k 9 z]o]

b =T B = =)

Qlth(Park et al.,
WaSE ololdl &3 &)

¢ 2ot

2017).

Table 5. Finger joint flexion according to the two measurements mean difference and 95% limits of agreement (n=10)

mean

95% limits of agreement

Finger Joint Hand . — — difference
difference lower limit upper limit

Lt. 2.75 -29.34 23.84 53.18

MCP
Thumb Rt. 1.25 -18.22 15.62 33.84
(1st) P Lt. 13.80 -25.06 27.56 52.62
Rt. 26.15 -14.95 47.45 62.40
MC Lt. 14.10 -13.35 40.99 5434
Index Rt. 28.50 2.62 32.42 35.04
(2nd) oIp Lt. 14.55 4.99 4731 4232
Rt. 40.10 17.63 52.26 34.63
MC Lt. 21.75 -9.06 37.26 46.32
Middle Rt. 47.65 -4.10 41.00 45.10
(3rd) oIp Lt. -1.30 4.86 52.13 4727
Rt. 16.25 26.61 64.48 37.87
Lt. 14.90 -6.20 35.30 41.50

MC
Ring Rt. 34.95 -5.43 43.43 48.86
(4th) oIp Lt. 18.45 20.45 59.74 39.29
Rt. 45.55 28.51 62.38 33.87
Lt. 19.00 -2.87 46.37 49.24

MC
Little Rt. 45.45 -7.25 4455 51.8
(5th) oIp Lt. 13.65 26.22 69.07 42.85
Rt. 50.45 34.77 66.12 31.35

ROM; range of motion, UG; universal goniometry, MCP; metacarpophalangeal joint, IP; interphalangeal joint, PIP; proximal

interphalangeal joint.
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Fig. 3. A bland-altman plot showing the difference in the mean of AROM by the two measurements.
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