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Design and Analysis of a Wrist Rotation Module
Prototype for Partial Hand Amputees:
Effects on Upper Limb Movement
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Seoyoung Choi', Wonwoo Cho?, Keehoon Kim

Abstract: Most partial hand amputees experience limited wrist movement, which hinders the efficient
functioning of upper limb, affecting hand-to-use coordination and the usability of the prosthetic hand.
This limitation can lead to secondary musculoskeletal issues due to repetitive compensatory movement
patterns. However, current partial hand prosthetic lack rotational wrist movement due to challenges in
accommodating various hand shapes and limited space. In our study, we proposed a prosthetic hand
with a wrist rotation module for partial hand amputees, aiming to reduce compensatory movement. To
validate the proposed wrist rotation module, we conducted motion analysis during reach-to-grasp task.
Furthermore, during the Jebsen-Taylor hand function test, we evaluated both the effect on upper limb
movement and the usability of the prosthetic hand, comparing configurations with and without the
wrist rotation module. The results showed that the prosthetic hand equipped with rotational wrist
movements reduces compensatory movements and promotes efficient upper limb movement patterns.
This finding highlights the value of incorporating a wrist rotation module in prosthetic hands to
improve upper limb movement for partial hand amputees.

Keywords: Partial Hand Amputation, Wrist Joint, Double Parallelogram Mechanism, Upper Limb
Movement, Motion Analysis, Hand Function, Compensatory Movement, IMU Sensor
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[Table 1] Characteristics of participants with partial hand
amputation

Character Subject
Year/Gender 51 y/ male
Height/Weight 173 cm/ 68 kg
Onset Car accident (2012)
Right side
Amputated side Thumb phalanxes, 2nd phalanxes, 1st, 2nd

metacarpus, trapezium bone

Shoulder/elbow: full flexion/extension

Residual range of Wrist: Flexion/extension 60 deg/40 deg,

motion Supination/pronation 36 deg/30deg
Hand: N/A
Contracture Wrist flexion 55 deg, Hand flexion

N/A: not available
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[Table 2] Characteristics of the wrist joint

Dimensions | Required functions Proposed

Hand (Thumb & Index finger) and wrist joint

Weight (g) 540 500
Wrist thickness(mm) 43.0 44.0
Wrist Width (mm) 63.1 78.2
Functional ROM (°)
Wrist Pronation 65 70
Wrist Supination 77 70
Hand Open 50 90
Hand Close 70 90
Torque: mean (N)
Wrist Pronation 9.0 12.0
Wirist Supination 9.5 7.0
Hand Close 5.0 4.6
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Wrist rotation
module

Wrist rotation module
Linear actuator
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Index finger part Linear actuator

Re-fill ““Thumb part

[Fig. 1] A wrist rotation module (above) applicable to partial
hand amputees and a hand prosthesis (Re-fill V) (below)
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[Fig. 2] Experimental setup for performing the JHFT. (a) A GUI
designed for IMU sensors (MARCH bionics Co.), (b)
attachment location of IMU sensors for measuring trunk and
shoulder joint angles, and (c) attachment locations of SEMG
sensors for measuring muscle activity
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290 THAEE 57883 [Fig. 4], W13 S5(intact) 2
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SHHtrapezius), = (supraspinatus), ZH 3 (middle deltoid),
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[Table 3] Score of JHFT

Intact Amputated (right)
subset

(left) | Without With P/S
1. Writing 27.25 45.22 35.31
2. Card Turning 5.88 120 28.37
3. Small Common Objects | 8.82 120 92.87
4. Simulated Feeding 13.38 106.37 61.22
5. Checkers 6.88 76.97 63.81
6. Large Light Objects 6.19 22.31 19.88
7. Large Heavy Objects 493 25.50 30.00

Total (sec) 73.33 516.37 331.46
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Card Turning Small Common Objects

3

Large Light Objects

[Fig. 3] A participant with an partial hand amputation
performing the JHFT using a Re-fill*! equipped with a wrist
rotation module. The JHFT tasks include card turning, picking
up small common objects, picking up and transferring large light
objects, and picking up and transferring large heavy objects
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JHFT: Range of Motion (deg)
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.80 80 ¢ With P/S
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=20 -20
< 80 80
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Es | =
ESW sty =820 Q]H.HN
- 20~
=720 -20

NODDH LA N DD DL LA

SPFLLFLS SIS

[Fig. 4] Experimental results taken while performing the 7
subtasks of the JHFT. (Above) Normalized SEMG signals of
upper limb muscles: Trapezius, supraspinatus (Supra.), middle
deltoid (Mid Del.), anterior deltoid (Ant Del.), (Below) joint
angles of the shoulder and trunk: Trunk flexion (Tru Fle.),
shoulder flexion (Sh Fle.), shoulder internal rotation (Sh Int
Rot.), shoulder abduction (Sh Abd.)

(sub2)®} 2He- &4 F 3 7](sub3) 2] 73-9- with P/S7} -5 4]
L7} 57kl [Fig. 4(a)).

A 0] -9, B 519 ol A] ATkE=-2 without
PIS7}7H A vERsiTE o7 B R Qd(F=, WIS, 9]
Ayel 45 97] F U7 )(subd) S A1) 3 BE 319 o]l
A without P/S7} 7H -2 22 91-& LFERTE [Fig. 4(b)].

Mo

3.2 W3 A7) B2)

2 A3}

W 37] F2Ee ol 5 A9 WA 1] Fdo] A
S5E B SREJS o 7]Eo w2 A1 489.744.5
mm, AR with P/S= 527.7+8.4 mm, without P/S= 552.4
£11.1 mm= SA A 02 {0l 54| ekt

w1 7] T2 Bkt A7 e} Hkate
&5 o)), A|zke] A IS v stk

£=5-9] 3] 4 (supination/pronation)< THZTS 72.4+37.4°,
with P/S:= 76.5£24.9°, without P/S:= 34.1+12.3°%, thxo}
without P/Si-& W] W 3)& u A1 4] o =2 {2013k o] 7} 2191 T)
(p-value=0.042). ©1712] 739~ thZat-2 ==/ 21710 21.2+15.2°,
/@) o] 10.7+7.7°, U13]7/2] 5] 7 0] 7.744.7° 2 S = A
ok Aebxke] with P/SE] -9, ==/4170] 24.4+11.5°, =/
Q]7le] 10.2+6.4°, H3]7/2]3] o] 9.6+4.2°% SAE AT
Without P/S9] 75, w=/2170] 29.6+14.4°, W7l/e]do]
34.3+15.3°, W3] 4/2] 3] M o] 32.2+14.1°% ZSAHEACE
7} without P/Sarel|A] o171 €17 9 U] (p-value=0.001), U]
3] 7/9) 3] A (p-value=0.048)l| A} EA1 4 07 §-]3k o7}k

A

CM Ratio
Trunk F/E * Wrist P/S

Trunk Rotation Wrist F/E

Elbow F/E 5 dulder Rotation

Shoulder F/E Shoulder Ab/Ad

[Fig. 5] Calculated CM (compensatory movement) ratio for
each joint. A higher CM ratio indicates a greater presence of
CM. The scenario without P/S (represented in blue) shows a
higher CM ratio compared to the scenario with P/S (represented
inred). Flexion/extension (F/E), pronation/supination (P/S), and
abduction/adduction (Ab/Ad)
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