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Handle

handle , grip 
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probe handleDrill

Handle : 

handle 2 ~ 8 level diameter 

(EMG, grip force ), (Cuijpers et al., 2004; Dong et al.,2007; 

Herring et al., 2011; Kong and Lowe, 2005)

Dong et al. (2007)

EMG sensor
Pressure sensor

Kong and Lowe, 2005 Cuijpers, 2004 

Herring, 2011 

Various handle diameters Ergonomic evaluation of scaling hand tool 
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Rogers et al. (2008) grip hand dimension 4 hand

posture 66 hand landmark

3D software representative & scalable hand model 4

posture hand dimension

Hand postures & landmarks (Rogers et al., 2008) Errors between digital and real hand dimensions
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handle (shoulder: 0 , elbow: 90 ) extruded cylindrical 

handle

3D hand model hand dimension

design dimension hand dimension

Handle ( , )
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1. Hand-handle Interface 

2. power grip 

Power Grip p 

3 power grip 

3 hand scan data processing

Hand dimension 

Hand landmark, dimension 

Handle dimension 

Hand handle dimension 

S1. Hand-handle interface 

S2. Power grip protocol

S3. power grip 

S4. power grip 

Handle dimension 

Hand dimension 

Handle hand dimension 

power grip 

30 hand 3 scan casting

Hand scan data post-processing

Static, dynamic hand posture 

Neutral AD/AB

hand dimension

Handle design 
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Hand-handle Interface

S1-1. Handle design dimension 

S1-2. Handle /

S1-3. Hand-handle interface 
Handle

hand-handle dimension 

matching

Handle

/

, , 

, / , , 

S1-4. hand-handle 
Hand-handle 
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Handle Design Dimension

handle 

: , 

‘ ’, ‘ ’ 11
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Handle / (1/2)

Handle handle 4

( 16 , 8 )
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Handle / (2/2)
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Hand Landmarks & Dimensions

Hand handle dimension hand landmark 24 hand-handle

dimension 40 (Greiner, 1991; Hidson, 1991, Lee et al., 2018, Yun, 2013)

Landmark

Tip

DIP joint

PIP joint

MCP joint

PTC

MMC point ( )

DTC

• DIP: Distal interphalangeal

• PIP: Proximal interphalangeal

• MCP: Metacarpophalangeal

• DTC: Distal transverse crease

• PTC: Proximal transverse crease

• MMC: Mid-metacarpal
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Hand-handle Interface

Handle design dimension hand dimension

: tip to DTC/PTC 

: MMC to PIP joint 

: MMC to tip 

PIP

MMC

MCP

DTC/PTC

DIP

Tip

Handle design dimensions Hand dimensions Hand landmarks
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Power Grip Protocol

3D scanning, casting 3

3D hand data post-processing fusion data

Power grip Casting 3D scan Post-processing

Static posture
Straight neutral

Dynamic posture
Wrist neutral 0

Wrist abduction 30

Wrist adduction 20

Otoform casting

3dMD scanning system

Data alignment

Data editing (delete)

Data fusion (merge)
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20~50 small(< 33rd %ile) 5 , medium(33rd ~ 

66th %ile) 5 , large( 66th %ile) 5 (2010 SizeKorea data )

Age: 27.2 8.1 years

Hand length: 177.9 12.3 mm Subject Hand size Hand length Hand width 

S01 L 204.8  86.5  

S02 S 164.3  70.1  

S03 L 184.3  87.1  

S04 M 179.6  81.2  

S05 M 181.0  89.0  

S06 S 163.6  72.7  

S07 M 175.8  81.8  

S08 M 177.7  81.9  

S09 S 168.4  73.4  

S10 L 184.3  85.9  

S11 S 157.5  72.1  

S12 L 193.0  92.1  

S13 S 171.8  75.3  

S14 M 173.5  82.1  

S15 L 189.5  93.2  

Total 177.9 81.6  

(mm)

(mm)

SizeKorea 2010 data (n = 4050)

(n = 15)

182.0 mm

172.0 mm
Small

(< 33rd %ile)

Medium
(33rd ~ 66th %ile)

Large
(> 66th %ile)

n = 5

n = 5

n = 5
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Apparatus
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Experimental Procedure

Orientation

Static hand scanning

1. 

2. 

3. , 

4. Hand landmark 

Shoulder flexion: 0

Elbow flexion: 45

Wrist Ad./Ab.

Ad 20

Otoform

hand casting

Overall hand

Casted hand

Landmark texture 

Scanned hand 

shape 

Posture

Control

Power Grip 

Casting

Hand Grip

3D scanning

Scan Data

Check

Debriefing

7 min.

2 min.

5 min.

2 min. 5 min. 5 min. 2 min.

: 1

shape
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Power Grip Task

casting material power grip 

Casting material (Otoform, Germany) Power grip 
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Hand Grip 3D Scanning

, power grip 3D scanning system

Scan Scan 

Static straight hand Power grip overall hand Power grip inner hand

Scan 
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1. Overall hand casting hand

2. Hand fusion hand data 

3. Fusion hand texture landmark 

Hand Data Processing

S1. Hand data alignment S2. Hand data fusion

Fusion

hand data

scan data scan data

Hand data

scan data sc

scan 

S3. Landmark

Landmark 
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Hand Fusion

Handle 

angle

Wrist

Ad./Ab.
Hand scan data

Hand scan data

(Otoform)
Fusion 

65 Ad 20

45 0

15 Ab 30
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Power Grip 

Hand landmark(.igs) hand fusion data(.ply) landmark 

(with Matlab)

(straight neutral) power grip (Wrist neutral, Ab 20 , Ad 30 ) hand 

dimension 

(Straight neutral) Power grip 
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Power Grip : Static vs. Dynamic

Static posture dynamic posture hand dimension 64.7%~73.9%, 

43.1%~54.4%, 29.9% ~ 36.5%

Handle grip 



Power Grip : Neutral vs. Ab/Ad (1/2)

Wrist neutral (0 ) Ad 20 2.4% ~ 8.4% , 1.9% ~ 8.4% 

Wrist neutral (0 ) Ab 30 2.9% ~ 10.8% , (digit 2 ~ 3) 

2.0% ~ 4.6% , (digit 4 ~ 5) 3.5% ~ 9.5% 

Power Grip : Neutral vs. Ab/Ad (2/2)

Wrist 0 Ad 20 tip to MMC digits 4, 5 1.8%, 3.6% , 

Ab 30 digits 4, 5 2.8%, 6.3%

Tip to MMC (digits 2, 3)

Tip to MMC (digits 4, 5) 0 , Ab 30
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Discussion (1/2)

Hand-handle interface hand dimension 

hand landmark, hand dimension

Handle dimension, hand dimension , 

Handle hand dimension 11

Power grip protocol 

3D scanning casting power grip 

Texture hand fusion data

power grip hand fusion data 

3d scan data post-processing

Digital human model (e.g., template registration)
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Discussion (2/2)

(static straight posture) (dynamic grip posture)

abduction / adduction

(45 ), (0 )

(n = 30)

, , 3 dimension
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Q & A
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