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Abstract

Biomechanical analysis of normal wrist joint was performed using a three-dimensional rigid body
spring model technique. Ten wrist theoretical models were created from the normal anatomical data
of each of the ten cadaveric wrists. In this technique, the bones are considered to be rigid bodies
interposed by series of springs simulating articular cartilage and constraining ligaments. The carpal
bone displacement and the joint forces were determined under the specific load assuming a grasp
position. Joint reaction forces were calculated according to the deformation of each spring element.
The joint force transmission ratio (%) across the radio-ulno-carpal joint was distributed with 44% at
the radio-scaphoid joint, 31% at the radio-lunate joint and 25% at the triangular fibrocartilage. The
ratio through the midcarpal joint was the highest at the luno-capitate joint. The most important
ligaments in terms of load transmission were the palmar radio-lunate, the dorsal radio-triquetral and
the dorsal scapho-lunate ligaments. In the analysis of the carpal kinematics, the carpal bones in the
proximal row tended to be displaced ulnarly. Therefore, those ligaments are considered to play an
important role in preventing the ulnar translation of the carpal bones. The results derived from the
current theoretical analysis are consistent with other experimental values. Following appropriate
validation, this model and analysis technique have the possibility of direct clinical application.

Key words: wrist joint (FBffii ) . biomechanical analysis (ZE{K&7724/H)fig4fr) . rigid body
spring model ([i{A&/N % EF)L)

I

4 0 e e o m

Ko e e R




FHEA I O®E 4 OKREORBZBEMBRL, £ Hh 5 H
i}

B B 2 2R § 3 LT, FH&H

S
e
&

#x
fe tr 2 fr 5 2 &L WX MY CEETH D . FH
%

il B
I B ) fr 2 ET o R MMHPB % &L TR K HE
@ b5 PARTFTI=U-=-FBHWERKSEZR®DE LLIRAHE
b N T W i &R g il L ™ LU Z N 5
O Mo R >IEE FHREBEESPE XOORE FRAKR
R 50, FRMBMBEGI X XEHRD &EHOL S & ¢
NBE Y 2 FHEEAEEKITBT S NN M E T oo
R E ISR W, F R ER T EHEH O RKNHE I KD
Mo BT 5 MW WY OBEERICK D TFERARAELEE ‘
t o TR ICE T 52 H 0" P22 28 B S ’
O J1 ¥ K R M BE -k B & DOTHE Y 2% @ R
K &8 2 T H D T HE @ ¥ W 0o kR NN A ICHE T B E R
B HENT T b T Wz
A HacdE o =8 =0 2 ¥ 82 =~ O gitnil Bl
Zn 5 BoE oo MBS RET R AR ERE
ST FEESHBMMAENTE TV EH W B GK BT ICK B
FHEB O ERBHIEAPASLLENR TER®

HiE B Lol oy RESteaEN B R RS B8 B

23 Kot ki 2R D FHREEB O T IS XXM

A




T £ < o # B N H - k&

4 [ FOAE LR O E BRKM R D X E K@
O E R E BB T NS FHEES3IXREHBNETINO
% 2 & & 2 . X % O H BKWIE, E & FHE&H o0 @
FH T - R EEITLS I XRTFHEHH ENZX EFT IV E
HE L., 8 2 AW TEH FHES £ 460886 85 5

Zi !

e
S
S
=

B L 8 FEREE OE ine mlait e i

5 2 288w B T,

X &% B X KX H B,

1. 3 Xt B %M FHBHE TN

AW ITE W TR, BAXHEL®FKIFTHREZ2RED R

WIiIE ¥ R SK LERKE 1 OMKOCT W H 5 — % & H iz,

%2 I 2 WTOL3 Rim-AFlH e skaE s E;
CTH & > — 7, BB B Ehelical CT
el Bouded L WaltEi®x 51 2 X 501 @& ~ 8 ema Bosmls

Bl & sis S Sei e mie ms Medical 5 yok ke s 5
L se bins ,ENF S Ue 3L A ) B T 8B 8B &0

KR m o2 Hmok#ickDDHE. B¥ESRHEETXS

# 2 B awm X T 9 A BE LR, T = FEEH

® E 1l mm/sec & L k., ETFT IVEEREOLF ER, B

TR R S TS P S R D TV T ey S B P R L e S R T s e e —

iy S e e




f) 1 kg Br oo £ CT W & 7 I W 5 2 1> F 2 — %

~ T 15p 7 ¢ B P iyl T werd &1 B L e 56 O F —

F & Ay g b 8 B 4 BIANY T 80k BEByR 5
Ve E#R LU B, BT IHVRESEHFEE (T = V) %
FHRH &, BHF BN WP X FRE EMNHID BERK SN
T W3, X, 2CTERHRRIEB W THEHfi z28®RT 3
e 8 L & 2 D OofF BE O RIAET ZFIA4RXT r &

~
o
S
x4
=
=
i

j o int lEne > B E B L 130 & B

X
=
g
R¥

RNAE O3 XKxM&HmET IV (G 2

o

7 B

=
R

e L (B1) ., €TO®K, BHHHOHA
i b A EHE FRESH, RETFFEERK,

F 0k FEFERBESIEEREOCTME

=
oy I

F R H o= E
gL ODHEHRL ., £, RRE LK H 2 E A ERHE

BOm OB X O F R OB OB S MW ECTME

Woe ® ;
B2 AL THEBBLE., ZThs 0B ERA Y ¥aRk
e U & 60 &, &#8A 7 27 RkEEBRYT 2 EHND %
* 2 B< B0 EHKHELE (B2) . E®HRLU AEZBEHM@E IE
EF b EFEFIEERA-N -4 28 =X VL, B E’
i 4 8 (% @ : 2 9, F M : 1 9 ) OB % %
cryo-sectdomal F - X J & |3 KW £ &

AT 5 2 R &ED, 3K FHAMMI¥EME

T D S S S B SR

O STl AR M

V2 HF#HL L (K 3 )




2.3 XK Wl &N X E TN

(Rigid B o dy S pring Model):

& BFogERTOER,E B B B B W3R g 10 d B o dy
& piir {vn g Medel (Bl F, RBSSMO % B v &8
"’ RBSMiIZ B W TIEHEBIZTW A, B & &KFB & O

X £ N £ h E E N

N

g N X &L T ¥ 3 a2 L

e

i3

- 2 g BN 5 . T I

[y
S

5, &f E X (W &) Z

S
A

X D H K &

v
S
N
-~
A
(3

Vi o5 D &R B S s B .

A

!
N

W T ik, -

=
=i
R
-
NS
N
b

K el >8 & i

N OF

|
Sf
&
e
e

SO

0t 0k
w
r
{
o

n s & g %’

&

=
T
v B
S N
w pg cf

Pt
S
=
L
=
S
@

L W fff 58§ N % [T

-
&
e
3
6‘.
=
ﬂ

RVIR PR L - O

Gl
E
~
i
&
S
o
b
o

TR ST T TR S T

|
gl
S
2k

B R O H

)[\_‘\ ) D)

RSt
B
N
=
)
S
RSt
W
),

E B e

S
oRoR Ky
N M
S
B
&

C
R

- G A

o
ot
i
=
=

3.1 N B o £ K
A fE N T X grasp pio § it on & B E L & 1

FREZ2Z7E 8N A8 T IR FEI2E 3 IELDN

T T Y G DR P s D

i

I T T # FF L4 2. 2N 81 VHh 28T 2 56

N EBVEHEFSRBEYNESE LN, BBIVL SN OB T




2 m A =P B B X = AR B (L
TGaEEE Y@ @ Bide 2E262 & 6N ¥ fihmk W] Fizs® 8

T o oo Mo E X, Rk XD EE TN T E EOE B M
g8 B g Eed T TR DT~ REEF
Vi AL, MHERRHMABEL EZE3IXITRBSMMAY 7 b

TJIT7 KT AhE R ZE T k.,

4 . F — 5 B W
A WX TIWE, EHFHEHHSHITB T LU T OH %K N
A E S AL DB CHEWER S E,
£ I W Be & cle ¥ thallg G e 5 J oint Force

Tirfa 'sdm 8 & oo 9T F T )

%23 FTIE & BH @ HMNITBWT 20D HmK, ¥ 05,

g H H TP T BN (BAN:Newton, Pl FN) %,

T O B W g 9 5B oI o®R M (N) T # -
% © 05N

(2 ) Joint Peak Pressure (PFP)

(. 2 P Pefeenlt agt o f Tensile Force

D i st e Dogiod ol i 995 0F B )
% TFDRI F B i M 8 KXOHFMITBY 5288 % O
iR P SR SETTRBLY ; MESEPRIYE W 2 R A NN R %

fl £ 213 &% M o &% o h oK (N) TH#H - = %

@ 0 B,

Ry T R P T S VR TS R N B S T Ve

RS U RS S R IR T A TG

T T R A T e A S Uiy TP T e P SN




F ey, Cla'tipils i B 1-0 B tait.] B 4
Glg #isp lplo.stitilon* 2Bl B L E W BE R & F & 8 B
5% FHBE O 3K THWENMN B XOHEHEKOOMEMZERNL

/C (/) 5 o

(9 B B &% 5 efn X oy e o f Jéo 4% n"} E o fheke
Tri s G678 1 off @9 B T

L EHE AT TS RIFTRZE 1 IZELELE D E. BB
= 9 B8 2.2 BT ECHIIBNITB Y F TS, S BI3ESE ®
B ct44 6%, EEHEARBEHIIB W T3IT £10%
TECT 25 +£5%T®d > k. FEHPF REHITB WT

T, MR K E R N ZEREST27 5%, KA

ﬂ

o Cc k23 +£2%, ARHE HBHBHEHIKB W T34

H

8%, = A F B HE H T16 £7% T H > k.

(56 % slpo ipaot @ Pl @ Beld €uf &1 &)

e F R BE &SP B PP, BEBEAMRKEBBEESETA
3.8+ 0.8MPa, EH ARHBEBIZTEWVW TE2Z2.T7HF
1. 1MPaT ®H D, WHKHHPPE (EFMAHKBKEMH

g
E e B B B &) 1.2 +0.37T H ok, FHRFR

B & 3w TR, MR XEKBESST2.7x£1.06




M Pra., THBRWNEIBORETEISTEY 3R L AMIPSR P o R &
H OB i TWX2.4£0.5MPa, ARAFEBHBAMHICB L
T1.94+0.7MPa, =#4& 46 B H T3 .4+1.35

M REaT B o il 8 2 )

{8 7 Pereen ¥ apg e o f Te n81le F o t:¢ce
Distribution (% TFD)
FHE 8 2 M PB XAXEMIITHETZ2EHE O%TFDIZ

= 3 o mLikE Y EREBTEIRITE DG N EE PR

1]

B # T B kK T26.0+7.9%7TH D 5 A S W
T8 .5 +6.6%, HF R AHEHEHBHEE T8.1+4.3%, /%

R XK ZEZ BB ®EICBWTT7.8+5.9%TH > 7., & M

T T O TR O

T e, VMENELEIIANTENE N BT T S sk T R 4. R B B9,

SR R

R AR &% T12. 8.8 9% H K

o

g:< I TV O N &

B B0R B8N B B ST

(4 ) Carpal kinematics

Grasp positionzzMEL M EFLZFHETFITB I
5% FRAEH O 3 XKW EMNMB X EEIEOBERIZIH 4
BXUO X4 T ERLELD L, BMLFRIITB WTHRAE
EAREBR, RM ./ 2/ 08B0 FEKKZEBEAL T BT,

LA™ L Aad»n s, B ZmIZEL TEMRERER %

U, ARF BT HHEH T 2EMmM2ZED L. ENMNFHRI




T, # FRERIIERRKZE MDD XX BEEKBEM@E
~ L k. 9§92 bB5, M/ EM/ EMLFBENDOE N

gmZ2 &, B HFHITHEALTEEHET 5 6@ E2 B

=
sl

i ra =% =S W 7 8B & 0 0O 8 8 B n

|

42 OB @K FEZ2HWRZBES O BB D ITbHD N ?
TWw 3., HiIZ, 46 - /NBKf@ T® 0D #H M & @ 5 %K
FRESD FE . Bl Tl oW a8 =
e H Wk BB K E BRI XK 2 K OKRBE X B &H

RBSM=x Z 3 ARERIEKZHWIEM®BKFENITDLDHT

Wk inlte it PlRE B E B L8

Nk
Il
Oy
XY
Do

\

ST
=
¥
3

Wiz b0 T b, & 873 3 K

=1
=H
i

T T T PR N Y T R A ) W L TV RS P

wEsT I E B &£ 8 B 8 & 9 & .

E &/
i
e g g
!
%z
=

i
i
oL
[y

0

n DM E R Z2MBEHKE T XL 3 kK H

g

W = B ¥ UL, 571 2K B &2 7 o & ,

et

P
& | O&F

F B fi &

WL, 3 XTIV ZE HWREH OB @ K F K H

fig HT T H B .

S hitio &£ 135 3% B e, @b G35 §uia e sensitive
filmz W kEREERIZBW T, 5% FREBH B
FOREBFRERICB T 2 K 56 K3 EF H RS




i T50% , & B B Y EH S T29% . TFCIZ B
< B B e fectihie B W CHEN B rlak s B
iofn d ulciv 6 Haubwie r sendoxr & FH L = @
X BR T, o /mTEE MNRBESG TS0,
AR B & T35 %, TFCIZB WTI1S5S % 7T dH o 7
L TWwad., 8OO HEG MK MHKTITEKE DB S N &

i, wE MR BEBE S T44 %, BHE AR BEH B

fk
158
&
ok

%)

g 1 % ;o TECYTT 2% T & b w1 % &t & 2 A T &

X BRE BT = BT B3BL50 T o oo, =
Micegads & 8" gy b el studt ¢ 8 ein 8 i3
filmzZ 8 W EZ2R XD, FR& B H O K B
ki, AR XK ZE®NZE KBS T24%, M RE

1]

hicy

i TR24%, AR EAEEHEHIZTBENL T332 %,
91 B i T20 % T &H > k &M EL T W 3B, XK B
2V B hEhvar i E m B Rk Sl B 8
27 % , MR FH OEHOBE S T23%, AREFEEMHI
TS AR | JE 4 Fren B o Brlde % e d o akl.g Yo
DR B Viegas 527 0oEFRBRMEEEFIE - K
S W Ho LN BRSO REORE R BRSO
B . B8 @ 2L R_RI A ERDBD TS BLEX

X
FTHBEHM BT OOZTOKEBREIT+HIE BN OB 2
#

Y
UV
-
ﬁ"

i

B

o

O o

3 F o

SV - SO N =S5 B N R Nl < < I RSB A TR = ~ S R < S 2 Wy G = G

€

fii
%]

JY

S

B ——————

R P e T A R R S ST I T

T ——

T N YT




w

4
15

710

]

5
B

1

B0

H

V)

oo ¥ Ml TR BEE AR A, & MTIIZ
Wi N h EFHIT R EERWY T H B EE

FE B P Okimematics & 8 & & A &

!

R EF & AREBEIEF I L TRMAIZZE
f 0SSN N &Y R B B o A e o
et i WG I= 9ok B B B B L O B

OEfTOMEFEREEHRID, TS5 00H

e

PXOARE ORMANOZE M ZE B < # K

= IF

ORGSR A TS IS MRl R e 15 5

S

" FREPHE I ARE B ITTARE O R M

< @B & 2 L TR D, BKKWIZTY EET b 3

T W3, Blevens s ?’ 3, B K=ERI

" F R v OO BEICX D, THEHEORMZE

ol WO e R B S T R N T e o @SR RE B

FHRHB W O U B B I2XDFHEHBEORMZ
L

5 N 7= & W&

volar intercalated segmental

bility (VISI) B T % % B K W X &
fl =/ =AY O %K EEM®EICDOVTH
5, 2N 5 0 F BHEHH W ICHET 5 E KK

gt K R 1 S | oo B oK MR RE R
i

BB ®Okinematics |2 B 9 % % B KM HF %

S
I

AN
O

=F
o W

O
S

R
&

(VAN
B

(VAN

W lle € W S5 W T W N

in -
R X
& U
Ea

o B

x %

s

S T e SRR

T T




Xt

{12

S a8 £ Oad o tag 4

X

4

ir
4
UE

3
5

‘z“\

o R T & B0 A i3nd e s

>

i

Iz

O

Jitl

(.

R EE RSl @d o, sl len

B

Wz

el

4]
%

Nn

i)

%32

o)

KO ERBIICMES BbDODOTdIH, —FO
B 6 khim egmpa tiec 1 B W T 0 =

B b O BH LS TR AW, £ %K

N

B ™ ETIITED HE B £ ICB

J
m T
-

g rasp position% M F

e
S
S

%
T B2 F ® 3 X wkinematics
g

N
[

N E BE T H o 2. X B WK K R
Z 8 W T, &8 F BB F R M % {4

s G ol i S, BRE B

=iy

RE BTEH, AREFIEHEIT 2 #E /@M
Kauvers '’ @G, 0 AREBZERE
< B W2 E LT B0 ZE] K
CE WX ARBERIEHRHT BMEMDN D
T W B ¢ Lins ethe i denrt & 'alEn
HIZCHRE 2E2HEH 83 & 5 F Hh =
R EHolTW B s @ BoHFEE T,
kinematie sl B9 s & R 257
HEEBEBECTBITI>HESLSHETIZ
intercala

i & tga By dgloist 3 & DL B g

& S frn Ny IGE W B S ®ig A5 BRI TET . B BT 1R -0

PWU o2& FTHRABEM, Hik &L dHKOOMHE

x W

ZF B
i SN

o B

N
FHF A

=
It

i
oy

N
(3

Sug
Ny

B
¢t [

F K

[




~ L, &EF R BFRIEMNTENLT 2EMmMZRD L. Z
nNikEm FRINWOFHREDYRMENMNT 2 8MDBH D

) T kK o o KR T H B Ih 65 0 B KD AL

F Ao e Mol b B F RN & T KLU 2 — KR

M & UL T & 6 2 5 2 &2 BBET B & % & B 8 E

F B i o @ OH E N R LT, &9 F8 %%

WA EE B L UVOREDZSZHEOBH W ITEXKD FEK SN
THE D, £< Of¥ ¥mMic @M /NBBEEG™ELET S ;
L ET R B by & B 5 W F B i 0w KR S F R I
%o h®EWMHBEITDODWVWTO B ZIT S5 KEITIE Z N
5% < O BEE BEXUOWHOKNMNE EHKAEL TS
N E T LA L, B ATOXBRKBEREIS L t
T & FH Lo W # 2 5 I8 h @ RN A R BE ’d
W 3R 5 N T W S | o 3 X ot B @ B g A i, %
E W 72 @ E ¥ T T I H D

€
., FTHEH&H 2 KB
2 B i B X X W o B ho W & F R A
A

| B I fr 5 2 & N

TR TH D, MLKOERKPFERICS B FHELEOH :
Bz w BT 52 &NAHMBTH-> EEEZX BN B, L
5 M %L AE3IKkTFHESGET IV ICE S N ¥HM :
B R B EORKERO F - F & bR HELT
B Y F#® FBEHSIKCPBYT 2 M@BHKHITHE N TE T 2 IE ;
w0 BT B B O EEISLSENE., LML, WHRE




B W TR E B IO 0 M MEMEERIER TR
E B L E W T WE DS O EE AB S W & 8
S %, AT 5T I EHFEBERKREOMBFIT DI i el
ol M 2 © ® B I B T 2 @ 0l %28 B XY K E
MY B3 F 5 & &8 A A i Bt E T B B R & B R
O Ok E T BN EDN DD ¥ sk B I Zn b
e & B E, AT TNVEFHEOR KO ZTB W
b, B A OB M F OBEH K BITHT e @t S T >
> Z I HBEWwW B EN AR D EE XD

S
1 . 3 XKkt &N T T IV E2HWT, [EH F KM M@
B s h WM ZET - .
2 . EHE FTHRHREH B IOREBFRERICEBT S K
N o, BEEMREST4I4%, BE A RBEBEEH K

BT 3 1%., TECT25% T H v S F R BB
BwuwlE Ly B REE N ZEFE BEETIRT % A K
WO OE T HE 23%: -BAE @B WITIIM %o,

1 & ) B i T 16 % T & o 7=,

3.8 H o ® AN MF, EMTRERS AR W,

bR

N

it

|

e P S S Y .

!

Bl e e e




Ml T I3 EE = A8 % I2PHB W THEKXKT D, T s 0
£

B o N F % F BEH i I BWwW T h %28 I & & H E

o
w»
N

= B bk v S B E O kinemati

Ay
I
N
JY
o>
A

- &V, e MERMAERE B ETARE OR

Mo~ %R BB < MR E EHS TWBEE LS
n
4 . A E R FHG BT 54 0 3 KT EHMMIE S
B THBH. SEHEBNE KRS EOERSB XU
WK S - & & b A HELTBD, AT FIEML
FHAWBE I A CEBEREOB T 250 &%E L5 ’
n 7 %
Bz #x2d e rb, BYyn@mEE, #K6HZB t
DF LW E KRBT R LSS - =B BH |
s ol W OK Y BN EHRE SHEEK
Bl gD BHEEELET., ERPFEOMBEHR K
) [Nl el i epniitrapessf St QRGN A RO
JE g ol G N S e el ol i a e o il G o e s
vk Paalle B v 2 aad gy il or & pr o B 3 — & £ I K §
- Sl PR i E
%




STHR
1. An, K.N., Himeno, S., Tsumura, H., et al.: Pressure distribution on articular surfaces:

Application to joint stability evaluation. J. Biomech., 23: 1013-1020, 1990.

2. Blevens, A.D., Light, T.R., Jablonsky, W.S., et al.: Radiocarpal articular contact characteristics
with scaphoid instability. J. Hand Surg., 14A: 781-790, 1989.

3. De Lange, A., Kauer, J.M.G., Huiskes, R.: Kinematic behavior of the human wrist joint: A
roentgen-stereophotogrammetric analysis. J. Orthop. Res., 3: 56-64, 1985.

4. De Lange, A., Huiskes, R., Kauer, J.M.G.: Wrist-joint ligament length changes in flexion and
deviation of the hand: An experimental study. J. Orthop. Res., 8: 722-730, 1990.

o. Hara, T., Horii, E., An, K.N., et al.: Force distribution across wrist joint: Application of
pressure-sensitive conductive rubber. J. Hand Surg., 17A: 339-347, 1992.

6. Horii, E., Garcia-Elias, M., An, K.N., et al.: Effect on force transmission across the carpus in
procedures used to treat Kienbock's disease. J. Hand Surg., 15A: 393-400, 1990.

7. Horii, E., Garcia-Elias, M., An, K.N., et al.: A kinematic study of lunotriquetral dissociations.
J. Hand surg., 16A: 355-362, 1991.

8. Ide, T., Yamamoto, Y., Tatsugi, S.: Validation study of the Rigid Body Spring Model using the
metacarpophalangeal joint. In: Biomechanics in Orthopedics, pp 299-306. Ed by S. Niwa, S.M.
Perren, T. Hattori. Tokyo, Springer-Verlag, 1992.

9. Kauer, J.M.G.: The mechanism of the carpal joint. Clin. Orthop., 202: 16-26, 1986.

1 0. Kawai, T.: A new element in discrete analysis of plane strain problem. Seisan Kenkyu, 29:
204-207, 1977.

1 1. /NKE=E, Linscheid, R.L., Berger, R.A., fitl : IE% FRETICHB T 5 FHEOFRYT
PR, VRS "1 bis 5180 1009,

1 2. /NKE=2, Linscheid, R.L., Berger, R.A., fitl : AR A IRE 047 O BED TR #ME 1T M
ETHECEH TS5 1P 0 59 S8 194,

1 3. Linscheid, R.L., Dobyns, J.H., Beabout, J.W., et al.: Traumatic instability of the wrist. J.
Bone Joint Surg., 54A: 1612-1632, 1972.

1 4. Linscheid, R.L.: Kinematic considerations of the wrist. Clin. Orthop., 202: 27-39, 1986.

1 5. Logan, S.E., Nowak, M.D.: Intrinsic and extrinsic wrist ligaments: Biomechanical and
functional differences. Biomed. Sci. Instrum., 23: 9-13, 1987.

1 6. Mayfield, J.K., Johnson, R.P., Kilcoyne, R.F.: The ligaments of the wrist and their
functional significance. Anat. record., 186: 417-428, 1976.

B



1 7. Mayfield, J.K.: Pathogenesis of wrist ligament instability. In: The Wrist and Its Disorders, pp
53-73. Ed by Lichtman D.M., Philadelphia, W. B. Saunders, 1988.

1 8. Miyakawa, T., Hashizume, H., Inoue, H., et al.: Malunited Colles' fracture. Analysis of
stress distribution. J. Hand Surg. Br., 19(6): 737-742, 1994.

1 9. Penrose, J.M., Williams, N.W., Hose, D.R., et al.. An examination of one-piece
metacarpophalangeal joint implants using finite element analysis. J. Med. Eng. Technol., 20: 145-
150, 1996.

2 0. Savelberg, H.H.C.M., Kooloos, J.G.M., Huiskes, R., et al.: Strains and forces in selected
carpal ligaments during in vitro flexion and deviation movements of the hand. J. Orthop. Res., 10:
901-910, 1992.

2 1. Savelberg, H.H.C.M., Kooloos, J.G.M., Huiskes, R., et al.: An indirect method to assess
wrist ligament forces with particular regard to the effect of preconditioning. J. Biomechanics, 26:
1347-1351, 1993.

2 2. Schuind, F., Cooney, W.P., Linscheid, R.L., et al.: Force and pressure transmission through

the normal wrist. A theoretical two-dimensional study in the posteroanterior plane. J. Biomecanics,
28: 587-601, 1995.

2 3. Short, W.H., Werner, E.W., Fortino, M.D., et al.: Distribution of pressures and forces on the
wrist after simulated intercarpal fusion and Kienbock's disease. J. Hand Surg., 17A: 443-449, 1992.

2 4. Short, W.H., Werner, F.W., Fortino, M.D., et al.: A dynamic biomechanical study of
scapholunate ligament sectioning. J. Hand Surg., 20A: 986-999, 1995.

2 5. Tencer, A.F., Viegas, S.F., Cantrell, J., et al.: Pressure distribution in the wrist joint. J.
Orthop. Res., 6: 509-517, 1988.

2 6. Viegas, S.F., Tencer, A.F., Cantrell, J., et al.: Load transfer characteristics of the wrist. Part I.
The normal joint. J. Hand Surg., 12A: 971-978, 1987.

2 7. Viegas, S.F., Patterson, R.M., Todd, P.D., et al.: Load mechanics of the midcarpal joint. J.
Hand Surg., 18A: 14-18, 1993.

2 8. Viegas, S.F., Patterson, R.M., Ward, K.: Extrinsic wrist ligaments in the pathomechanics of
ulnar translation instability. J. Hand Surg., 20A: 312-318, 1995.

2 9. Youm, Y., McMurtry, R.Y., Flatt, A.E., et al.: Kinematics of the wrist. An experimental
study of radio-ulnar deviation and flexion-extension. J. Bone Joint Surg., 60A: 423-431, 1978.




* 1

Percentage of Joint Force Transmission at Each Joint

Jiint Percentage of Joint Force Transmission

(%)

Radio-ulno-carpal

Radio-scaphoid 44 £ 6

Radio-lunate 3l = W

TFC o e e
Midcarpal

Scapho-trapezio-trapezoidal 27 3

Scapho-capitate 25 2

Luno-capitate 34 £ 8

Triquetral-hamate 16 £ 7
Proximal row

Scapho-lunate 59 £ 16

Luno-triquetral 41 £ 16
Distal row

Trapezio-trapezoidal kg

Trapezoid-capitate 18 £ 12

Capitate-hamate 52 & 11
Mean + SD




x®2

Joint Peak Pressure at Each Joint

Joint

Joint Peak Pressure (MPa)

Radio-ulno-carpal
Radio-scaphoid
Radio-lunate
T

Midcarpal
Scapho-trapezium
Scapho-trapezoid
Scapho-capitate
Luno-capitate
Triquetral-hamate

Proximal row
Scapho-lunate
Luno-triquetral

Distal row
Trapezio-trapezoidal
Trapezoid-capitate

Capitate-hamate

3.8 £ 0.8
et 1l
e < e

Z:] & 1.6
4.3 & 1.5
2.4 0.5
1.9 % 0.7
34 £ 1.5

s Hy

2.8 £ 1.8
20 E 1S

B B | N
20 &£ 1.6
i ol |

Mean = SD

S sy

e s I (7 Coe s



%3

Percentage of Tensile Force Distribution at Each Ligament

Ligament Percentage of Tensile Force Distribution
(%)

Volar
Radio-scaphoid 00
Radio-capitate 00
Radio-lunate 26.0 £ 7.9
Ulno-lunate 2.4 3.3
Ulno-capitate 1.8 £ 3.6
Ulno-triquetral 0.7 2.4
Scapho-lunate 39 £ 438
Luno-triquetral 4.5 4.2
Trapzium-trapezoid 0.7x 1.4
Capitate-trapezoid L o
Capitate-hamate o B s
Scapho-trapezial 1.8 59
Scapho-capitate Sk & 4.3
Triquetral-capitate 8.5 £ 6.6
Triquetral-hamate 0.7x 14
Distal radio-ulnar 54 6.4

Dorsal
Radio-triquetral 148 £ 7.8
Scapho-lunate 1285 5.0
Scapho-triquetral W7 %52
Luno-triquetral 2.8 £ 4.5
Trapzium-trapezoid 6.6 £ 5.9
Capitate-trapezoid 4.5 + 3.8
Capitate-hamate 9.6 X 6.8
Distal radio-ulnar S 8.5

Mean + SD
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x4

Carpal Kinematics of Normal Wrist Joint

Translation Rotation
(mm) (degree)

[i‘)‘; 2 - X Y Z ¥ Y g
Scaphoid -0.18 0.84 -0.82 0.06 0.07 -0.09
Lunate -0.25 0.38 -0.20 -0.01 0.05 -0.07
Triquetrum 0.04 -0.51 -0.15 -0.04 0.08 -0.05
Trapezium 0.71 1.43 -2.34 -0.07 0.20 -0.15
Trapezoid 1.88 0.84 -3.24 -0.12 0.17 -0.13
Capitate 1.07 0.03 -0.95 -0.08 0.14 -0.14
Hamate 1.00 -1.37 -0.22 -0.08 0.15 -0.15
Mean

TR TR
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