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[ DIMENSION |

DEFINITION

|

a Length of metacarpal bone
Distance between dorsal radial and dorsal ulnar tuberosity
c Distance between volar radial and volar ulnar tuberosity
d Distance between radial dorsal and radial volar tuberosity
e Distance between ulnar dorsal and ulnar volar tuberosity
f Width of metacarpal head
g Depth of metacarpal head
h "Length of proximal phalanx
i Width of proximal phalangeal base
] Depth of proximal phalangeal base
k Width of MCP articular surface of proximal phalanx
] Depth of MCP articular surface of proximal phalanx
m Width of PIP articular surface of proximal phalanx
77777 ) n—:- Depth of PIP articular surface of proximal phalanx

X1 a,

8, “d”, e, “g”, "
DIEETH 5,

WIC204H DI L B EA % 2 s, ENEhOF
BAOBIEERVAEXDIEDI4OH RIS E ZADE
RESR LT BT >EHERBOHEICE SV TE
Rt AL TIRTER ¥ (EEHE0.05m)
RERAL, 2IRIEEKIZ7840E] & 1 - 7o,

1b MCPHEEic>WTOI4DEHEIS

AR I ERIC R 2 B TR VLEHRAE O
FEHAH, —AOHABEDOZ N EThOHRAEOHES
L UBRIBRNTORIEOMEE ST L, SEMOHHA
oMt OFEORTBIUCRFAITOB I -
120

RlicshFhodAHE CL2itAEEEELHD
17—y OE (AVG) BLUEEREZE (STD)
(7%, t —F AP EADOFRIE» GBS EA

= B BREITHEIE -7, ZOMICREERLSESEDON
%1 UOHAHEDOTHIE (AVG) LiERRE®E (STD)
a b [ d e f g h i § k m n
GROUP 1
AVG 58.15 14.25 10.75 9 8.3 13 14 38.35 16.3 11.8 116 9.05 11.3 8.15
STD 6.45 1.65 0.85 0.6 0.2 1. 1.1 405 1.2 05 11 0.45 0.5 0.05
MAX 65.6 15.8 116 8.6 8.5 14, 151 424 175 12.3 12.7 85 11.8 8.2
MIN 52.7 126 9.9 84 8.1 12. 129 34.3 15.1 1.3 105 8.6 10.8 6.1
n 40 40 40 40 40 4 40 40 40 40 40 40 40 40
GROUP 2
AVG 592 135 10.5 8.65 97 12. 11.85 40.35 16.15 11.6 11.65 9.45 10.6 77
STD 5.7 2 0.7 0.75 14 1. 0.75 7.25 2.45 1.8 1.45 0.85 2 1.6
MAX 64.9 155 11.2 9.4 1na 13. 126 476 186 134 131 10.3 12.6 9.3
MIN 835 1.5 9.8 79 83 10. 11 331 13.7 8.8 10.2 86 8.6 6.1
n 40 40 40 40 40 4 40 40 40 40 40 40 40 40
COMBINED
AVG 59.82 14.45 11.04 94 964 13.3 13.7 4154 16.19 12.32 12.02 9.92 11.61 8.38
STD 6.16 1.86 1.25 1.06 1.21 1.3 1.43 °4.88 1.32 1.2 1.05 0.89 1.29 093
MAX 718 17.9 127 mzs 126 16. 178 525 187 145 145 1.7 139 104
MIN 46.5 106 87 73 7.2 10. 10.8 32.2 134 3.8 9.8 79 86 6.1
n 80 80 80 80 80 8 80 80 80 80 80 80 80 80
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ROTEIGICEB T BRI E ST LT, %
JICKETHME DO MBI LR L 72, SIEOFHRIME IR
Ik A ARL B LS, oMt P
0.001) 2> tMREN,
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MBI R UTRIEORFTEB I L7208, —HlELT
RALTRTOHBIDVTOHBFIE D" &8 iz>
WTRRIF LR AER LU, TR D" &“8" & D
BRI 8" =547+0.567Tx“b " mm (F%0.96mm) &

LHBRTERYE A, BROVIHE (R Squard)
M0.T48E WD T &3 2 S D HE O i aa Wy B
YEnsd B3, GHHME D" KO ATHIE" 8" % FHIT 5
CEUERETHEEWS T EMTRE N, DT NT
Dt W T bk DEERE LD, —o DA
St HlEE FRIT A& IIRBETH S5 2 EMR
ANt
BEBICHTHREB - h, R5ICTXTOH
HfEic>VWTD 2K EFLVOERERT, KT
1 (F1) RERE—EOWT%, W2 (F2) d&
EORTERLTVWS, BT 11369%D, WT2139
%O HNEABIHL, 2-o0RTFEADETIBY L H
ATRIEESRATEY, RFE2EA THMEBIN-T
b, 0% LoMBEREBONE, -1,

B. MffiiofARIC >V T ORE

BRI 2 IRCHICERRIC T 2 AL H L SRR
L, MCP MR 5MMmoELREL 72
FTOFLVAHEERRT 2BICHLELRERNI
HTRELDT, B cHfimoBREERTHEEL
THA2DHEMMEEINTE 20, AFETRERND
Yk oK E R W CEmim O IRE £ T HEERIAL,
Bk s L TudiEdER Wi, CoRETIR
REEIHE Lo & L EEMARR Lo R oEME R/
T 5 &) AEENFEoDL, ¥EBLUREAESE
WET BT &ickb, BAMIEOIAR % LA A% (#
ALTRILTHHDTH %,

—HC IR R TR T AR, KEE,
HERUNEBARERT 54— —BEREFNL I A

#£2 BEOCHUEMOSTRUEKS, B G305 —v
finger a b c d e f g h i j k | m n
AVG  INDEX 65.79 16. 055 11.95 10.14 10. 36 14. 405 14.78 41,955 17.185 12.6 12.6 10.335 12.08 8.665
STO 3.785577 1.001725 0.745318 0.903548 0.998623 0.657628 1.075453 2.182538 0.381178 0.643428 0.650384 0.498272 0.628967 0. 585042
AVG  MIDDLE 63. 555 15.85 11.895 3.765 10. 565 14. 475 14.585 46. 345 17.225 13. 405 12.84 10. 68 12. 305 9.08
STD 3.598676 0.968762 0.995728 0.372765 0.958266 0.756224 1.036025 2.802226 0.775161 0.539562 0.737156 0.570876 0.658805 0.588752
AVG RING 56. 945 13.755 10.35 8.92 9.03 12.36 13.285 43,255 15. 49 12.385 11.66 8.635 1.7 8. 445
STD 3.183638 0.868130 0.906917 0.831626 0.821644 0.687313 0.839210 2.069655 0.828794 0.683401 0.778716 0.644419 0.711617 0.667439
AVG  LITTLE 62.385 12.155 9.97 8.755 8.61 13.045 12.14 34,585 14.875 10. 885 10. 965 9.015 9, 805 7.31
STD 3.153137 1.046171 0.843660 0. 833351 0.67 0.703189 0.719305 1.906377 0.836967 0.666589 0.781840 0.615193 0.604565 0.771097
LENGTH MC INDEX > MIDDLE > RING > LITTLE DEPTH Of ARTICULAR SURFACE
PP MIDDLE > INDEX > RING > LITTLE MC Gi > Gm > Gr > Gl
PP Lm>Li>Lr>LI
WIDTH OF ARTICLAR SURFACE
MC+PP GI>Gm>Gr>GI>Lm>Li>bLr>LI

MC Fm>Fi>Fr>Fl
PP Km > Ki > Kr > KI|
MC +PP  Fm >Fi>Km >Ki>Fr>Fl>Kr>Ki

(3)

COMPARISON BETWEEN WIDTH AND DEPTH OF ARTICULAR SURFACE
MC Gi > Fi, Gm > Fm, Gr > Fr, GI > Fl DEPTH < WIDTH
PP Ki > Li, Km >Lm, Kr>Lr, KI>LI WIDTH > DEPTH
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Regression Qutput (A-B) (B-C) (B-D) (B—-E) (B—-F) (B—-G)

Constant 225148 453297 4.565351 2.888030 4.686818 5.474150

Std Err of Y Est 3.858101 0.934615 0.862919 0.843592 0.717141 0.957830

R Squard 0.617614 0.455856 0.351179 0.525461 0.714676 0.560169

No. of Observations 80 80 80 80 80 80

Degree of Freeddom 78 78 78 78 78 78

X-coefficent (s) 2.580739 0.450288 0.334145 0.467229 0.597383 0.658942

Std Err of Coef. ! 0.229926 0.55703 0.051426 0.050274 0.042738 0.057082
Regression Output (B—H) (B—-1) (B—J) (B—K) (B—-L) (B—M) (B—N)
Constant 17.33069 T7.345940 5.336970 5.601968 4.785303 3.645598 3.413626
Std Err of Y Est 3.776729 0.660029 0.660029 0.652986 0.576303 0.777069 0.676291
R Squard 0.415097 0.755607 0.661021 0.655082 0.578282 0.644628 0.481845
No. of Observations 80 80 80 80 80 80 80
Degree of Freeddom 78 78 78 78 78 78 78
X-coefficent (s) 1.674603 0.611627 0.485118 0.443779 0.355163 0.550853 0.343258
Std Err of Coef. 0.225077 0.039385 0.039334 0.038915 0.034345 0.046310 0.040304

4 FHAME“D” LFTAUEC 87 s B A EEESHH
index middle ring little combined
Regression Output.

Constant 11.97850 8.222200 8.636275 9.127481 5.47415
Std Err of Y Est 1.1185563 1.080140 0.828642 0.665106 0.95783
R Squard 0.026416 0.125901 0.122524 0.230517 0.560169
No. of Observations 20 20 20 20 80
Degree of Freeddom 18 18 18 18 78
X-coefficent (s) 0.174493 0.401439 0.337966 0.330112 0.568942
Std Err of Coef. 0.249682 0.249314 0.213177 0.142158 0.057082

g =547 + 0.569xb mm

error of 0.96mm

(4)
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A 0.841  —0.062
B 0.924 0.058
c 0.755 0.356
D 0.644 0.558
E 0.760 0.438
F 0.899 0.125
G 0.807  —0.121
H 0.784  —0.426
| 0.887 0.023
J 0.904  —0.257
K 0.867 0.148
L 0.875 0.113
M 0.901  —0.328
N 0.799  —0.453

VARIANCE EXPLAINED BY COMPONENTS
1 2
9.772 1.263

PERCENT OF TOTAL VARIANCE EXPLAINED

1 2
69.803 9.019
z, &
7
o
)
X £

9ONBTH DD, THEMNAOEAE, &HEND
FEMN 3o, KEotT AMIEAREM 3 D, ik
THESN I >HETH B,
AR A B3 AR AR Lo sl
xat + v+ 2 = ]

TREOLN S,

F o ERERE O E#IT T 5 12 0icid, Ak o
BiCIABHEEERT IO S -5 —, TS
FLEE (x, v, z), &AHHOERE (a, b, 0), &
UEEAEOEE (O, 8, U) %I R LEN
Hv, ThoHFEERIILDT,

FTBONCHOBHFETE D, 7DD

X, = X — X
Vi=yi— e
zi =27, — %

WA EOBEEBIN S, BRICLT, §XTOD
RICOWTHBEB IS,

WOBKLELTEA 5 —7 v 7 rvoEERl (Gold-
stein)MICHVEIEETTRE S, THbB

The rotations defining the Eular angles.

cos ¢ sin¢ +cos @ cos ¢ sin ¢

- cos ¢ cos ¢ —cos @ sin¢@ sin ¢
A'l=A=
sin 8 sin ¢

—cos ¢ cos ¢ —cos 8 sin¢g sin ¢ sin 6 sin ¢
—cos¢ singg+cosf cos¢p sin¢g —sinf cos¢
sin 8 sin ¢ cos &

Transformation matrix from body coordinaties to space axes.

X2

(5)
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cOsSycosf- cosBsindsiny  -sinycoss- coshsinocosy smesino'l

Al =| cosysind+cosOcosesing  -sinysing+ cosfcosocosy -sinBeose

sinG siny sinf cosy oos J
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—y—Z2FEHLTBIL I BICF LV Y- —
7o 75 LEERL Y,
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DR ERNET 21D LT,
¥
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EMBORMIIK IO TEL 39D 1 OFERICREVER
E L7,

/
1/3L
1/3L | LL
1/3L
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L, ERErAVTESRBORMANET, ERoO 3
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NENICO XL 7,

R

RO ICHRERW ST RE KL, ZbhoD RMS
error ZBERID AR & & &R Lo s DB/
PEBE D% KT H, COEMBBLE0.1mTH B
&3, EEE PR & BRI O LIAR A L D RS
FEBICHEVWI EEENLT W, ¥R E KT
“a”, “b", “crofEEFeflicsnt, BIZEMUD
AL -THh, ZONEBHERBREZEVbDLE
EZionl, BEERMEsKEICAVERNEE ZZ
34, SHMoORDOERERIEBIANZLES LV
Ehbhots, ol OVEERAEOTLIELPITE
MEOEML O EAICMET 2 bbb ot,

z B
B5—b TvEa-—$—ickniE L BEE 1. MCP BISi D AE B O MBI D W T
£6 EHPEHEODLEE, FE |adEAE
Spheroid parameter estimations
a b c Xe Ye Xc @ 6 ¢
Specimen # | Digit RMS
mm mm rad
9 Middle || 10.7 | 13.1 | 13.8 | -2.3 |-20.3| 85 | -0.2 | -1.56 | -2.2 || 0.17
10 |Index|| 17.3 | 17.1 {143 | -0.7 |-17.2| 65 | 02| 04| 09| 0.13

2048 0 FH50 L BHEAR D80 MCP Bffiic >\ T,
4DFRIERM 2 RE LETHIE B B - 1o, £hEh
DOV TRAZSBRE Y HAESREEH, &
e O RMER I (2Rl — 0B AED S h i,

AR OFHHIE % @ ORI B BEHHIE & R
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iV & B—RBHic Wb T E 7208, FHISHER

(8)

Blldbh Tk -1t, £ THARE TR D
AR EEMCEE S L TERoeicRET 35 L L
HEAEEREL, MCPMEIORREBEIFT 2/ DIcH
Wiho BRIRLEBBICRMS error 138 4& %0.1mm
Thby, EEIEREHE & BAOIEREMAEE DK
FEFICH W EHBEL 12, E¥ERERT A7,
“b”, “CrOEREFlIcBVWTIRIZAMUOEE L -
THH, BHOVEEAEZZIREEVWERESR
TAHEIEENRY, THHHEMEMETE IIRECIESY
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CEBHBAL F2AS, TC & MCP B R B
A PPHMcET VBT EERLTVS,

R cic L oMfiT % Rl d 2 HESHES O
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CAT 2* + v 2RHET2H5FFTH S8, wihb
BfiEE® _RTOHRELTLORIETEY, =KD
HELTREBLTEX Mo, 2IRTDAE LTHED
SR, ATEANI%2ERIT 2BIcRFIATEND
ofedd, TTRHLIERLLAEERAVSE, M
MEOTRE e omE L TRILTE, ZoEH%
FAT 2 &icky, ATHEEOMER DRSS IER
OEEFMEOARICERICE O T & EBE, IO &
i ATHEIERNEROSGHELRLEE, LB
WRASHTEEORIES PR TE R LEL SN B,

FrARMECHUAEMAEEEFLE LTHWT
MCP Baii o BE &SmOk E =kochickid L
fehs, T OHEE RN O &R &L VRS, F
Z IEMEC KBTI S ICHTE, ThoolgEncH
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ABSTRACT

A wide variety of MCP prostheses have been developed and used. However the kinematics of
most prostheses is far from the normal MCP joint and the results of the prosthesis replacement
were poor. To achieve the ideal function of the MCP joint, the kinematics of the prosthesis
shoule be close to that of the normal joint and 1t is necessary to identify the geometry of the M
CP joint to make the anatomical prosthesis. The objectives of this study are to investigate the
anatomical characteristics of the MCP joint, and to develop a new technique to describe the
articular surface in three dimension.

The dry bone hand specimens were measured and the correlation of each parameter was inves-
tigated. Then a new method which can describe the articular surface in three dimension was deve-
loped and the shape of the MCP joint was described.

The result shows that there is a single “scaling law” of the geometry of the MCP joint. It
means that once the shape of the prosthesis is decided, the size of the prosthesis can be decided
by following this law.

The shape of the articular surface of the proximal phalanx is concave and the width of the
articular surface is larger than the depth. This study revealed that the shape of the articular
surface 1s a part of the sphere and the center of the sphere is volar to the long axis of the of the
proximal phalanx.

These results are valuable to reduce the number of the shapes and sizes of the prosthesis,
and the kinematics of the prosthesis will be close to the normal joint.
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