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Fig. 1. Anatomy of wrist joints. (the original figure)
distal row Gz FHRE )
Tm : trapezium bone, KZEHH
Td : trapezoid bone, /|NZ#E
C : capitate bone, fj5H
H : hamate bone, £ #
proximal row (JT{Z FHH 1)
S : scaphoid bone, fittkHE
: lunate bone, H k¥
. triquetral bone, =
. pisiform bone, &k
: radius, BEH
U : ulna, RE
midcarpal joint : F e J B
radiocarpal joint : #EfE T HREIES
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Fig. 2. Anatomy of volar carpal ligaments. (the
original figure)
V : Vg, (V #8%)
RC : radial collateral lig. (f{l f &0#8+5)
RSC : radioscaphocapitate lig. (Fgf5 - fpik -
H A )
RL : radiolunate lig. (Fef5 - A KB W)
RSL : radioscapholunate lig. (F&f5 - #ptk - A
BINGE L)
LT : lunotriquetral lig. (4% - = @84
UL : ulnolunate lig. (RE - H B 894
UT : ulnotriquetral lig. (Rf - =HF 8
M : meniscus homologue. (B[ H#z)
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Fig. 3. Anatomy of dorsal carpal ligaments.
the original figure)
DRC : dorsal radiocarpal lig.
(I (B Tt 4)
DIC : dorsal intercarpal lig. ({5 {8 = f [ 84 5
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Fig. 4. Anatomy of triangular fibrocartilage

complex.
(the original figure)
M : meniscus homologue ([ #)
TFC : triangular fibrocartilage
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Table 1.

cadaveric wrist joints and normal human wrist

Range of motion of embalmed

joints.
I
DIRECTION ‘ RANGE OF MOTION
embalmed cadaver | normal human

extention | 71.3°+4.5° 70.0°
fleion | 81.5°43.3° | 90.0°
radial flexion | 20.3°+2.5° & 25.0°
ulnar flexion | 45.4°+2.2° i 55..0°
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Flg 3. Measurmg apparatus.

Measuring apparatus consisted with strain
gauge and polyetylene bar (20 X6 x 1mm) whose
central portion was dome-shaped.

Strain gauge was attached at central and lateral
portion of dome-shaped polyetylene bar.

Measuring apparatus was fixed to each carpal
bone by screw.
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Fig. 6-a, b. Preliminary study for investigating the character of measuring apparatus during
flexion and extension motion (a. flexion , b. extension).

Each point is the mean + standard deviation of the mean for five measurements.



SR FRE OB EY g B % KERRA 111

STRAIN STRAIN

(x107%) (X107%) I
1000 10004

%
7
§/
500 500 i
7
7
b
/s
7
,Q
//
0 o T J 7 T T () & L T T oy
0 10° 20 30° 40° ANGLE 0 10 20° 30° 40° ANGLE
a. b.
e—e top portion 5
o
° o---o lateral portion D

Fig. 7-a, b. Preliminary study for investigating the character of measuring apparatus during
lateral flexion motion.

Each point is the mean + standard deviation of the mean for five measurements.
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400+ / 400 }
i ,§ /
¥ i
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% s
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0 T T T T ez T T — = :
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Fig. 8-a, b. Preliminary study for investigating the character of measuring apparatus during
rotation motion.

Each point is the mean + standard deviation of the mean for five measurements.
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Fig. 9. The measuring sites.

The relative motions between two selected car-
pal bones or between the lunate and the radius
during wrist motion were studied.

(C:capitate, L:lunate, R:radius, S:scaphoid,
T :triquetrum)
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a .

Fig. 10-a, b. Roentgenogram after sting each screw to each carpal bone.

(a. anterior-posterior view, b. lateral view)
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The measuring apparatus was fixed to two

The procedure of measurements.

selected carpal bones or to the lunate and the

radius.
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Each specimen was rigidly mounted in a holding device.

The holding device.
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Fig. 13. The relative motions between two selected carpal bones
during wrist extension motion.
Each point is the mean + standard deviation of the mean for five
measurements of thirtysix wrist joints.
(C:capitate, L:lunate, S:scaphoid, T :triquetrum)
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Fig. 14. The relative motions between two selected carpal bones
during wrist flexion motion.

Each point is the mean + standard deviation of the mean for five
measurements of thirtysix wrist joints.

(C:capitate, L:lunate, S:scaphoid, T :triquetrum)
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Fig. 15. The relative motions between two selected carpal bones

during wrist radial flexion motion.

Each point is the mean + standard deviation of the mean for five
measurements of thirtysix wrist joints.

(C:capitate, L:lunate, S:scaphoid, T :triquetrum)
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Fig. 16. The relative motions between two selected carpal bones
during wrist ulnar flexion motion.

Each point is the mean + standard deviation of the mean for five
measurements of thirtysix wrist joints.

(C:capitate, L:lunate, S:scaphoid, T :triquetrum)
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Fig. 17. The relative motions between the lunate and the radius
during wrist extension and flexion motion.

Each point is the mean + standard deviation of the mean for five

measurements of thirtysix wrist joints.
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Fig. 18. The relative motions between the lunate and the radius
during wrist radial flexion and ulnar flexion motion.
Each point is the mean + standard deviation of the mean for five

measurements of thirtysix wrist joints.
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Fig. 19. Navarro’s concept of columns of wrist
consisted of central column, mobile lateral col-
umn and rotatory medial column. (the original

figure)
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Fig. 20. Taleisnik’s concept of central column
involves entire distal row and lunate, with
scaphoid constituting lateral column and tri-
quetrum being rotatory medial column. (the
original figure)

i, EALFREY Lm0 2R L
HROARER, BT ARG L =AE0 6 FIRAMHE
WHENLTERBIVEEINRS L L bIC, BEHAD
BB OEHB & LiAte 2 LI X 0 i¥)

FR B2 Tl HIAE - ARE
R, Lal, SEELECIEHERE - ARE
MOEB DR KOENE IR X <, ZAUTBEE =B
HAEMICHER LT 510, AREAFOERSYE
BIETHIR S hatchtEx b, £LT, F1R
HREEE 2N L ORRE L =AFoERLHRS S
T, WHI0EL LT FRE TR OEE) DI A
B, —, EMFREFIBOEE, FIREAS

Zhmhbb?, BUFHRBIIRXSCER LTS

e+ %



HA : FREOEBENEC B 5 ERIIPIE 119

Fig. 21. Lichtman's concept of ring theory.

Carpal structures can be thought of as ring with
radial and ulnar mobile links. (the original

figure)
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Fig. 22. Comparison between radiocarpal joint movement and mid-

carpal joint movement during wrist extension motion.
Each point is the mean + standard deviation of the mean for five
measurements of thirtysix wrist joints.
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Fig. 23. Comparison between radiocarpal joint movement and mid-

carpal joint movement during wrist flexion motion.

Each point is the mean + standard deviation of the mean for five

measurements of thirtysix wrist joints.
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Fig. 24. Comparison between radiocarpal joint movement and mid-

carpal joint movement during wrist radial flexion motion.
Each point is the mean + standard deviation of the mean for five

measurements of thirtysix wrist joints.
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Fig. 25. Comparison between radiocarpal joint movement and mid-

carpal joint movement during wrist ulnar flexion motion.

Each point is the mean + standard deviation of the mean for five

measurements of thirtysix wrist joints.
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Experimental Study on the Kinematics of the Wrist Joint
Yu MOCHIZUKI

Department of Orthopaedic Surgery,
Hiroshima University School of Medicine
(Director: Prof. Yoshikazu IKUTA)

Although many experimental and clinical studies have been reported in the past, the kinematics of the
wrist joint is still controversial. And wrist motion is notoriously difficult to measure on radiographs. Conse-
quently, we measured the carpal motion directly by means of strain gauge attached to measuring apparatus.
The relative motions between two selected carpal bones or between the lunate and the radius during wrist mo-
tion were studied using thirty cadaver specimens.

In summary, the following conclusions are drawn:

1. Extension is about equally divided between radiocarpal and midcarpal joints below 30°angle. Over
30°angle, extension takes place mainly at the midcarpal joint.

2. Flexion is about equally divided between radiocarpal and midcarpal joints below 40°angle. Over 40°angle,
flexion takes place mainly at the midcarpal joint. There is a greater contribution by the midcarpal joints to
flexion than extension.

3. Radial flexion is about equally divided between radiocarpal and midcarpal joints.

4. Ulnar flexion takes place more at the radiocarpal than the midcarpal joint, although both contribute.

5. The measuring apparatus is very useful to analyse the three dimensional movements of wristr joints. This
study offers fundamental data which may contribute to elucidate the pathogenesis of wrist joint disorders.





