wo 2011/107778 A1 I 10K OO ORI

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /’@T‘?’i‘\
International Bureau v{ ’0
&)
(43) International Publication Date N\

9 September 2011 (09.09.2011)

(10) International Publication Number

WO 2011/107778 Al

(51) International Patent Classification:
AG61F 2/58 (2006.01) B25J 15/00 (2006.01)

(21) International Application Number:

PCT/GB2011/050368

(22) International Filing Date:

24 February 2011 (24.02.2011)
(25) English
(26)

(30)

Filing Language:

Publication Language: English

Priority Data:
1003573.1 4 March 2010 (04.03.2010) GB

Applicant (for all designated States except US): TOUCH
EMAS LIMITED [GB/GB]; Unit 3, Ashwood Court,
Oakbank Park Way, Livingston, Lothian EH53 OTH
(GB).

Inventor; and

Inventor/Applicant (for US only): MCLEARY, Gordon
[GB/GB]; 8 Calder Drive, Lochwinnoch, Strathclyde
PA12 4AU (GB).

Agent: MURGITROYD & COMPANY; Scotland
House, 165-169 Scotland Street, Glasgow, Strathclyde G5
8PL (GB).

1

(72)
(73)

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: HAND PROSTHESIS

Fig. 1
/
o
- | M 20
®
(B =
i 0§ 5o
18\%’ i o)
/\ S 24
15
0
\[_ 16
12

(57) Abstract: A hand prosthesis (15) including a hand chassis (15), a thumb member (22) mounted on the hand chassis for rota-
tion of the thumb member in relation to the hand chassis about an axis extending generally along the length of the thumb member,
a motor (64) disposed on one of the hand chassis and the thumb member, the motor being operable to drive a worm (56) and a
worm gear wheel (54) disposed on the other of the hand chassis and the thumb member, the worm being in engagement with the
worm gear wheel such that, upon operation of the motor, the thumb member rotates in relation to the hand chassis.
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HAND PROSTHESIS

Field of the invention

The present invention relates to a hand prosthesis comprising a motor

driven thumb member.

Background to the invention

Hand prostheses with motor driven digits are known. For example, US
5,888,246 describes a motor drive system and linkage for a hand
prosthesis. The hand prosthesis of US 5,888,246 has at least one motor
driven digit with the digit moving around an axis to thereby achieve flexion

and extension.

The present inventor has appreciated known motor driven hand

prostheses to have shortcomings.

According to an object for the present invention there is provided an
improved hand prosthesis having at least one digit member and
comprising a motor that is operative to move the at least one digit

member.

Statement of invention

The present invention has been devised in the light of the present
inventor’s appreciation of the shortcomings of known hand prostheses.
Therefore, according to a first aspect of the present invention, there is
provided a hand prosthesis comprising:

a hand chassis;
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a thumb member mounted on the hand chassis for rotation of the
thumb member in relation to the hand chassis about an axis extending
generally along the length of the thumb member;

a motor disposed on one of the hand chassis and the thumb
member, the motor being operable to drive a worm;

a worm gear wheel disposed on the other of the hand chassis and
the thumb member, the worm being in engagement with the worm gear
wheel such that, upon operation of the motor, the thumb member rotates

in relation to the hand chassis.

In use, rotation of the thumb member in relation to the hand chassis about
an axis extending generally along the length of the thumb member
provides for movement of the thumb member in a fashion that
approximates to the movement provided by the carpometacarpal joint of a
natural thumb. Hence, movement of the thumb member of the hand
prosthesis enables the position of the thumb member in relation to finger
members of the prosthetic hand to be changed. For example, in a first
position the thumb member may oppose an index finger member of the
prosthetic hand and in a second position the thumb member may oppose
a middle finger member of the prosthetic hand. In the position where the
thumb member opposes the index finger, the hand prosthesis may
perform a “pinching” action between the index finger and the thumb
member (i.e. a two-digit pinch). In the position where the thumb member
opposes the middle finger, the hand prosthesis may perform a pinching
action between the middle finger and the thumb member. It is also
possible that the thumb member may be positioned between the index
finger and the middle finger. In this position, the hand prosthesis may
perform a pinching action between the index finger, middle finger and
thumb member (i.e. a three-digit pinch, or tri-pod pinch). The position of

the thumb member may also be such that the thumb member is rotated
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away from the fingers, such that the hand prosthesis may perform a “palm
grip” or “lateral gripping” action, where a flexion action of each of the
fingers brings them towards the palm chassis (see below) to allow the
hand prosthesis to grip an object between the fingers and the palm
chassis. In the “palm grip” position, or when the fingers are at least part of
the way toward the palm chassis, the thumb member may brought from an
initial position where it is rotated away from the fingers to a final position
where it presses against one or more of the fingers (typically the index
finger). This position is called the “lateral grip” or “key grip” position in
which the thumb presses on the top of the side of the index finger, like
holding a business card.

The configuration of worm and worm gear wheel may provide a drive
mechanism that is more compact than prior art drive mechanisms. In
addition, the configuration of worm and worm gear wheel may provide a
drive mechanism that is capable of higher torque and a greater precision

of movement than prior art drive mechanisms.

Alternatively or in addition, the thumb member may be rotatable about an
axis extending substantially along the length of the thumb member.

Alternatively or in addition, the thumb member may be rotatable about a
longitudinal axis of the thumb member.

Alternatively or in addition, the motor may be disposed on the hand
chassis and the worm gear wheel may be disposed on the thumb member.
The worm gear wheel may be disposed towards a proximal end of the
thumb member. Disposing the motor on the hand chassis avoids
disposing the motor in the normally limited space provided by the thumb

member.
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Alternatively or in addition, the worm may be disposed on the hand
chassis. At least one of the motor, worm and the worm gear wheel may
be disposed in a palmar region of the hand prosthesis.

Alternatively or in addition, the motor may be operable to rotate about a
first axis and the worm may be operable to rotate about a second axis, the
first and second axes being spaced apart from each other. The first and
second axes may extend in substantially a same direction. Hence, the
motor and worm may be disposed in relation to each other such that they
occupy a less extended footprint. For example, the motor and worm may
be disposed such that one of the motor and worm is above or behind the

other.

Alternatively or in addition, the hand prosthesis may further comprise a
coupling arrangement between the motor and the worm, the coupling
arrangement being configured such that an axis of rotation of the worm
differs from an axis of rotation of the motor. The coupling arrangement
may be mechanically coupled to an output shaft of the motor and to an
input shaft of the worm. The coupling arrangement may be configured to

change a direction in which torque from the motor is applied to the worm.

More specifically, the coupling arrangement may comprise a gear
arrangement. The gear arrangement may be configured to reduce a
speed of rotation. For example, the gear arrangement may have a

gearing ratio of substantially 4:1.

Alternatively or in addition, the hand prosthesis may further comprise a
plurality of gear arrangements. The plurality of gear arrangements may be

operative to reduce a speed of rotation. A first gear arrangement may



WO 2011/107778 PCT/GB2011/050368

form part of a coupling arrangement and a second gear arrangement may
mechanically couple the coupling arrangement to the worm. The second
gear arrangement may be a planetary gear arrangement. The second
gear arrangement may, for example, have a gearing ratio of substantially
16:1.

Alternatively or in addition, the thumb member may be a thumb chassis.
The thumb chassis may correspond to at least part of the metacarpal bone
of the human hand, i.e. the bone that is located between the proximal
phalange of the thumb and the carpus. Thus, the thumb chassis may be
rotatable about an axis extending substantially along the length of the
thumb chassis. The thumb chassis may be elongate in form.

Alternatively or in addition, the thumb chassis may be mechanically
coupled to the hand chassis at a plurality of spaced apart locations. The
thumb chassis may be coupled to the hand chassis at a first location
towards a first end of the thumb chassis and towards a proximal end of the
hand chassis. The worm and worm gear wheel may be disposed in the
hand prosthesis towards the first location. The thumb chassis may be
coupled to the hand chassis at a second location towards a second,
opposing end of the thumb chassis and towards a distal end of the hand
chassis.

The hand chassis may comprise a platform extending in a plane generally
orthogonal of a plane in which finger members of the hand prosthesis lie
when the finger members are fully extended. The hand chassis may
comprise a bearing which is operative to provide for rotation of the thumb
chassis in relation to the hand chassis, e.g. at the first location at which
the thumb chassis is coupled to the hand chassis.
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The hand chassis may further comprise a palmar chassis extending in a
plane generally orthogonal to the plane of the platform. The palmar
chassis may be configured for mounting of at least one digit member
thereon. The palmar chassis may be configured to support components of
the prosthetic hand, such as electronic assemblies operative to control the
prosthetic hand.

The thumb chassis may be configured for attachment of a thumb
assembly. Hence, the hand prosthesis may further comprise the thumb
assembly. The thumb chassis may be configured for releasable
attachment of the thumb assembly. The thumb assembly may comprise a
thumb body. The thumb body may correspond to a natural thumb as
defined by the phalanges of the natural thumb. The thumb body may
comprise a cosmetic covering and may be configured such that the thumb
body defines a shape that corresponds to the shape of a natural thumb.
More specifically, the thumb assembly may be configured such that a
central axis of the thumb body is spaced apart from a central axis of the
thumb chassis. Hence, the thumb assembly may be configured such that
at least one of a location on the thumb body and the central axis of the
thumb body describes an arc as the thumb chassis rotates about its
central axis. Thus, the thumb body may move closer to and away from a
digit, such as a middle finger digit, as well as having its orientation in
relation to the digit change.

Alternatively or in addition, the thumb assembly may comprise at least two
articulated portions, with a pair of articulated portions being movable in
relation to each other about a joint. Hence, a first joint may correspond to
the metacarpophalangeal joint of the natural thumb. A second joint may
correspond to the interphalangeal joint of the natural thumb.
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More specifically, the thumb assembly may be configured for powered
movement of the articulated portions in relation to each other. Hence, the
hand prosthesis may comprise a further motor that is operable to provide
for such powered movement. The further motor may be disposed on the
thumb assembly in an arrangement of the kind described, for example, in
WO 95/24875 or WO 2007/063266.

Alternatively or in addition, the hand prosthesis may comprise at least one
finger member attached to the hand chassis. The finger member may be
configured for powered movement of articulated portions of the finger
member. Thus, the finger member may be a motor driven member of the
kind described, for example, in WO 95/24875 or WO 2007/063266.

Alternatively or in addition, the thumb member may be rotatable about an
axis extending away from a proximal end of the hand prosthesis. Thus,
the axis may extend generally between the wrist and the finger tips when

the fingers are extended.

Alternatively or in addition, the thumb member may be rotatable about an
axis substantially parallel to a plane defined by a palm of the hand

prosthesis.

Alternatively or in addition, the hand prosthesis may further comprise a
position determining apparatus that is operative to determine a position of
the thumb member. Hence, the position determining apparatus may be
configured to determine the position of the thumb member in relation to
the hand chassis.

More specifically, the position determining apparatus may comprise at

least one position determining sensor that is operative to provide an
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electrical signal corresponding to a position of the thumb member. The
electrical signal may be used for operative purposes, e.g. to indicate when
the thumb member is at a fully open position or a fully closed position.

In a form, the position determining apparatus may comprise a plurality of
switches, with each switch being operative when the thumb member is at
a different position. For example, a first switch may be operative when the
thumb member is at the fully open position and a second switch may be

operative when the thumb member is at the fully closed position.

In another form, the position determining apparatus may comprise a rotary
position sensor, such as a rotary potentiometer or a position encoder that
uses an optical or magnetic sensing principle. Such a rotary position
sensor may be configured to determine the position of the thumb member

to a high degree of precision.

According to a second aspect of the present invention, there is provided a
hand prosthesis comprising:

a hand chassis;

a thumb member mounted on the hand chassis for rotation of the
thumb member in relation to the hand chassis about an axis;

a motor disposed on one of the hand chassis and the thumb
member, the motor being operable to drive a worm;

a worm gear wheel disposed on the other of the hand chassis and
the thumb member, the worm being in engagement with the worm gear
wheel such that, upon operation of the motor, the thumb member rotates

in relation to the hand chassis.

More specifically, the thumb member may be rotatable about an axis

extending generally along the length of the thumb member.
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According to a third aspect of the present invention, there is provided a
hand prosthesis comprising:

a hand chassis;

a thumb chassis mounted on the hand chassis for rotation of the
thumb chassis in relation to the hand chassis about an axis extending
generally along the length of the thumb chassis;

a motor disposed on one of the hand chassis and the thumb
chassis, the motor being operable to drive a worm;

a worm gear wheel disposed on the other of the hand chassis and
the thumb chassis, the worm being in engagement with the worm gear
wheel such that, upon operation of the motor, the thumb chassis rotates in

relation to the hand chassis.

The thumb chassis may be configured for attachment of a thumb
assembly. Hence, the hand prosthesis may further comprise the thumb
assembly. The thumb chassis may be configured for releasable
attachment of the thumb assembly. The thumb assembly may comprise a
thumb body. The thumb body may correspond to a natural thumb as
defined by the phalanges of the natural thumb. The thumb body may
comprise a cosmetic covering and may be configured such that the thumb
body defines a shape that corresponds to the shape of a natural thumb.
More specifically, the thumb assembly may be configured such that a
central axis of the thumb body is spaced apart from a central axis of the
thumb chassis. Hence, the thumb assembly may be configured such that
at least one of a location on the thumb body and the central axis of the
thumb body describes an arc as the thumb chassis rotates about its
central axis. Thus, the thumb body may move closer to and away from a
digit, such as a middle finger digit, as well as having its orientation in

relation to the digit change.
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Alternatively or in addition, the thumb assembly may comprise at least two
articulated portions, with a pair of articulated portions being movable in
relation to each other about a joint. Hence, a first joint may correspond to
the metacarpophalangeal joint of the natural thumb. A second joint may
correspond to the interphalangeal joint of the natural thumb.

More specifically, the thumb assembly may be configured for powered
movement of the articulated portions in relation to each other. Hence, the
hand prosthesis may comprise a further motor that is operable to provide
for such powered movement. The further motor may be disposed on the
thumb assembly in an arrangement of the kind described, for example, in
WO 95/24875 or WO 2007/063266.

Further embodiments of the second aspect of the present invention may

comprise one or more features of the first aspect of the present invention.

Brief description of the drawings

The present invention will now be described by way of example only with

reference to the following drawings, of which:

Figure 1 is a palm side view of a prosthetic hand according to the present

invention;

Figure 2 is a palm side view of core components of the prosthetic hand of
Figure 1 when the thumb chassis is in a first position;

Figure 3 a thumb side view of core components of the prosthetic hand of

Figure 1 when the thumb chassis is in a first position;



WO 2011/107778 PCT/GB2011/050368

11

Figure 4 a palm side view of core components of the prosthetic hand of
Figure 1 when the thumb chassis is in a second position;

Figure 5 a thumb side view of core components of the prosthetic hand of
Figure 1 when the thumb chassis is in a second position; and

Figure 6 is a perspective view of the drive mechanism of the prosthetic

hand of Figure 1.

Specific description

Figure 1 shows a hand prosthesis 10, prosthetic hand 10, according to the
present invention. The hand prosthesis 10 comprises a wrist connection
arrangement 12, which is configured to connect to an arm stump (not
shown). The wrist connection arrangement 12 is operable to provide for
rotation of the prosthetic hand 10 in relation to the arm stump. The hand
prosthesis 10 further comprises a hand chassis 15, which in turn
comprises a platform 16 and a palmar chassis 18, which extends in a
plane generally orthogonal to the platform 16. The platform 16 extends in
a plane substantially orthogonal of a plane in which finger members (not
shown) of the hand prosthesis 10 lie when the finger members are fully
extended. The hand chassis 15 is configured for attachment of
components of the prosthetic hand 10, such as electronic assemblies that
are operative to control the prosthetic hand 10 and mechanical and
electro-mechanical parts. More specifically, a fairing 20 is attached to the
hand chassis 15 such that it defines a dorsal surface of the prosthetic
hand 10 and a dorsal surface of the knuckle region of each of four finger
digits (not shown) of the prosthetic hand 10. Each of the four finger digits

is received in a space defined by the fairing 20 and is connected to a distal
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portion of the palmar chassis 18. Each of the four finger digits is of the
kind described in WO 95/24875 or WO 2007/063266 such that it is
configured for motor driven flexion and extension of articulated portions of
the finger member. The hand prosthesis 10 further comprises a thumb
chassis 22, which is described in more detail below. A thumb fairing 24 is
attached to the thumb chassis 22. The thumb fairing 24 extends around
the thumb chassis 22 and defines a space for reception of a thumb
assembly (not shown). When received in the defined space, the thumb
assembly is attached to the thumb chassis 22 and comprises a thumb
body (not shown), which corresponds to a natural thumb as defined by the
phalanges of the natural thumb. The thumb body comprises articulated
portions that are configured as is described in WO 95/24875 or WO
2007/063266 for motor driven flexion and extension. The thumb assembly
is configured such that a central axis of the thumb body is spaced apart
from a central axis 30 of the thumb chassis 22. Hence and as will become
apparent from the description below, the thumb assembly is configured
such that the central axis of the thumb body describes an arc as the thumb

chassis 22 rotates about its central axis 30.

Figures 2 and 3 show palm side and thumb side views respectively of core
components of the prosthetic hand 10 of Figure 1. Components in
common with the hand prosthesis of Figure 1 are designated with the
same reference numerals. Figures 2 and 3 show the frame like structure
of the palmar chassis 18 more clearly than Figure 1. As can be seen from
Figures 2 and 3, the thumb chassis 22 is elongate in form and mounted for
rotation about its central axis 30 in relation to the palmar chassis 18 and
the platform 16 by way of a rotational mounting 32 located on the platform
16. The rotational mounting 32 is described in more detail below. The
thumb chassis 22 engages by means of a rotational coupling 33 at its

distal end with a flange 34 defined by the palmar chassis 18. Hence, the
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thumb chassis 22 is supported on the hand chassis 15 towards opposing
ends of the thumb chassis 22. As can be seen from Figure 2, the thumb
chassis 22 defines a thicker portion 36, which is shaped and configured for
attachment of the thumb assembly described above with reference to
Figure 1. Although the thumb body is not shown in Figures 2 and 3 it will
be appreciated that a central axis of the thumb body will lie parallel to the
central axis 30 of the thumb chassis 22 and be further spaced apart from
the dorsal surface of the prosthetic hand 10 than the central axis 30 of the
thumb chassis 22. Hence, rotation of the thumb chassis 22 about its
central axis 30 will cause the central axis of the thumb body to describe an
arc. Consequently, the thumb body moves closer to and further away
from a digit, such as a middle finger digit, as well as having its orientation
in relation to the digit change. The position of the thumb chassis 22 is
determined by means of first 38 and second 40 electrical switches. Each
of the first 38 and second 40 electrical switches provides an electrical
output 42 when the switch is closed. The first electrical switch 38 is
disposed on the palmar chassis 18 such that the switch is operative when
the thumb chassis 22 is in the fully closed position, i.e. when the thumb
chassis 22 is turned fully anti-clockwise when the prosthetic hand 10 is
viewed from the wrist connection arrangement 12. The second electrical
switch 40 is disposed on the palmar chassis 18 such that the switch 40 is
operative when the thumb chassis 22 is in the fully open position, i.e.
when the thumb chassis 22 is turned fully clockwise when the prosthetic
hand 10 is viewed from the wrist connection arrangement 12. Closure of
each of the first and second switches 38, 40 is by means of a closure

member borne by the thumb chassis 22.

Figures 4 and 5 show palm side and thumb side views respectively of the
prosthetic hand 10 of Figures 2 and 3 after the thumb chassis 22 has

rotated through ninety degrees such that the thicker portion 36 faces in the
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thumb side direction. Components in common with the hand prosthesis
10 of Figures 1 to 3 are designated with the same reference numerals.
Hence, Figures 2 and 3 show a closed hand disposition, in which the
thumb body (not shown) is closer to the middle finger, and Figures 4 and 5
show an open handed disposition, in which the thumb body (not shown) is
further away from the middle finger. Figure 4 shows an alternative
position control sensing arrangement to that shown in Figure 2. More
specifically, the position of the thumb chassis 22 is determined by means
of a rotary position sensor 44, such as a rotary potentiometer or a position
encoder that uses an optical or magnetic sensing principle, which is
operative to provide an electrical signal 46 corresponding to the position of
the thumb chassis 22. Although shown schematically in Figure 4, the
rotary position sensor 44 is disposed at the upper end of the thumb
chassis 22 such that a main body of the rotary position sensor 44 is
attached to the flange 34 and a spindle of the rotary position sensor 44 is
attached to the thumb chassis 22. In the embodiment of Figure 4, a rotary
position encoder that is operative according a magnetic principle of
operation is used, namely Part Number HEM3-256-W from Dr. Fritz
Faulhaber GmbH & Co. KG of Daimlerstr. 23, 71101 Schonaich, Germany.

The drive mechanism 50 for the thumb chassis 22 of Figures 1 to 5 is
shown in Figure 6. The rotational mounting 32 comprises an Oilite bearing
(not shown), which is received in a recess formed in the platform 16, a
spigot 52 of generally cylindrical form, which is mounted on the Oilite
bearing, and a worm gear wheel 54, which is mounted on the spigot 52
such that the upper end of the spigot 52 extends beyond the worm gear
wheel 54. The thumb chassis 22 of Figures 1 to 5 is mounted on the
upper end of the spigot 52. In use, the spigot 52, the worm gear wheel 54
and the thumb chassis 22 rotate together on the Oilite bearing. A worm 56

is supported in a housing 58 attached to the platform 16 such that the
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worm 56 is located behind (i.e. further away from the palmar region than)
the rotational mounting 32 and such that teeth (not shown) formed on the
outer surface of the worm gear wheel 54 mesh with the thread of the worm
56. A shaft extending from the worm 56 in a direction generally parallel to
a plane defined by the palmar region of the prosthetic hand 10 connects to
a planetary gearhead 60 having a 16:1 gearing ratio. The planetary
gearhead 60 is a Series 10/1 planetary gearhead from Dr. Fritz Faulhaber
GmbH & Co. KG of Daimlerstr. 23, 71101 Schonaich, Germany. The
planetary gearhead 60 connects to a gearbox 62 having a 4:1 gearing
ratio, which is configured to change a drive direction and which in turn
connects to a motor 64, which is located above the in-line disposition of
planetary gearhead 60 and worm 56. The motor 64 is a Series 1024
coreless DC micro-motor from Dr. Fritz Faulhaber GmbH & Co. KG of
Daimlerstr. 23, 71101 Schoénaich, Germany. Hence, in use, the motor 64
is operative to drive the gearbox 62, which in turn drives the planetary
gearhead 62, which drives the worm 56 to thereby cause rotation of the
worm gear wheel 54 and hence the rotational mounting 32. In
combination the planetary gearhead 62 and the gearbox effect a 64:1
reduction in the rotational speed of the motor 64.

Although the determination of the position of the thumb chassis 22 has
been described above as being performed by means of first 38 and
second 40 electrical switches, or rotary position sensor 44, it should be
appreciated that the position of the thumb chassis 22 may additionally or
alternatively be determined by electronically monitoring the “stall out” of
the motor 64. That is, the position of the thumb chassis 22 may be
determined by monitoring the drive current of the motor 64. Typically,
when the thumb chassis 22 reaches a stop position the current of the
motor increases. The drive current of the motor 64 is monitored, and if the

drive current increases for a given period of time (e.g. around a few
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milliseconds) the motor is stopped and a signal is given that the thumb
chassis 22 has reached its end position. The monitoring of the motor drive
current is typically performed by control software associated with the

prosthesis 10.
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CLAIMS

1. A hand prosthesis comprising:

a hand chassis;

a thumb member mounted on the hand chassis for rotation of the
thumb member in relation to the hand chassis about an axis extending
generally along the length of the thumb member;

a motor disposed on one of the hand chassis and the thumb
member, the motor being operable to drive a worm;

a worm gear wheel disposed on the other of the hand chassis and
the thumb member, the worm being in engagement with the worm gear
wheel such that, upon operation of the motor, the thumb member rotates
in relation to the hand chassis.

2. A hand prosthesis according to claim 1, in which the thumb member
is rotatable about a longitudinal axis of the thumb member.

3. A hand prosthesis according to claim 1 or 2, in which the motor is
disposed on the hand chassis and the worm gear wheel is disposed on the

thumb member.

4. A hand prosthesis according to claim 3, in which the worm gear
wheel is disposed towards a proximal end of the thumb member.

5. A hand prosthesis according to any preceding claim, in which the
worm is disposed on the hand chassis.

6. A hand prosthesis according to any preceding claim, in which the
motor is operable to rotate about a first axis and the worm is operable to
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rotate about a second axis, the first and second axes being spaced apart

from each other.

7. A hand prosthesis according to claim 6, in which the first and

second axes extend in substantially a same direction.

8. A hand prosthesis according to any preceding claim, in which the
hand prosthesis further comprises a coupling arrangement between the
motor and the worm, the coupling arrangement being configured such that

an axis of rotation of the worm differs from an axis of rotation of the motor.

9. A hand prosthesis according to claim 8, in which the coupling
arrangement comprises a gear arrangement configured to reduce a speed

of rotation.

10. A hand prosthesis according to claim 8 or 9, in which the hand
prosthesis further comprises a plurality of gear arrangements, with a first
gear arrangement forming part of the coupling arrangement and a second
gear arrangement mechanically coupling the coupling arrangement to the

worm.

11. A hand prosthesis according to claim 10, in which the second gear

arrangement is a planetary gear arrangement.

12. A hand prosthesis according to any preceding claim, in which the

thumb member is a thumb chassis.

13. A hand prosthesis according to claim 12, in which the thumb
chassis is mechanically coupled to the hand chassis at a plurality of

spaced apart locations.
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14. A hand prosthesis according to claim 13, in which the thumb
chassis is coupled to the hand chassis at a first location towards a first end
of the thumb chassis and towards a proximal end of the hand chassis, with
the worm and worm gear wheel being disposed in the hand prosthesis
towards the first location, and in which the thumb chassis is coupled to the
hand chassis at a second location towards a second, opposing end of the
thumb chassis and towards a distal end of the hand chassis.

15. A hand prosthesis according to any preceding claim, in which the
hand chassis comprises a platform extending in a plane generally
orthogonal of a plane in which finger members of the hand prosthesis lie

when the finger members are fully extended.

16. A hand prosthesis according to any preceding claim, in which the
hand chassis comprises a bearing that is operative to provide for rotation

of the thumb chassis in relation to the hand chassis.

17. A hand prosthesis according to claim 15, in which the hand chassis
further comprises a palmar chassis extending in a plane generally
orthogonal to the plane of the platform, the palmar chassis being
configured for mounting of at least one digit member thereon.

18. A hand prosthesis according to any preceding claim further
comprising a thumb assembly, with the thumb assembly comprising a
thumb body that corresponds to a natural thumb as defined by the

phalanges of the natural thumb.
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19. A hand prosthesis according to claim 18, in which the thumb
assembly is configured such that a central axis of the thumb body is
spaced apart from a central axis of the thumb chassis.

20. A hand prosthesis according to claim 18 or 19, in which the thumb
assembly comprises at least two articulated portions, with a pair of
articulated portions being movable in relation to each other about a joint.

21. A hand prosthesis according to claim 20, in which the thumb
assembly is configured for powered movement of the articulated portions
in relation to each other, with the hand prosthesis comprising a further
motor that is operable to provide for such powered movement.

22. A hand prosthesis according to any preceding claim, in which the
hand prosthesis comprises at least one finger member attached to the
hand chassis, with the finger member being configured for powered

movement of articulated portions of the finger member.

23. A hand prosthesis according to any preceding claim, in which the
thumb member is rotatable about an axis extending away from a proximal

end of the hand prosthesis.

24. A hand prosthesis according to any preceding claim, in which the
thumb member is rotatable about an axis substantially parallel to a plane
defined by a palm of the hand prosthesis.

25. A hand prosthesis according to any preceding claim, in which the
hand prosthesis further comprises a position determining apparatus that is
operative to determine a position of the thumb member.
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26. A hand prosthesis according to claim 25, in which the position
determining apparatus comprises at least one position determining sensor
that is operative to provide an electrical signal corresponding to a position

of the thumb member.

27. A hand prosthesis according to claim 25 or 26, in which the position
determining apparatus comprises a plurality of switches, with each switch
being operative when the thumb member is at a different position.

28. A hand prosthesis according to claim 25 or 26, in which the position

determining apparatus comprises a rotary position sensor.
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