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A CLASSIFICATION OF MANIPULATIVE

HAND MOVEMENTS

liott

J M E
K. J. Connolly

We use our hands to accomplish an
enormous range of everyday actions. In
reaching for, grasping and using objects,
the whole upper limb and trunk are
involved, but in many cases where fine
manipulation is required it involves
movement of an object within the hand
itself. Such manipulations thus depend on
the organisation and co-ordination of
movements of the digits. Little systematic
description of patterns of digit co-
ordination in dextrous movements has
been attempted, despite their likely clinical
significance. Separate assessment pro-
cedures for such conditions as cerebral
palsy (Holt 1965) and rheumatoid arthritis
(Dickson and Nicolle 1972) have used
whatever descriptions of action were
convenient for the particular condition,
with a consequent lack of comparability
between methods (Elliott 1979).
Landsmeer (1962) drew an important
distinction between gripping and handling
objects. He considered the power grip as
the means by which an object could be
immobilised within the hand, i.e. gripped,
this terminology and usage deriving from
Napier (1956). When considering objects
held in the fingers and opposed thumb,
however, Landsmeer used the term
‘precision  handling’, whereas Napier
referred to the ‘precision grip’. Landsmeer
thus retained Napier’s power/precision

dichotomy, objecting only to the term
‘grip’ for the precision configuration.
However, while the distinction between
gripping and handling is important, it
should not be confused with the power/
precision dichotomy, since to do so is to
confound anatomical and functional
descriptions which need to be kept
separate, There is a strong case for a
functional distinction between digital
prehensile patterns and palmar grips,
independently of their anatomical character.

If an object is gripped so that it is held
immobile in the hand and cannot be moved
within the hand by the digits, then it has
fewer degrees of freedom of movement. The
movement of an object held in this way has
to be achieved by moving the hand as a
whole, using some combination of wrist,
upper limb and trunk. The compensating
gain is that greater force can beapplied with
the object. A suitable grip for immobilising
the object (unless it is small) is one in which
the object is held in contact with the palm,
and this normally means a power grip.

If, alternatively, an object is held in the
digits so that it can be manipulated within
the hand itself, then the gain is not in
precision or delicacy of movement, but
rather in variety of movement. This in turn
leads to convenience and economy of
action, since it is usnally an advantage to
minimise involvement of the upper limb or
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trunk when moving a prehended object. It
would be awkward, for example, if the only
way of winding a watch was by rotating the
wrist. To some extent digital grips
encourage delicacy and precision of
movement as a simple consequence of the
variety of movement possible, but delicate
and precise movements are perfectly
possible with power grips, as Napier (1956)
recognised. Nor is it the case that digital
prehensile patterns are inevitably precision
configurations in the anatomical sense.
Studies on the development of hand
function suggest that during the first five
years or so there is ‘a considerable
improvement in the ability to manipulate
objects, using prehensile patterns which do
not fall clearly into a power grip/precision
handling dichotomy, where the latter refers
to an opposed thumb with digital
manipulation (Connolly and Elliott 1972,
Connolly 1973, Moss and Hogg 1981). In
this paper also, manipulative patterns are
described which do not meet the
anatomical criteria of precision, but which
nonetheless are digital patterns.

Palmar grips immobilise objects in the
hand by maintaining them in contact with
the palm, and are usually power grips.
Digital manipulative patterns entail in-
dependently co-ordinated digit movements
intended to move objects within the hand
at the expense of some reduction in
stability and power. The anatomical
relationships displayed in such a case may
be quite varied. They do not all fall into the
category of precision handling, ana-
tomically defined, and they do not
necessarily offer greater functional precision.

Classification of movement patterns
The importance of digital manipulative
patterns was noted by Elliott (1979) in the
context of a distinction between intrinsic
and extrinsic movements of the hand.
Intrinsic movements are defined as co-
ordinated movements of the digits to
manipulate an object within the hand*.
They are contrasted with extrinsic move-
ments, defined as movements of a
prehended object by displacement of the
hand as a whole, using the upper limb.
At first glance the hand displays a
*Intrinsic movements are not defined as movements

made with the intrinsic muscles of the hand, though
these are often involved.

bewildering variety of intrinsic manip-
ulative movements. However, we believe
that these can be reduced to three basic
classes, which we call simple synergies,
reciprocal synergies and sequential patterns.
Within each of these classes a range of
movement patterns may be described. In
forming these three classes we have not
included flexor/extensor movements of
individual digits, as used, for example, in
keyboard skills such as piano playing and
typing, or in certain grooming movements.
Nor have we considered unique patterns
devised ad hoc, or systematically taught, to
accomplish particular tasks. What we have
sought are descriptions of all the common
intrinsic manipulative patterns shown by
normal individuals.

The three classes are derived as follows.
Most kinds of intrinsic movement involve
a single co-ordinated pattern of digit
movements. The movements may be
reversed, as in screwing vs unscrewing with
thumb and fingers, but they involve the
simultaneous use of the digits in a single
pattern, However, some other patterns
entail the independent co-ordination of
digits in a characteristic sequence. Some
digits support the object while others are
repositioned: these then move the object
on, in turn supporting while the previous
supports are themselves repositioned, and
so on. This results in a characteristic
discontinuous motion of the object. A
distinction between simultaneous and
sequential movement patterns is therefore
established and used to distinguish the two
synergy classes from sequential patterns.

Within the simultaneous patterns,
simple and reciprocal synergies are
distinguished. Simple synergies are de-
fined as those in which all movements of
the participating digits, including the
thumb, are convergent flexor synergies.
There may be an alternation of flexor and
extensor synergies, as in repeatedly
squeezing a rubber bulb, but in either case
the movements of all the digits are the
same. Reciprocal synergies, by contrast,
involve combinations of movements in
which the thumb and the other partici-
pating digits show dissimilar or re-
ciprocating movements, such as flexion of
the fingers with adduction or extension of
the thumb. The justification for dis-
tinguishing these two classes of synergy is
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INTRINSIC MOVEMENTS

—— SIMULTANEOUS

——— SEQUENTIAL

Simple Synergies

Reciprocal Synergies

Thumb Adducts/Abducts — 1 Twiddle
Rock

Thumb Flexes/Extends Radial Roll
E Index Roll
Full Roll

l——— Sequential Patterns

Pinch
}:: Dynamic Tripod
Squeeze

Rotary Step
l: Digital Step
Linear Step

Fig. L. Classification of intrinsic hand movements.

that only in the case of reciprocal synergies
is the thumb’s capacity for movement
independent of the fingers used in the
manipulation of objects. A high proportion
of intrinsic movements appear to fall into
this category.

Our observations indicate that although
in many patterns of intrinsic movement the
thumb shows some proportion of both
adduction/abduction and flexion/exten-
sion, one or other of these types of
movement predominates in any given
pattern. A subdivision of reciprocal
synergies therefore is made into those
involving principally thumb adduction
and abduction, and those involving
principally thumb flexion and extension,
though we recognise that this distinction is
one of degree and is not absolute.
Circumduction of the thumb, for example,
involves both types of thumb movement in
succession. However, the distinction is
usually practicable, and the patterns so
distinguished plainly different.

Under each of the three classes of
intrinsic movement described above, a
number of separate patterns may be listed.
They are distinguished mainly by the
number of digits involved, and are

described in the following section. The
classification is shown in Figure 1.

Individual patterns of intrinsic movement
Certain conventions of terminology have
been adopted in describing the individual
patterns of movement listed in Figure 1.
The digits are identified as thumb, index,
and digits 3, 4 and 5. Naming the thumb
and index reflects their particular func-
tional importance in many patterns.

In synergistic movements of the fingers,
adduction and abduction are convention-
ally defined relative to the neutral digit 3.
However, individual fingers, including
digit 3, are capable of independent radial
or ulnar deviation. These latter terms
therefore are used to refer to movements of
the fingers in the plane of the palm, except
where a synergistic adduction or abduction
of all fingers is involved (Fig. 2). The
conventional definitions of abduction and
adduction in the thumb are retained, and it
is accepted that thumb abduction necess-
arily entails rotation.

Some intrinsic movements impart a
rotary motion to an object, others a linear
one. It is wuseful to describe the
characteristic axis about which or along
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{a) (b)

(c)

Fig. 2. Dorsal view of right hand. (a) Abduction of
fingers and extension of thumb. () Adduction of
fingers and partial flexion of thumb. (c) Radial
deviation of fingers and extension of thumb. It
should be noted that some individuals cannot easily
radially deviate digit 5. (d) Ulnar deviation of
Sfingers and extension of thumb.

which such movements are made. There
are three principal axes, running distal-
proximal, ventro-dorsal and radio-ulnar
(Fig. 3a). An axis intermediate to these
may be described by a compound name,
e.g. distal-ventral refers to the axis running
obliquely downward and forward from the
dorsum of the hand (Fig. 3b).

Detailed descriptions of individual
patterns of intrinsic movement are given
below, following their grouping under the
basic classes shown in Figure 1. The
descriptions are derived from observations
and video recordings made on a number of
adults and some children. The activities
involved included a range of natural and
contrived manipulative tasks.

Simple synergies

Pinch

The object, typically small, is held between
the pulp surfaces of the opposed thumb
and index finger (Fig. 4). Concurrent
flexion of these digits moves the object
towards the radial hand, concurrent
extension moves it away. The pinch is used

in tasks such as removing splinters or
manipulating thread. [t is often combined
with extrinsic movement of the whole
hand.

Dynamic Tripod
This pattern has been described by
Rosenbloom and Horton (1971), and is
typically seen in using a pen (Fig. 5). The
pen is grasped between the radial distal
surface of digit 3 and the pulp surfaces of
the thumb and index. The latter- is
somewhat less flexed than the other
fingers, which tend to be in the neutral
position. The thumb is relatively fully
opposed. :
Simultaneous flexion or extension of the
radial digits, especially at the inter-
phalangeal joints, results in movement of
the pen in a proximal-distal axis. Although
this basic pattern may be supplemented by
a certain amount of lateral deviation of the
fingers, giving a component ol movement
in the radio-ulnar axis, the principal
movement is a simple flexor or extensor
synergy. When used in writing, this creates

(a) Distal

Ventral

Radial o y Ulnar

Dorsal

Proximal

(b)

/ P
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Distal-Ventral

Ventral

Fig. 3. System of reference axes for hand: (a) three
orthogonal axes, (b) intermediate axis.






