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Table 5. A partial correlation table of contact strategies and purchase patterns for

bead sizes 6, 10 and 12 millimeters in diameter for both left and right hands.*

Purchase Pattern Purchase Pattern
Left Hand Right Hand
6 mm 10 mm 12 mm 6 mm 10 mm 12 mm

6mm | -0.1064 | -0.1892 | -0.1072| -0.1933 | -0.1493 | -0.0202
(37) 37 37) (37) (37) (37)
P=0.519 | P=0.249 | P=0.516 | P=0.238 | P=0.364 | P=0.903

10mm | -0.2024 | -0.1193 | -0.0176 | -0.2248 | 0.0044 | 0.2209
(37) (37) 37 (37) (37) (37)
P=0.216 | P=0.46% | P=0.915 | P=0.16% | P=0.97% | P=0.177

Contact Strategy
Left Hand

12 mm 0.0529 | -0.0390 | -0.0300 | -0.1755| -0.2198 | -0.1751
(37) (37) (37) (37) (37) (37)
P=0.745 | P=0.813 | P=0.856 | P=0.285 | P=0.179 | P=0.286

6 mm -0.0311 | -0.0532 | -0.0744 | -0.0232 | -0.2786 | -0.0944
(37 (37) (37} (37) (37) (37)

Eﬁﬁ P=0.851 | P=0.748 | P=0.653 | P=0.889 | P=0.086 | P=0.567
B ‘:% 10mm | -0.3441| -0.3589 | -0.1990 | -0.3853 | -0.2638 | -0.3923
g = (37 (37) (37) (37) (37) (37)
& P=0.032 | P=0.025 | P=0.225 | P=0.015 | P=0.015 | P=0.013
g R 12mm | -0.1327 | 0.0520| 0.0435' 0.0267] 0.0267| 0.1267

37) (37) (37) (37) (37) (37)
P=0.421 | P=0.753 | P=0.793 | P=0.872 | P=0.872 | P=0.443

*Reported in format (Coefficient/(Degrees of Freedom)/2-tailed significance). “X” is

printed if significance could not be computed.
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Therefore, the more digits recruited, the more stable the grip. A Type I (proper
pincer) grasp appeared most appropriate for the smallest object because contact space
was limited. In addition, there was more use of Type 4 and Type 5 patterns, in which
more than two digits contacted the bead, with beads of the largest diameters that
provided more contact space. Finally, there was a small but significant relation
between digit size and grasping pattern, again suggesting that subjects with smaller
digits are able to recruit more digits to assist in obtaining a stable grasp.

Despite the influence of the external properties of the objects and subject hand
size, there was still a remarkably wide range of intersubject grasp types used for every
object. Even though two different experiments were performed (random ordered
versus sequentially ordered), there were no significant difference between the results,
and so ordering of the bead sizes did not dictate the results. Different subjects used
the five contact strategies and almost any of the 28 grasp types. For example, some
subjects grasped all objects with a Type 1 grasp whereas other subjects preferentially
used a Type 2 or Type 3 grasp, in which one of the other digits was substituted for the
second digit of the Type 1 grasp. As well, the results show that there are a strong
correlations strategies used by the left and right hands, indicating that for each subject,
individual preference determined purchase patterns, as opposed to random choice.
Some subjects used grasp patterns in which all digits were flexed while others used
grasp patterns in which the nongrasping digits were extended and still other subjects
had the nongrasping digits flexed and open, flexed and closed, extended and open, or
extended and closed. Finally, contact strategy did not determine grasp pattern. Thus,
there are individual differences that strongly suggest that central factors play a strong

role in the type of grasp pattern used.
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Although there was no sex difference in the grasp subtype used, there was a
significant difference between females and males in the complexity of grasp-patterns
used. Females used more complex grasp patterns involving recruitment of more
digits compared to males. One possible explanation is that females have smaller hands
and thinner digits than males, as shown in the results, and hence are able to use more
digits on the surface area of a bead. This idea is supported by a study by Peters et al.
(1990), who found that sex differences on fine motor tasks disappear when finger size
is considered. It has also been proposed that testicular hormones contribute to the
intrinsic variability between sexes. Kimura and Vanderwolf (1970) report that
females are more flexible in digit use than males (Kimura and Vanderwolf 1970).
Similarly, females tend to show similar advantages in performing finger tapping
sequences and touching each finger in succession against the thumb, than do males
(Kimura and Vanderwolf 1970; Matano and Nakano 1998; Highley, Esiri et al. 1999,
Kimura 1999). Although hand size and sex were significant factors in influencing
grasp patterns, it is uncertain that the relationship is casual.

It is interesting that grasping variability has not received much study in
humans as it has in apes. Butterworth and Itakura (1998) show that older
chimpanzees mostly used a pincer grip on the smallest sizes of apple cubes and a
power grip position on the largest sizes, and that there are 4 variations of grasp
patterns by chimpanzees. The chimpanzees’ preference noticeably accounts for the
varying patterns of precision, imprecise, power and middle-index grips used for apple
cubes in intermediate sizes. It would be interesting to further explore the evolution of
the proper pincer grip, as the present study predicts that it likely originated for

grasping extremely small objects.
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The variability in grasping patterns used by different subjects could have a
number of explanations. Variation may be related to genetic heterogeneity, variations
in nervous system anatomical structure, or to learning. It is known that the motor
cortex has multiple digit representations, and because the motor cortex encodes a
large number of synergies (Schieber 1999; Hager-Ross and Schieber 2000; Schieber
2001; Schieber, Gardinier et al. 2001; Graziano, Taylor et al. 2002) variations in this
encoding may underlie variation. With respect to the learning hypothesis, during
developmental and beginning within the first two months of life, human infants
display prolonged practice exemplified by spontaneously generated hand and digit
movements, followed by self-grasping, and finally reaching (Wallace and Whishaw
2003). Smeets and Brenner (2001) have suggested adult grasping is the result of
learned control of individual digits, and this developmental practice may thus underlie
subsequent variation (Smeets and Brenner 2001). Future research could explore both
the inheritance of grasping strategies and their development in childhood.

An interesting finding of the present study was that the grasping patterns used
by the two hands of individual subjects were almost identical. This could have
resulted from the object familiarity gained after using the first hand, allowing the
other hand to use the vicariously obtained visual and tactile information. This seems
unlikely, however, because varying the sequence of bead size or varying the starting
hand did not affect interhand patterns. Thus, similar movements in the two hands
likely have central origins. It is unlikely that there is a hand command center in the
hand region of one hemisphere that undetlies interhand similarities, because there are
few or no direct interhemispheric connections between the hand regions of the motor
cortex (Andres, Mima et al. 1999). Possibly the command region for the selection of

grasping movements is in the parietal cortex (Mountcastle 1995; Connolly, Andersen
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et al. 2003). Haaxma and Kuypers (1974) have demonstrated using a disconnection
paradigm that visual control of grasping depends upon interhemispheric connections
originating in the parietal neocortex. For humans, it is likely that it is the left parietal
cortex that encodes individual preferences (Mountcastle 1995).
Children

Children, who have smaller hand size and were pre-pubertal, displayed a
similar distribution of grasp patterns and similar individual differences to adults.
Children were also similar to adults in preference of the index drag strategy, as well
the extensive use of the proper pincer and supported pincer grasping types over other
purchase patterns. Children, especially the younger ones, did tend to fail at retrieval
more often than the adults, and also exhibited an extra purchase pattern that adults did
not exhibit, the D/ & D4 pattern. This supports the theory that learning precision
grasp patterns involves experimenting with different grasping types and narrowing the
selection to the more efficient grasp patterns. Siddiqui (1995) cites that children tend
to use grasps involving the radial digits (the thumb, index and middle fingers) more
often as they grow older, and that is due to the better establishment of cortico-motor
neuronal connections in older infants. Unlike the adults, there was no effect of gender
on the purchase pattern preferences in the children. The average difference of hand
size between boys and girls is a smaller discrepancy than the adult gender hand size
differences. Kuhtz-Bushbeck et al. (1998), state that the dependence on visual control
of movement declines during motor development, and suggest that the development
of prehensile skills during childhood lasts until the end of the first decade of life,
which may explain the increased rate of failing at bead retrieval for children under the

age of 12 (Kuhtz-Buschbeck, Stolze et al. 1998).
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Older Adults

For the contact strategies, the older adults tend to use a combination of the
most popular strategies used by adults and children, that is, the index drag, both, and
thumb drag strategies. There was no effect of sex or dexterity on any of the contact
strategies. However, there was an effect of age only on the most common contact
strategy, index drag. The distribution of contact strategies were more pronounced in
the elderly, in that the preferred strategies were significantly used more than the
thumb stay or the index stay strategies.

As well, the purchase pattern distribution across the different bead sizes was
quite different compared to the adults and children. There was less variation used in
the mid sized beads, and more use of proper pincer and the supported pincer
compared to the other purchase patterns. The 5-digit grasp and the improper
triangular grasp were not present in older adults, and there was minimal use of the
improper pincer, unlike in normal adults and children. This loss of variation may be
due to the use of grasps that can apply greater grip force because of the decrease of
sensory feedback that occurs with age (Cole, Rotella et al. 1999; Ranganathan,
Siemionow et al. 2001; Gilles and Wing 2003). The grasps that recruit more digits
may provide more stability with less force. It would be interesting to determine grip
force of other variations of precisions grasps, aside from the pincer grasp.

The older adults also exhibit less variation in the presence of different postures
for the non-grasping digits. There was no use of the close-extended posture,
compared to normal adults and children. As well, the open-flexed posture was used
more by adults with higher dexterity indices.

The lack of variation in the purchase patterns and postures clder adults

supports the hypothesis that aging may play a factor in the selection of the most
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efficient grasp patterns. Normal deterioration of hand function, due to local
structural changes as well as a more distant loss of neural control, may attribute to the

loss of variation within normal older adults (Carmeli, Patish et al. 2003).
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CHAPTER FIVE
GENERAL DISCUSSION

Nature-Nurture Dichotomy

The nature-nurture dichotomy is a long-standing problem addressed by
biologists and psychologists alike. Behaviors can be attributed to either “biclogy™ or
genetic inheritance (nature) or learning from experiences (nurture). Genetic
inheritance of behaviors would predict that there are similar brain structures that are
responsible for similar behaviors across all individuals. This would be because similar
genetics (from the human genome) in people dictate the formation of the cortex, and
hence its underlying behavior. Another prediction suggests that learning from
experience would imply that people raised in different environments have different
experiences, and in turn exhibit different and variable behaviors across all individuals.
Therefore, we would expect variable brain structure (from incorporating learned
aspects into the cortex) and variable behaviors. A third prediction also arises, in
which a combination of both biology and environmental factors attribute to behaviors
in individuals. This would mean that there would be some variation of a certain
behavior because the experiences of each individual is different, but that variation
would be minimal, as similar biology across all humans would constrict the amount of
variation that is possible. In this thesis, precision grasping is examined in terms of
this central problem.

Early Studies

Early literature first noted that infants developed grasping abilities in distinct
phases. (Myers 1915; Halverson 1931; Castner 1932) confirmed the phases of
grasping, starting with the kinaesthetic grasping reflex that was present within the first

few days of birth. Infants then learn to inhibit that reflex and begin to start actively
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reaching for objects after visual acknowledgement after a couple of months after birth.
At around ten months after birth, infants are able to use “volar” or precision grasping.
(Wallace and Whishaw 2003) have also noted that before targeted grasping
movements, infants 1 to 5 months of age progressed, in order, from closed fists to
vacuous (empty)} hand movements, and finally to self directed grasping. Wallace and
Whishaw suggest that this “hand babbling” in infancy is to prepare and practice for
targeted reaching later in life. The function of “hand babbling™ is comparable to the
function of babbling in the development of language (Werker and Tees 1983). Since
all human infants follow the same phases for the development of grasping, this
implies that nature (biology) determines the development of grasping. Wallace and
Whishaw suggest that the development of these complex hand and digit movements
may be mediated by the development of the pyramidal tract, including the pruning of
exuberant axons and connection of the remaining axon terminals to spinal cord and
motor neurons.

Early literature examining the effects of brain damage on grasping also
implies that nature (genetics) affects grasping in adults. (Adie and Critchley 1927,
Walshe and Robertson 1933) have examined patients that exhibited “forced grasping
and groping”, in which the patients grabbed and held onto objects placed in their palm
without being able to control the reflex. After examining the patients’ cortices after
they died, Adie and Critchley and Walshe and Robertson found that an area in the
frontal lobe was damaged in each patient. This area is later defined as the
supplementary motor areca (SMA) (Smith, Frysinger et al. 1983). Smith et al. found
similar damage in the SMA in primates resulted in forced grasping. Damage to the

SMA leads to forced grasping and groping behavior in people and in monkeys,
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supporting the “nature” aspect of the nature-nurture dichotomy, in which the SMA
has similar function and location in humans and primates.

Subsequent studies on grasping have focused on taxonomy and grasping
components of humans (Napier 1956; Elliott and Connolly 1984; Cutkosky 1989;
Siddiqui 1995). Napier (1956) was the first to provide a classification of grasping in
adults by describing two types of grasping: power grasps and precision grasps. Elliot
and Conolly (1984} distinguished between intrinsic movements, coordination of the
hand to grasp an object, and extrinsic movements, the total movement of the hand and
the object grasped. Cutkosky (1989) classified grasping into 9 types of power grasps
and 7 types of precision grasps for use in robot arms. Finally Siddiqui (1995) studied
prehension in children and developed a 6 part classification system based on the
number of digits children use to pick up objects. The similarity across all the studies
mentioned above is that grasping is not limited to one pattern. The variations that
exist for grasping support the notion that experience (nurture) plays an important role
in determining what 1s the most efficient grasp type to use, leading to differences in
grasp preferences.

Present Studies

Present studies use quantifiable variables, such as displacements, trajectories,
velocities, neuron firing and reactions to neuron stimulation, to measure grasping.
These studies include kinematic analysis, dynamic analysis, and electricai stimulation
and recording.

In particular, kinematic analysis examines the reach-to-grasp trajectories and
velocities of limb segments while grasping. These reach to grasp trajectories are well
defined in normal people, and are often compared to patients with movement

disorders, such as Parkinson’s patients and those with other neurological disorders
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(Edin, Westling et al. 1992; Johansson and Cole 1994; Johansson, Backlin et al. 1999;
Hosseini, Hejdukova et al. 2000). Visual, mass and density variables can also be
manipulated in order to examine the effects of vision on grasping trajectory (Servos,
Goodale et al. 1992; Castiello 2001; Milner, Dijkerman et al. 2001; Gentilucci 2002;
Jackson, Newport et al. 2002; Smeets, Brenner et al. 2002). The results of these
studies, show that trajectories are well defined and similar in most individuals,
support the notion that biology and genetics determine grasping.

Studies that examine the response of neurons to behaviors exhibited by an
animal are called electrical recording studies. A good example of a grasping study is
(lwamura and Tanaka 1996), in which researchers recorded from 109 neurons in the
somatosensory area in 4 monkeys while they reached for objects. They found that
neurons in the medial digit region fired to power grasping and scratching or touching
behaviors and neurons in the lateral region fire to precision grasping behaviors. This
supports (Schieber 2001) reviews of multiple complex maps in the cortex that
represent the hand and digit area.

These representations are plastic and can change with damage and
rehabilitation after damage (Nudo and Milliken 1996; Nudo, Wise et al. 1996, Friel
and Nudo 1998). Nudo et al. trained the monkeys to retrieve food pellets and mapped
the hand and digit representation areas in the primary motor cortex (M1) using
intracortical microstimulation (ICMS), after which they lesioned the hand area in M1.
They showed that showed that after damage and no rehabilitation, the hand and digit
representations in the brain shrank. With rehabilitative training the hand and digit
region representations were spared (See Figure 5.1). This evidence supports that
notion that experience (nurture) plays a large role in the behavior and brain structure

of an animal.
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T TP SO

Figure 5.1 Hand and digit representations in the primary motor cortex pre and post
ischemic infarct. Note the larger hand representation after constraint and rehabilitation.

{Figure acquired online from Nudo et al. 1998)
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Eshkol-Wachmann Movement Notation

In order to examine similarities of behaviors across individuals, the use of
Eshkol-Wachmann Movement Notation (EWMN) to distinguish behavior is needed.
Former studies have used EWMN to characterize distinguishable attributes of
grasping behaviors that can be quantifiably analyzed (Whishaw and Pellis 1990;
Whishaw, Suchowersky et al. 2002).

The use of EWMN in this thesis was no exception. By analyzing in detail the
most common precision grasp, the pincer grasp, a strategy for object retrieval can be
isolated, and the movements separated into other possible combinations. EWMN
analysis of the pincer grasp teased out the contact strategy “thumb drag”, in which the
thumb first contacts the object and drag it towards the index finger. From that result.
four other possible combinations were interpolated: 1) “index drag” contact strategy,
in which the index drags the object toward the thumb; 2) “thumb stay” contact
strategy in which the thumb contacts the object and stabilizes it for the index finger to
contact; 3) “index stay” contact strategy, in which the index finger stabilized the
object for the thumb; and 4) “both” contact strategy, in which both the index finger
and the thumb contact the object at the same time. These five variations in turn have
there own intrinsic properties for the thumb and index finger, and are addressed below.

Kinematic Analvsis of Precision grasping

The kinematic analysis of the five contact strategies not only determined the
thumb and index properties velocities during reach, but also confirmed the existence
of these strategies. The ideal properties for each strategy is as follows: 1) The “index
drag” and “thumb stay” contact strategies consist of the index finger velocity peaking
sooner and having a higher peak velocity than the thumb; 2) the “both™ contact

strategy have relatively similar index finger and thumb peak velocities, and similar
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times to reach peak velocity; and finally 3) in the “thumb drag” and “index stay”
contact strategies, the thumb has a higher peak velocity and reaches peak velocity
sooner than the index finger. These findings lead to the question, what other
variations of precision grasping are there?

Variations of Precision Grasping

Previous work has examined the effects of external factors, such as the size
and shape of objects, in determining grasp patterns used by humans. Here, by using a
limited range of objects of similar shape but slightly different sizes, the possible
contribution of central factors (individual preferences) to grasping patterns was
examined. The subjects were filmed reaching for small beads, having the same texture
but differing in size, and grasp patterns were analyzed using frame-by-frame video
analysis. There were five contact strategies based on whether the index or the thumb
stabilized or dragged the object towards the opposing digit, seven purchase (or

-grasping) patterns based on the number of digits used to grasp the object, and four
subtypes (based on the posture of the non-grasping digits) each, based on the digits
and the number of digits used to contact the bead. Some, but not all, variance was
accounted for by object size, hand size, and sex. Thus the main findings are that there
is substantial variation in human grasping and so central factors are influential in use
of grasp type.

Previous research has demonstrated that external factors (shape and size of the
object) influence hand-grasping patterns. The objective of the present experiment was
to examine whether central factors are also influential in determining grasp
preference; that is, whether there is intersubject variation in grasping. In the design of
the experiment, round small beads were selected for two reasons. First, their shape

would limit the variability in digit contacts with the object. It was presumed that
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subjects would be most likely to contact the object with digit pads placed tangential to
the horizontal and vertical midline of the objects (Goodale and Milner 1992). Second,
small objects were used because it was hypothesized that a pincer grasp would be
appropriate for all of the objects (Napier 1956). For example, the largest object was
smaller than a jelly bean, an object that Napier (1980, p. 59) uses as an exemplar
object for directing the pincer grasp. Thus, by reducing the variability of the objects,
intrinsic factors could be identified more easily. In this respect, the experiment was
successful, in that with the exception of the smallest object, for which most subjects
used a Type [ (conventional pincer grasp), there was considerable interindividual
variation in the way that subjects contacted the beads, grasped the beads, and in the
posture of the non-grasping digits.
Normal Adults

There was evidence that external factors did influence grasp pattern even with
the limited variability of the target objects. Napier (1956) proposes that grasp patterns
will vary depending upon the need to stabilize a target object. Therefore, the more
digits recruited, the more stable the grip. A Type | (proper pincer) grasp appeared
most appropriate for the smallest object because contact space was limited. In
addition, there was more use of Type 4 and Type 5 patterns, in which more than two
digits contacted the bead, with beads of the largest diameters that provided more
contact space. Finally, there was a small but significant relation between digit size
and grasping pattern, again suggesting that subjects with smaller digits are able to
recruit more digits to assist in obtaining a stable grasp.

Despite the influence of the external properties of the objects and subject hand
size, there was still a remarkably wide range of intersubject grasp types used for every

object. Even though two different experiments were performed (random ordered
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versus sequentially ordered), there were no significant difference between the results,
and so ordering of the bead sizes did not dictate the results. Different subjects used
the five contact strategies and almost any of the 28 grasp types. For example, some
subjects grasped all objects with a with a Type 1 grasp while other subjects
preferentially used a Type 2 or Type 3 grasp, in which one of the other digits was
substituted for the second digit of the Type 1 grasp. As well, the results show that
there are a strong correlations strategies used by the left and right hands, indicating
that for each subject, individual preference determined purchase patterns, as opposed
to random choice. Some subjects used grasp patterns in which all digits were flexed
while others used grasp patterns in which the nongrasping digits were extended and
still other subjects had the nongrasping digits flexed and open, flexed and closed,
extended and open, or extended and closed. Finally, contact strategy did not
determine grasp pattern. Thus, there are individual differences that strongly suggest
that central factors play a strong role in the type of grasp pattern used,

Although there was no sex difference in the grasp subtype used, there was a
significant difference between females and males in the complexity of grasp-patterns
used. Females used more complex grasp patterns involving recruitment of more
digits compared to males. One possible explanation is that females have smaller hands
and thinner digits than males, and hence are able to use more digits on the surface
area of a bead. This idea is supported by a study by Peters et al. (1990), who found
that sex differences on fine motor tasks disappear when finger size is considered. It
has also been proposed that testicular hormones contribute to the intrinsic variability
between sexes. Kimura and Vanderwolf (1970) report that females are more flexible
in digit use than males. Similarly, females tend to show similar advantages in

performing finger tapping sequences and touching each finger in succession against
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the thumb, than do males (Kimura and Vanderwolf 1970; Matano and Nakano 1998,
Highley, Esiri et al. 1999; Kimura 1999). Although hand size and sex were significant
factors in influencing grasp patterns, it is uncertain that the relationship is casual.

It is interesting that grasping variability has not received much study in
humans, whereas it has received extensive study in apes. Butterworth and Itakura
(1998) show that older chimpanzees mostly used a pincer grip on the smallest sizes of
apple cubes and a power grip position on the largest sizes, and that there are 4
variations of grasp patterns by chimpanzees. The chimpanzees’ preference noticeably
accounts for the varying patterns of precision, imprecise, power and middle-index
grips used for apple cubes in intermediate sizes (Butterworth and Itakura 1998). It
would be interesting to further explore the evolution of the proper pincer grip, as the
present study predicts that it likely originated for grasping extremely small objects.

The variability in grasping patterns used by different subjects could have a
number of explanations. Variation may be related to genetic heterogeneity, variations
in nervous system anatomical structure, or to learning. It is known that the motor
cortex has multiple digit representations, and because the motor cortex encodes a
large number of synergies (Schieber 1999; Hager-Ross and Schieber 2000; Schieber
2001; Schieber, Gardinier et al. 2001; Graziano, Taylor et al. 2002) variations in this
encoding may underlie variation. With respect to the learning hypothesis, during
developmental and beginning within the first two months of life, human infants
display prolonged practice exemplified by spontaneously generated hand and digit
movements, followed by self-grasping, and finally reaching (Wallace and Whishaw
2003). Smeets and Brenner (2001) have suggested adult grasping is the result of

learned control of individual digits, and this developmental practice may thus underlie
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subsequent variation. Future research could explore both the inheritance of grasping
strategies and their development in childhood.

An interesting finding of the present study was that the grasping patterns used
by the two hands of individual subjects were almost identical. This could have
resulted from the object familiarity gained after using the first hand, allowing the
other hand to use the vicariously obtained visual and tactile information. This seems
unlikely, however, because varying the sequence of bead size or varying the starting
hand did not affect interhand patterns. Thus, similar movements in the two hands
likely have central origins. It is unlikely that there is a hand command center in the
hand region of one hemisphere that underlies interhand similarities, because there are
few or no direct interhemispheric connections between the hand regions of the motor
cortex (Andres, Mima et al. 1999). Possibly the command region for the selection of
grasping movements is in the parietal cortex (Mountcastle 1995; Connolly, Andersen
et al. 2003). Haaxma and Kuypers (1974) have demonstrated using a disconnection
paradigm that visual control of grasping depends upon interhemispheric connections
originating in the parietal neocortex. For humans, it is likely that it 1s the left parietal
cortex that encodes individual preferences [15,23].

Children

Children, who have smaller hand sizes and were pre-pubertal, displayed a
similar distribution of grasp patterns and similar individual differences to adults.
Children were also similar to adults in preference of the index drag strategy, as well
the extensive use of the proper pincer and supported pincer grasping types over other
purchase patterns. However, the children, especially the younger ones, did tend to fail
at retrieval more often than the adults, and also exhibited an extra purchase pattern

that adults did not exhibit, the D] & D4 pattern. This supports the theory that
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learning precision grasp patterns involves experimenting with different grasping types
and narrowing the selection to the more efficient grasp patterns. Siddiqui (1995) cites
that children tend to use grasps involving the radial digits (the thumb, index and
middle fingers) more often as they grow older, and that is due to the better
establishment of cortico-motor neuronal connections in older infants (Siddiqui 1995).
Unlike the adults, there was no effect of gender on the purchase pattern preferences in
the children. The average hand size for the girls was less than the boys, and the
discrepancy is smaller than the adult gender differences. Kuhtz-Bushbeck et al.
(1998), state that the dependence on visual control of movment declines during motor
development, and suggest that the development of prehensile skills during childhood
lasts until the end of the first decade of life, which may explain the increased rate of
failing at bead retrieval for children under the age of 12 (Kuhtz-Buschbeck, Stolze et
al. 1998).
Conclusion

In summary, kinematic analysis into the contact strategies shows that
conventional measures of kinematic analysis must be supplemented with video and
behavioural analysis in order to obtain a better understanding of the strategies
involved with fine prehension. It is suggested that the classification presented here
may be a useful tool in evaluating brain organization of hand movements as well as
providing a standard against which to compare deficits in skilled movements. There
were three patterns of variation that were classified in the present experiment: 1) the
digit contact strategy, 2) the purchase pattern, and 3) the posture of the non-grasping
digits. Each of these components presents several variations that are not obviously
related to external factors such as object size, hand size, sex, and handedness.

This variability in grasping strongly suggests that individual preference is
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determined by central factors, possibly related to learning or to central organization.
The similarity of the purchase patterns across both hands suggests that these patterns
may be encoded within a hand control area of one hemisphere. The similarity between
the distribution of purchase patterns across bead sizes for normal adults and children,
and the extra purchase pattern exhibited by children, indicate that there is some neural
hard-wiring for purchase pattern preference followed by corticomotor refinement in
the later ages of development. As well, the loss of variation in the grasp patterns and
postures of the elderly indicate that the normal deterioration of hand function may be
a factor in the loss of fine motor skills with age. This loss may be similar to those
exhibited in those with motor afflictions, such as Parkinson’s disease, and a
comparison study into the differences between normal deterioration of fine motor
skills and those afflicted with motor disorders may provide insight into rehabilitative
and prophylactic therapies. These biological factors constrain the amount variance for

precision grasping, however, variance still exists.
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Appendix 1: Consent forms for Parents and Guardians of Children and for

Older Adults.

Dear Parents and Guardians:

I am requesting your child’s participation in a study relating to object handling
abilities. This study will involve a short series of trials during which the child will be
required to reach for and pick up different objects. In addition, the child will be
required to answer some basic questions regarding activities of interest. The
experiment will take approximately 10 to 20 minutes. Once your child has completed
the experiment, I will provide a complete debriefing. The information from this study
will be reported in general terms without reference to your child’s particular results.
The complete results of the study will be available in about six months. If you wish to
obtain a copy of these results, you may contact me.

[ hope you will allow your child’s participation in this study, but if for any reason you
decide to withdraw your child from the experiment, you are free to do so. If you have
any questions about the study, please call me at the University of Lethbridge [Phone:
(403)394-3928]. Questions of a more general nature may be addressed to the Office
of Research Services, University of Lethbridge [Phone: (403)329-2747].

Yvonne Wong

Canadian Centre for Behavioural Neuroscience
Department of Psychology and Neuroscience
University of Lethbridge

I consent to allow my child to participate in the study entitled, “Investigations into the
development of the human pincer grasp in childhood” as described in the letter dated
January 13, 2003,

Printed Name and Signature Date
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August 15, 2003
Dear <name>:

I am requesting your participation in a study relating to object handling abilities. This
study will involve a short series of trials during which you will be required to pick up
different sized marbles/beads and place them in a box. These trials will be filmed,
with a video-camera recording your hand posture while you pick up these beads. The
experiment will take approximately 5 to 15 minutes, and there will be a complete
debriefing upon completion of the experiment. The information from this study will
be reported in general terms without reference to your particular results, The
complete results of this study will be available in about six months. If you wish to
obtain a copy of these results, you may contact me.

I hope you will participate in this study, but if for any reason you decide to withdraw
from the experiment, you are free to do so. If you have any questions about the study,
please call me at the University of Lethbridge [Phone: (403) 394-3928] or email me at
yvonne.wong@uleth.ca. Questions of a more general nature may be addressed to the
Office of Research Services, University of Lethbridge [Phone: (403) 329-2747].

Yvonne Wong

Canadian Centre for Behavioural Neuroscience
Department of Psychology and Neuroscience
University of Lethbridge.

[ < name > consent to participating in the study entitled “Investigations
into precision grasps of healthy elderly” as described in the letter dated August 15,
2003.

Signature Date
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Appendix 2: Questionnaires and Surveys for Children and Older Adults

Investigation into the Development of the Human Pincer Grasp in Childhood

Subject #
Handedness
Age
Sex
Grade

1. Can you write the alphabet?
2. How long have you known this?

3. What hobbies do you have (e.g., sewing, needle work, sports)? How many times a
week do you do each?

=

. Do you like to do arts and crafts? How many times a week?
5. Do you enjoy building with lego or building blocks or working with tools?

6. Do you play video games? What kind (RPG, fighting, adventure, puzzle)? How
many times a week?

Older Children:

7. Do you draw/paint/do calligraphy?
8. Play sports?

9. Dance?

10. Play any instruments?
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Investigation into the aging of precision grasping in elderly people

Name: Right Hand Left Hand
Subject #: Length | Width | Length | Width
Age: Thumb
Sex: Index
Handedness: Middle
Ring
Pinky
1. Do you do needle-work, knitting, etc...? How often do you knit/sew/etc?
2. Do you like to do arts and crafts (eg. painting, sculpting, macramé)? If so,
what type? How often?
3. Do you play any instruments? Which instrument(s)? How many times a
week?
4, Do you type on the computer? How often? How many words a minute do
you type?
5. Do you play video games such as X-Box, Playstation, Gamecube, PC, ete? If
so, what kind of games (fighting, puzzle, RPG)? How often do you play?
6. Do play sports or dance? If so, which sports/dance? How often do you
practice/play?
7. Do you have any other hobbies that require finger movements (eg. Jigsaw
Puzzles, Woodwork)? If so, what are they and how often do you do them?
8. Do you have any medical motor conditions (such as Parkinson’s, Alzheimers,

arthritis or previous strokes)? If so, are you on medication at this time?

Thank vou for your time and patience in completing this questionnaire.





