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ABSTRACT

Dentistry is a profession that involves the acquisition and maintenance of fine psycho-
motor skills. The many components of the motor system in the brain work together
during all movements, but each area is activated to a varying degree depending on
whether an individual is learning, training or maintaining expertise. The transition from
nonexpert to expert involves practice and experience to allow imprinting of neuronal
connections within the brain, which in turn causes those practised movements to become
automated. With age, many people slowly lose memory, but are the fine motor move-
ments that a dentist has mastered over a lifetime also lost? The aging expert experiences
the same deterioration as an aging nonexpert in tasks that are unrelated to the exper-
tise, but tasks that an expert has selectively maintained through decades of practice are
retained through aging.
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Motor Activity in the Brain:

maintenance of specific fine motor skills.

The precise handedness and manual
dexterity required to accomplish complex
sensorimotor hand movements parallels the
regulation of such activities by the brain. How
do acquisition and maintenance of psycho-
motor skills occur and how can this process
be optimized? The answers to these questions
are relevant to professions such as dentistry,
and dental schools may consider them when
designing their curricula.! This paper begins
with an introduction to the neurologic regula-
tion of motor activity by the brain, followed
by a review of how psychomotor skills are ac-
quired. Finally, we discuss how psychomotor
skills that have been mastered by the dentist
earlier in life are retained with age.

Dentistry involves the acquisition and
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An Introduction

Much research has focused on identifying
and understanding the specialized parts of the
brain that control motor activity. Techniques
that allow researchers to visualize brain ac-
tivity during motor tasks include functional
magnetic resonance imaging (fMRI) and re-
petitive transcranial magnetic stimulation.
The areas of the brain involved in fine motor
movements include the primary motor cortex,
premotor cortex, presupplementary cortex and
basal ganglia, supplementary cortex, posterior
parietal cortex and cerebellum (Fig. 1)**:

e The primary motor cortex is organized
in an orderly manner called somatotopic
organization where each area represents
and controls a specific and different part
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| cate finger movements. Many of these
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limitations are more obvious in the in-
itial stages of learning and become less
prominent with practice and long-term
training."* When a fine motor sequence
of hand movements is performed for the
first time, the premotor and presupple-
mentary motor areas of the brain are
maximally activated to extensively plan
attempted movements that are perceived
as a foreign experience.’>” Activity in the
primary motor cortex is maximal in only
the first 7-14 minutes, then decreases.**
It has been hypothesized that this in-
itial increased activity reflects the concen-

Figure 1: Location of the areas of the brain involved in fine motor movements.
Right hand movements are controlled by the left side of the brain, and vice
versa. The corpus callosum facilitates coordination and communication between
the 2 sides of the brain. Note that the basal ganglia are not illustrated in this
diagram as they form an internal structure within the brain. (Image reproduced

with permission of Blackwell Publishing Ldt.4)

tration and planning needed to activate
and coordinate various muscles specific
to the task. Furthermore, many studies
have observed, using fMRI, that activity
in the basal ganglia can only be detected
at the early stages of acquisition.*¢

In contrast to the increase in activity

of the body. It is involved in force generation, task-
specific muscle movements and automaticity of
learned movements.

e The premotor cortex is vital in movement planning,
execution and recognition of limb movements at the
initial stages of learning psychomotor skills.

e The basal ganglia are active during voluntary move-
ments that are not automated, and the presupple-
mentary motor area is active when new sequences are
being learned.

e The supplementary motor area allows self-initiation
of movements, sequencing of previously memorized
movements, 2-handed coordination and planning of
complex movements.

e Visual feedback of limb movements is directed from
the posterior parietal cortex (and the premotor cortex)
to the primary motor cortex.

e The cerebellum controls the coordination, timing and
accuracy of movements.

All these areas of the brain have individual roles but
work together to fine-tune motor movements. They are
activated to varying degrees depending on which stage—
learning, training or expertise retention—a person is
experiencing.

Acquisition of Fine Psychomotor Skills
Acquisition in the Nonexpert

The establishment of sensorimotor handedness de-
pends largely on the limitations in controlling intri-
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in these areas, there is considerably less
activity in the supplementary motor
cortex and very diffuse activity in the
cerebellum during acquisition.>*¢ In summary, planning
of novel movements requires much activity and stimu-
lation of the central nervous system to complete a task
successfully.

Acquisition in the Expert

Everyone knows the cliché “practice makes perfect,”
but how? It appears that plasticity (the ability of the
brain to adapt in response to a stimulus) plays a signifi-
cant role in turning an amateur into an expert.® In well-
practised and trained professionals, movement sequences,
even complex ones, have become automated; the expert
employs previously established neuronal connections in-
stead of creating new connections with each motor se-
quence performed (as would the nonexpert).>*” Hence,
the intensity and amount of activity stimulated in the
brain of an expert are less, more highly focused and much
more rapid than in a nonexpert.

The centre of activity is highly concentrated in the
primary motor cortex, and this high level of activity does
not diminish over time during execution of movement
sequences; in the nonexpert, activity diminishes after
7-14 minutes.*>” For a movement that has become auto-
mated due to practice in the expert, the constant high ac-
tivity level in the primary motor cortex is mainly due to
the automaticity of the movements.*® Automaticity reflects
imprinting of information within the brain’s circuitry.>*”
As an indication of imprinting, Karni and colleagues®
found that there was already an observable increase in
finger representation within the primary motor cortex on
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amateur

professional

Figure 2: Functional magnetic resonance imaging of cortical activity in the brain of amateur and professional violinists during acquisi-
tion of fine motor movements. Cortical activity in the amateur is more diffuse, whereas activity in the professional is more focused and
centred in the primary cortex and supplementary cortex. (SMA = supplementary motor area; PMA = premotor area). (Image reproduced

with permission of Blackwell Publishing Ldt.4)

fMRI after only 30 minutes of practice; however, this ac-
tivity diminishes within 1 week in the absence of regular
training.® Therefore, regular practice is needed to main-
tain the neuronal activities and connections involved in a
specific activity until the information can be transferred
from the premotor cortex and be imprinted in the pri-
mary motor cortex to develop automaticity.>*® In fact,
Ericsson and colleagues® and Ericsson and Lehmann'
show that approximately 10 years of practice is required
for the transition from a nonexpert to an expert.

However, no significant studies have been carried
out to determine the duration and frequency of practice
needed within these 10 years to ensure the transition.
For example, would it be more effective if practice was
scheduled for frequent short periods (e.g., 1 hour 4 times
a week) or longer, less frequent periods (e.g., 3-4 hours
once a week)? Such information would be beneficial
for dental schools to consider when scheduling clinical
simulation labs.

Also observed in professionals is an absence of ac-
tivity in the basal ganglia, little activity in the premotor
and presupplementary cortices and greater activity in
the supplementary cortex.*® The activity in the supple-
mentary motor area is associated with execution of
sequences already memorized. Activity in the cerebellum
is more localized and concentrated in the professional
than in the amateur (Fig. 2).*¢

In addition to the gross anatomic changes mentioned
above, many microstructural changes are also significant.”
The brain’s adaptation in establishing new neuronal con-
nections involves increased myelination around axons
of existing and newly forming neurons, which results
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in increased conduction velocity, an increased number
of axonal collaterals and branches, a greater number of
more stabilized synapses, increased neurotransmitters
released within the same synapse resulting in increased
precision and accuracy and greater recruitment of cor-
tical matter.>” This ability of the brain to change and
adapt in response to a stimulus, such as continuous prac-
tising, results in imprinting of neuronal connections,
which allows these connections to be retained in the
brain and, thereby, allows automation of the movements
that result from these connections.

Retention of Fine Motor Skills in Professionals
Previous School of Thought: Slowing Models

With age, many people slowly lose memory, but are
the fine motor movements that a dentist has mastered
over a lifetime also lost? The older literature on mainten-
ance of fine psychomotor skills is saturated with many
“slowing models,” which suggest that both fine and gross
motor skills deteriorate over time as part of the natural
progression of aging; this concept is called the negative-
age effect.®®'>2 One model states that, with age, there
is an inevitable loss of neurons and neurotransmitters
and, hence, an inevitable loss of neurologic function.®'"!2
Another hypothesis is that with increasing age, there
is a decrease in the signal-to-noise ratio due to a larger
amount of “noise” within the brain that has the potential
to interfere with normal neuronal connectivity.®'*'? A
third model attributes age-related deterioration to de-
creases in protective antioxidant products that would
normally help relieve oxidative stresses imposed on the
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brain by free radicals. These theories assume a general-
ized age-related decrement across all cortical processes."?

Many studies have hypothesized that this negative-
age effect is applicable to all cognitive functions; however,
these studies do not test age-related effects on the various
parameters of cognition individually.®!"* More recent
studies have attempted to disaggregate the components
of fine psychomotor skills. Consequently, the slowing
models have been challenged on the basis of being too
vague and nonspecific. It may be possible that negative-
age-related deterioration cannot be applied to all of the
numerous cortical processes that are activated during any
one task.®''?

Neurologic Concept of Savings

The concept of savings—postulated to be regu-
lated by the cerebellum—dismisses and refutes the idea
that deterioration of excitatory neuronal processes de-
veloped and reinforced throughout a lifetime of practice
can simply disappear.>'* According to this theory, for
functional deterioration to occur, the brain must produce
inhibitory pathways to oppose the excitatory pathways
that have become embedded in the brain.** The more
practice an expert has had over longer periods of time,
the more excitatory pathways have accrued in the brain,
and the more inhibitory pathways are needed to cause
“deterioration” in these pathways and subsequent
“unlearning.”

Savings explains a familiar property of most learning
systems: when things have been learned previously but
not practised for some time, they are much quicker to
relearn at a subsequent time, and, when things have
been learned incorrectly, they are more difficult to
“unlearn.”®" Intuitively, this is an important concept
to emphasize to dental students as they begin to learn
psychomotor skills. By extension, although learning new
fine motor movements may be slow in the beginning, it
is imperative that these skills be learned properly and
under professional supervision to ensure that “good
habits” are formed.

Current School of Thought

More recent literature has suggested that decreases
in functioning capabilities with age may be applied to
some parameters involved in the execution of fine motor
skills, but not to all parameters. These studies separate
fine psychomotor skills into 7 parameters: timing,®"
sequencing,®'"'? speed and precision of hand-eye co-
ordination,'" visuospatial coordination,'"* perception,'
memory*'®*® and mechanical ability.!*** Visuospatial co-
ordination, perception and memory are considered more
complex and higher executive processes within the brain.
Some of these domains were evaluated separately from
each other in relation to the effects of age.
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Timing

It has been proposed that the cerebellum possesses
a central timer or internal clock that relays informa-
tion about the time between initiation of a movement
within the cortical brain and the actual implementation
of the task by the peripheral motor system.®" Therefore,
continuous feedback to the cerebellum about any delay
is necessary to allow the cerebellum to time movements
correctly. Timing of movements, tested by executing a
simple pattern of repetitive tapping, has been found com-
parable between healthy young adults and healthy older
adults up to 80 years of age.®'" This shows that lower-
level timing processes are stable with increasing age,
which suggests that simple tasks that depend primarily
on such processes and less on higher executive processing
are also preserved with age in both the expert and the
nonexpert.®!

Sequencing and Higher Executive Processes

In the nonexpert who is performing complex move-
ment sequences, the intact lower-level timing processes of
the cerebellum must interact with higher cortical struc-
tures and processes (visuospatial abilities, perception and
memory), which are affected by age.®*''? As a result,
the ability to sequence novel complex movements de-
creases with age in the nonexpert, resulting in delay of
sequential movements as well as errors in the sequence
itself.»!"!> Because aging adults cannot rely on higher
cortical processes, they increasingly rely on their intact
lower-level timing centre for unfamiliar complex tasks,
causing a simplification of these complex rhythmic se-
quences to prevent higher cortical processing from being
overworked."

With experts, it appears that familiar complex se-
quences do not decline with age.!? The expert has ac-
cumulated experience with specific complex sequences,
which are now perceived in the brain as “simple” se-
quences that need less interaction with and depend less
on higher cortical structures. These sequences are more
automated and need only rely on lower-level timing pro-
cesses, which, as mentioned above, remain intact with
aging.®'1? Essentially, sequences that are complex are
perceived as simple within the neurologic circuitry of an
expert.

Speed and Precision

In experts, the speed and precision with which they
perform skill-related tasks are maintained into later
adulthood, with a slight decline in the seventh decade
of life.!""* However, both experts and nonexperts show
reduced speed and accuracy in unfamiliar complex tasks
unrelated to their expertise.'""* This is partly explained
by a neuropsychologic concept called “advance prepara-
tion” where cognitive processes have adapted to optimize
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task-related performance to a common peripheral en-
vironment.'"""® For example, a typist has optimized per-
formance to the layout of the keyboard so that typing has
become automated and sequences of letters are pressed
almost simultaneously. Similarly, the pianist is optimized
to the 88 keys of the piano. A dentist is optimized to his
or her individual ergonomic hand positioning in relation
to the anatomic and morphologic position, depth and
strength of a tooth and the learned way to hold instru-
ments. Speed and precision are very much related to the
commonality of everything involved in a task-related
process. Things that change commonality decrease speed
and precision.'""

Mechanical Ability

The effects of aging on mechanical ability relate to
effects of aging on muscles, bones and the neuronal pro-
cesses that innervate and regulate these structures. As
this parameter requires more extensive research into
both the neurologic and musculoskeletal systems, and as
this paper deals only with the overall neurologic effects
of aging on psychomotor skills, it is suggested that subse-
quent research can be done in this area.

Conclusion

Acquisition of fine motor skills involves many cortical
structures in the brain, consisting of a multitude of neur-
onal processes and interactions. In an amateur, most of
these structures are highly activated, but as the amateur
becomes an expert, the sensorimotor skills and acquired
dexterity become automatic and the brain requires less
activity to carry out the same processes. The necessary
neuronal connections have been imprinted in the brain
and the tasks are, hence, perceived in the brain as simple.
The aging expert experiences the same deterioration as
an aging nonexpert in tasks that are unrelated to his or
her expertise. But skill in the tasks that the expert has
selectively maintained through accumulation of decades
of practice is retained through aging.

The first implication of this is the importance of rep-
etition and practice to facilitate imprinting of lifelong
neuronal connections. However, not only practice, but
also practising correctly is important, as “unlearning”
bad habits is difficult. The second implication is that
although skills are neurologically maintained through
the aging process, expert dentists may still experience
slowing in their performance due to deterioration of other
factors, such as hearing, vision, etc. Therefore, it is just as
imperative for dentists to maintain their hearing, vision
and other functions to keep their skills up to speed as it is
for them to practise. As mentioned above, the neurologic
aspect of retaining expertise-related psychomotor skills
with increasing age is only one component. The next step
is to research the effects of aging on the musculoskeletal
system and their implications for the aging dentist. #
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