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Abstract

Using an automated test panel, age-associated declines in learning, remembering and performing a novel visuomotor task were assesse!
in 497 normal adults ranging from 18 to 95 years old. As predicted, task performance times slowed with increasing age in the cross-sectional
portion of the study. However in the subsequent longitudinal study, while motor learning was significantly slower in adults over 62 years
old, motor memory was pristinely preserved in normal adults from 18 to 95 years old. When tested 2 years after the first training session
and without intervening rehearsal, mean performance times were retained and continued to improve by 10% in young adults and 13% in
aged adults, reflecting long lasting preservation of motor memories. While the maximum lifetime of an unpracticed, novel motor memory in
humans is not known, the present study suggests that new motor memories can be retained for at least 2 years without rehearsal in normal
aged adults. This age-resistant component of motor memory stands in contrast to the well-known decrements in other motor and cognitive
processes with human aging.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction lie in motor memory functions. Motor memory falls into the
domain of procedural memory, which includes all skills and
Brain aging and functional declines are often consid- habits that are unconsciously retrieved in performing specific
ered synonymous. For brain motor circuitry and functions, tasks[26,36] Some studies have suggested that procedural
most research to date supports this view. It has been repeatmemory functions are well preserved in normal aging, and
edly demonstrated that reaction time and motor speed slowinvolve the same frontal, parietal, cerebellar, and basal gan-
progressively with advancing adé,8,14,23,29,31]Motor glia networks as in younger persdbsl5,19] In the present
learning also slows with advancing d@@,37], with a recent study employing a computerized human movement analy-
study suggesting a decline in motor cortical plasticity with sis pane[9,29] and a novel visuomotor task, age-associated
age as a functional correld@b]. A possible exceptiontothe  changes in motor speed, learning and memory were assessed
general rule of functional brain deterioration with aging may in normal adults from 18 to 95 years old. Age-associated
changes in learning and performing the task were measured
_— ) ) inalarge cross-sectional analysis of 497 individuals. Longitu-
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Inretrospect, the present study was inadvertently designed[27]. Subjects who initially had, or who developed, any such
to test the limits of ultra-long term motor memory on mo- changes were excluded from the study (21 subjects). Younger
tor performance. The initial purpose of the experiment was subjects (<58 years) were recruited locally and consisted
to longitudinally follow declines in motor performance in  mostly of University personnel and students responding to
normal aging. By waiting 2 years between testing subjects posters or word-of-mouth. All 503 subjects underwent test-
and not providing intervening practice opportunities, it was ing on the human movement analysis panel (hMAP) at least
assumed that motor memory of the previous testing period once. Six of the older subjects were later removed as outliers
would have little effect on performance time. The importance (see Sectio.3), leaving a population of 497 subjects.
of practice on motor performance in aging has been demon- A longitudinal subgroupr(=151) underwent testing on
strated in several seminal studies. Salthd@gé found that the hMAP twice, once at baseline and once at a repeat in-
skilled typists were able to maintain their speed of typing terval of at least 12 months. In this subgroup there were 30
up to 72 years of age, with continuous practice assumed toyounger subjects, 18 males and 12 females aged 24-45 years;
be an important factor. Similarly, Krampe and Erics§bB] mean interval for repeat studies was 2.3 years (range 1-4.8
reported that continuous practice was important for profes- years). There were 121 older participants evaluated: 38 males
sional pianists to maintain their performance skills, includ- (average age atbaseline 77.5yefa&9 S.D.) and 83 females
ing motor speed, into advanced age. In addition to practice, (average age at baseline 75.0 yea1 S.D.). The mean in-
timing between training and testing is an important factor terval for the repeat studies for older subjects was 2.0 years
in motor learning and memory studies. Learning of a motor (range 1-3.5 years).
skill is stable for several hours after the training session ends,
provided there is no interference from immediate subsequent2.2. Behavioral testing
training on another similar motor tafk 34]. A night of sleep
results in a further increase in speed above the initial learning  An automated hMAP was used to measure hand fine mo-
performance, without a loss of accuracy (memory consolida- tor performance times on a series of four object retrieval tasks
tion) [16,35] While consolidated motor memory traces are of increasing difficultly[9,26]. Testing was performed in a
retained for at least 5 months in adults less than 40 years ofquiet, well-lit room free of noise and other distractions. A
age[28], the effects of aging on memory consolidation and short (5 min) demographic questionnaire was administered at
retention are unknown. the beginning of each session. To avoid fatigue and interfer-

Thus, the present study was designed to test three assumpence effects, no other testing was performed either before or
tions: (1) that task performance times slowed significantly after any session. The hMAP tests administered were iden-
with increasing age; (2) that motor learning of the task slowed tical between sessions. There was no difference in reward
with age; and (3) that memory of the task, without interven- or expectation in the second session (both first and second
ing practice, would fade and have little significant effect on sessions were volunteer without payment). The testing was
performance times 2 years later. The results confirm the firstrepeated five times for both the left and the right hand on each
two assumptions and are consistent with the literature. How- level of difficulty. The fourth and last task required a unique
ever, longitudinal testing revealed that motor memories can sequence of wristand finger movements to maneuver a hexag-
be preserved in aging without intervening practice. The per- onal metal nut over a double-S curved rod before removing it
formance times of both young and aged subjects on the firstfrom a small plexiglass receptackgg. 1). Double-S fine mo-
trial in the second testing session were as fast as the final trialtor performance was selected for detailed analysis for motor
in the original testing session conducted 2 years earlier. learning and memory performance in the longitudinal study,

because it was the last motor skill learned and therefore not
subjected to interference from immediate subsequent train-
2. Methods ing on similar tasks. The test battery of four motor tasks was
completed in less than 30 min for each subject.
2.1. Subjects
2.3. Statistics

All data was collected under institutionally approved pro-

tocols with informed consent obtained from all individuals. Data for the group analysis consisted of the fine motor per-
The research subjects consisted of 315 females and 188 maleformance trial times for the dominant and the non-dominant
ranging in age from 18 to 94 years. All older subjects (>58 upper extremities (five trials for each hand per subject). Hand
years) were recruited as part of a longitudinal study of cog- dominance for the purposes of this study was defined as writ-
nitively and neurologically normal healthy aging individuals ing use together with customary use in fine motor manipula-
tested yearly at the University of Kentucky's Alzheimer’s tion in at least two other non-writing tasks.
Disease Research Center. This longitudinal cohort serves as Effect of hand dominance and sex was assessed by a re-
a control group for the study of patients with Alzheimer's peated measures analysis of variance (ANOVA) procedure
disease, and participants are tested extensively on an annuadn the averaged five-trial performance times for each hand,
basis to detect subtle memory and other cognitive changeswith sex as the between-factor. For comparison of within-
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