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Abstract
Healthy aging is accompanied by limitations in performance of activities of daily living and
personal independence. Recent reports demonstrated improvements in motor function induced by
non-invasive anodal direct current stimulation (tDCS) of the primary motor cortex (M1) in young
healthy adults. Here we tested the hypothesis that a single session of anodal tDCS over left M1
could facilitate performance of right upper extremity tasks required for activities of daily living
(Jebsen-Taylor Hand function Test, JTT) in older subjects relative to sham in a double-blind
crossover study design. We found (a) significant improvement in JTT function with tDCS relative
to sham that outlasted the stimulation period by at least 30 minutes, (b) that the older the subjects
the more prominent this improvement appeared and (c) that consistent with previous results in
younger subjects, these effects were not accompanied by any overt undesired side effect. We
conclude that anodal tDCS applied over M1 can facilitate performance of skilled hand functions
required for activities of daily living in older subjects.

Introduction
Functional independence in performance of activities of daily life requires skilled hand
motor control. Healthy aging is associated with slowing of movements (Bennett and
Castiello, 1994), increased variability in grip and lift force production (Cole and Rotella,
2001; Cole et al., 1999), diminished accuracy of force release (Erim et al., 1999; Voelcker-
Rehage and Alberts, 2005), and dexterity (Cole and Katifi, 1991), and reduced coordination
in reach to grasp movements (Brown et al., 1996; Pratt et al., 1994; Sarlegna, 2006). Some
of these deficits are evident for example during performance of choice-reaction times or in
dualtask conditions (Ketcham et al., 2002). Ageing also leads to reorganization of neural
networks engaged in performance of various sensorimotor tasks (Heuninckx et al., 2008;

* Corresponding authors: FC Hummel: Department of Neurology, University Medical Center Hamburg-Eppendorf, Martinistr. 52,
D-20246 Hamburg, Germany, Tel.: 49 - 40 - 42803 - 3772, Fax.: 49 - 40 - 42803 - 3452, f.hummel@uke.uni-hamburg.de; LG Cohen:
Human Cortical Physiology Section, National Institute of Neurological Disorders and Stroke, National Institutes of Health, Bethesda,
MD 20817, USA, Tel.:+1-301-496-9782; Fax:+1-301-480-2286, cohenl@ninds.nih.gov.
Interest Declaration: The authors have no competing financial interests.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Neurobiol Aging. Author manuscript; available in PMC 2011 December 1.

Published in final edited form as:
Neurobiol Aging. 2010 December ; 31(12): 2160–2168. doi:10.1016/j.neurobiolaging.2008.12.008.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Talelli, Ewas et al., 2008) and to some extent to a decrease of neuronal activity in circuits
involved in performance of cognitive tasks (for review Burke and Barnes, 2006; Chapman,
2005; Disterhoft and Oh, 2007; Ward et al., 2008). In the motor system, ageing is associated
with changes in the excitability of the primary motor cortex (M1) (Oliviero et al., 2006;
Yordanova et al., 2004), with reduced ability to encode an elementary motor memory within
M1 with motor training (Sawaki et al., 2003), and possibly with reduced efficiency of
training-based exercise programs relative to younger individuals. The significance of these
deficits in relation to performance of activities of daily living has been explored only
partially. What is known is that deficits in the motor domain appear to have more significant
consequences on independent living than declines in visual or auditory functions (Anstey et
al., 2005; Teasdale et al., 1991).

It has been reported that noninvasive transcranial stimulation of M1 results in improvements
in motor performance (Carey et al., 2006; Fecteau et al., 2006; Kobayashi et al., 2004; Vines
et al., 2006; Voss et al., 2007) and facilitates the response to motor training protocols
(Butefisch et al., 2004) as well as motor learning (Nitsche, Schauenburg et al., 2003; Reis et
al., 2008) in healthy younger adults. There is however a gap in knowledge on the ability of
noninvasive stimulation of M1 to facilitate motor function in older subjects, in an age group
characterized by declining motor function and higher susceptibility to brain lesions with
subsequent invalidating motor impairment. Here, we tested the hypothesis that application of
anodal tDCS over M1 would facilitate performance of a set of skilled hand motor functions
required for activities of daily life (measured in the setting of the Jebsen-Taylor Hand
function Test [JTT](Jebsen et al., 1969)) relative to sham stimulation in a double blind,
sham-controlled cross-over experimental design.

Methods
Subjects

Ten healthy subjects (age range 56-87 years, mean 69±9.24 SD; five women) participated in
the study. All of them were right-handed as assessed by the Edinburgh Handedness
Inventory (Oldfield, 1971) with a score of 97.0±3.4. None reported a history of neurological
disease or musculoskeletal dysfunction. In all subjects, the Mini Mental Status was within
normal limits (> 29/30) (Folstein et al., 1975). Subjects were informed about the
experimental procedures and gave their written informed consent according to the
declaration of Helsinki. The study protocol was approved by the NINDS Institutional
Review Board.

Experimental procedures
Subjects participated in three experimental sessions. In the first session, they familiarized
with the Jebsen Taylor Task (JTT) task (Jebsen et al., 1969), the experimental environment
and with tDCS (Fregni et al., 2005; Hummel, Celnik, Giraux et al., 2005). In this first
session, they also practiced the JTT task until a plateau was reached and they could not
improve further. The primary endpoint measure of the study was the time required to
complete the JTT, a widely used well validated test for functional motor assessment that
reflects activities of daily living (Jebsen et al., 1969), that has good validity and reliability,
and for which normative data are available for different ages and genders (Hackel et al.,
1992; Jebsen et al., 1969). Anodal tDCS or Sham were applied in a pseudo-randomized,
counterbalanced order in separate sessions (2 and 3) separated by 5 days to the left
(dominant) M1 of each subject in a double-blind, crossover order. The site for positioning
the electrode for application of anodal tDCS over M1 (hand knob (Yousry et al., 1997)) was
determined separately in each subject using a frameless stereotactic device (Brainsight®). In
each of these two sessions, the JTT (primary outcome measure) was evaluated preceding
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(Baseline: JTT1-3) and following (Testing: JTT4-6) each intervention (tDCS or Sham). Four
times in each session, subjects were asked to report their level of attention towards the task
and perception of fatigue (before and after Baseline determination of the JTT and before and
after each intervention, Fig. 1). The degree of discomfort with tDCS and Sham was
evaluated one time at the end of the session using a separate visual-analogue scale (Fig. 1).
Participating subjects and investigator performing motor testing and data analysis were
blinded towards the type of intervention (tDCS or Sham).

Transcranial DC stimulation
Anodal tDCS (Floel and Cohen, 2007; Hummel and Cohen, 2005; Nitsche et al., 2005) was
delivered for 20 minutes in the tDCS session using a Phoresor® II Auto (Model No. PM850,
IOMED®, Salt Lake City, Utah 84120 USA) through two saline-soaked gel-sponge
electrodes (TransQE, IOMED®, 25cm2 surface area). The anode was positioned over the
hand knob area of the left M1 as determined using a frameless stereotactic device. The
cathode was placed on the skin overlying the contralateral supraorbital region (Nitsche and
Paulus, 2000). Anodal tDCS applied in this way results in an increase in excitability of the
underlying M1 that outlasts the period of stimulation (Jeffery et al., 2007; Kwon et al., 2008;
Lang et al., 2004; Lang et al., 2005; Power et al., 2006). Sham was administered according
to a welldescribed protocol (Fregni et al., 2006; Gandiga et al., 2006; Hummel, Celnik, Floel
et al., 2005; Hummel et al., 2006; Nitsche, Schauenburg et al., 2003). At the onset of both
interventions (tDCS and sham), current (1mA) was increased in a ramp-like fashion eliciting
a transient tingling sensation on the scalp that faded over seconds and that elicited
comparable perceptions (Gandiga et al., 2006; Nitsche et al., in press; Nitsche, Liebetanz et
al., 2003). Current remained at the 1mA level for 20 minutes in the tDCS session and for up
to 30 seconds in the Sham session. In both sessions, currents were turned off slowly over a
few seconds, a procedure that does not elicit perceptions and that was implemented out of
the field of view of the subjects (Gandiga et al., 2006; Nitsche et al., in press; Nitsche,
Liebetanz et al., 2003).

Testing of motor performance
Jebsen Taylor Hand function Test—The JTT is a measurement commonly used in
neurorehabilitative settings that mimics activities of daily living (Jebsen et al., 1969). It has
been well validated and is reliable in populations of different ages (Hackel et al., 1992). The
6 subtests evaluate turning cards, grasping small objects, lifting small objects with a spoon,
stacking checkers, lifting light and heavy cans. Subjects were instructed to perform the tasks
sequentially as quickly and accurately as possible according to standardized instructions
(Jebsen et al., 1969; Stern, 1992). Feedback on task performance was not provided. Total
JTT time and partial subtest times were recorded for analysis. The total JTT time is
calculated as the sum of the performance time of each subtest. Dropping of an object was
counted as an accuracy error and analyzed off-line.

Data analysis
Total time for JTT and time for JTT subtests were normally distributed as evaluated by
Kolmogorov-Smirnov goodness of fit test. Repeated measures ANOVARM was used to
evaluate the effects of TIME(base, post) and INTERVENTION(tDCS, Sham) on total JTT time.
JTT subtests involving skilled distal fine hand and finger function (1. turning cards, 2.
grasping small objects, 3. lifting small objects with spoon) and gross motor upper limb
function (4. checkers, 5. light and 6. heavy cans) also analyzed separately. Correlations were
calculated using the Pearson, 2-tailed test. Paired t-tests were used to evaluate reports of
discomfort/pain. Non-parametric tests were used to evaluate the effects of
INTERVENTION(tDCS, Sham) on attention fatigue, pain and discomfort, which were not
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normally distributed (for details see Table1). All calculations with ANOVA were
Greenhouse-Geisser corrected. Conditioned on significant p-values (p<0.05), post-hoc
testing was performed and corrected for multiple comparisons where necessary.

Results
Jebsen-Taylor test

During the familiarization session, JTT performance reached a stable level, consistent with
previous studies (Fregni et al., 2005; Hummel, Celnik, Giraux et al., 2005), that was
comparable to the baseline JTT in sessions 2 (T=-0.19, ns) and 3 (T=-1.50, ns). Baseline
JTT in sessions 2 and 3 did not show significant differences (T=-1.98, ns).

Total JTT time improved significantly with tDCS but not with Sham. ANOVARM revealed a
significant TIME(base, post) × INTERVENTION(tDCS, Sham) interaction on total JTT time
(F[1,1]=8.07, p<0.05, Table 1).

Post-hoc testing showed that anodal tDCS elicited a significant improvement in total JTT
time (from 29.89±4.50 sec at baseline to 28.00±4.08 sec post-stimulation, p<0.05) in the
absence of changes (except a trend to slowing) with sham (28.53±4.39 sec to 29.16±5.05
sec; ns). The net change in total JTT with tDCS relative to Sham (% JTT change with tDCS
- % JTT change with Sham + 100) was on average 7.98±8.33%. The improvement in total
JTT time with a single session of anodal tDCS over M1 remained identifiable for at least
32.6±5.2 min following the end of tDCS. Error rates were comparable in the tDCS and
Sham sessions. At baseline, the older the subject, the longer the time required to complete
the JTT (R = 0.79; p < 0.01). After tDCS, the older the subject, the more prominent was the
improvement in JTT relative to baseline (R= 0.65, p < 0.05; Fig. 1A). It is of note that the
only subject above 80yo was the one showing the most pronounced effect of tDCS.

Additionally, there was a significant effect of INTERVENTION(tDCS, Sham) (F=6.29,
p<0.05) and TASK(fine, gross) × INTERVENTION(tDCS, Sham) interaction on JTT (F=6.20,
p<0.05). Post hoc paired t-test showed a more prominent net-effect of anodal tDCS on fine
finger tasks than on gross tasks (p<0.05 level, Fig. 1B) (Hummel, Celnik, Giraux et al.,
2005).

There were no significant differences between tDCS and Sham on attention to task, fatigue,
and/or discomfort. Subjects were not able to identify the intervention administered in each
session (2 and 3).

Discussion
The main findings of the present study were that a single session of anodal tDCS over M1 of
aged healthy subjects led to significant improvement in performance of skilled motor tasks
included in the Jebsen Taylor Hand function Test (Jebsen et al., 1969) relative to Sham
stimulation. This effect outlasted the stimulation period by approximately 30 minutes,
appeared more prominent in older individuals, and more evident in tasks engaging more
dexterous and fine motor skills than in gross more proximal arm functions.

Accuracy and skill in performance of motor tasks diminish with age (Allum et al., 2002;
Enoka et al., 2003; Olafsdottir et al., 2007; Wu and Hallett, 2005) resulting in substantial
disability in otherwise healthy aged humans (Amirjani et al., 2007; Bischoff et al., 2003;
Nutt et al., 2000; Ruiz et al., 2007), impact personal care and activities of daily living,
balance and locomotion and may cause invalidating falls (Allum et al., 2002; Kannus et al.,
2005; Maki and McIlroy, 2006). While the neural substrates for these age-related declines
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remain under investigation (for Review Burke and Barnes, 2006) the diminished ability of
older subjects to respond to motor training protocols identified in clinical settings (Celnik et
al., 2006; Floel et al., 2005; Howard et al., 2004; Sawaki et al., 2003; Shea et al., 2006)
emphasize the need to develop rationale adjuvant interventional strategies to compensate
these deficits (Holtzer et al., 2007; Scuteri et al., 2005).

Here, we tested the overall hypothesis that application of anodal tDCS over left M1 would
facilitate motor function in the contralateral hand in older healthy humans. The main finding
was that anodal tDCS resulted in significant improvements in performance of the JTT task
relative to sham and that these effects outlasted the stimulation period by approximately 30
minutes in the absence of differences in scales of attention, fatigue and other psychometric
tests.

The present results are consistent with previous findings in younger individuals that
documented that this form of stimulation can facilitate motor function (Nitsche,
Schauenburg et al., 2003; Vines et al., 2006) and motor cortical excitability of the
stimulated M1 (Nitsche et al., 2005). The magnitude of the behavioural improvements
reported here in older subjects (in the range of 10%) are quantitatively comparable to the
improvements elicited by anodal tDCS in healthy young subjects (Nitsche, Schauenburg et
al., 2003; Vines et al., 2006) and in chronic stroke patients (Fregni et al., 2005; Hummel,
Celnik, Giraux et al., 2005; Hummel et al., 2006), indicating that older subjects have room
for improvement in performance of these motor tasks and that we are not facing a ceiling
effect. While the quantitative improvement of approximately 10 % might seem
unimpressive, it should be kept in mind that subjects received only one session of tDCS and
that it was not applied in direct association with a motor training protocol. Data from
younger individuals point to the existence of additive effects when tDCS is applied multiple
times and in synchrony with motor training or motor learning protocols, an issue we are
presently investigating (Reis et al., 2008). One possible mechanism underlying the
beneficial effects of anodal tDCS in this study could be restoration of the ability of older
subjects to modulate activity in the primary motor cortex (Talelli, Ewas et al., 2008; Talelli,
Waddingham et al., 2008; Ward et al., 2008), a hypothesis for future investigation.

The finding that tDCS-induced improvements were more prominent for distal skilled hand
tasks than for proximal synergies could point to some degree of task specificity in the effects
of tDCS in older subjects. Performance of these tasks require accurate visuomotor
integration that relies on activity in primary motor and premotor cortical areas (Chouinard et
al., 2006). Given the spatial resolution of tDCS (Nitsche et al., 2007; Wagner et al., 2007)
and relatively large effect size reported in a previous study (Lang et al., 2005), we can not
rule out the possibility that stimulation applied over M1 could have spread to nearby
premotor areas.

Conclusion
Ageing is associated with a general decline in motor function that critically interferes with
activities of daily living (Francis and Spirduso, 2000; Giampaoli et al., 1999; Kannus et al.,
2005). The present results suggest that noninvasive cortical stimulation applied over the
primary motor cortex might facilitate motor function of older subjects, an effect that was
more pronounced the older the individuals were. Since these results were achieved in a small
sample of individuals and involved short lasting effects, additional testing of the effects of
multiple tDCS sessions applied in synchrony with specific motor training protocols is
warranted to evaluate facilitatory effects over longer time scales.
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Figure 1. Experimental design
Patients participated in three sessions. In the first session, they familiarized themselves with
the JTT and reached a stable level of performance. The second and third sessions started
with questionnaires followed by baseline determinations of JTT (JTT1–3), cortical
stimulation (tDCS) or Sham in a counterbalanced double-blind design and later by post-
intervention JTT (JTT4-6), with JTT4 determined during stimulation and JTT5-6 after
stimulation. Questionnaires (VAS) in which subjects characterized level of attention and
fatigue during the experiment were given at four different times in each session.
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Figure 2. Effect of anodal tDCS administered to the primary motor cortex on Jebsen Taylor
Handfunction Test performance
(A) JTT total time at baseline (corresponding to the average of JTT1–3), during and
following (corresponding to the average of JTT4–6) tDCS (upper row) or Sham (lower
row). Please note that tDCS (upper row, asterisk) but not Sham (lower row) resulted in
shorter total times. Performance improvements that appeared during tDCS, persisted beyond
the stimulation period for at least 30 min (upper row, inset). (B) Correlation analysis
between age (x-axis) and tDCS-induced behavioural improvement in JTT performance (y-
axis). Note the significant correlation with the more tDCS-induced improvement the older
the subjects. (C) Effect of tDCS on fine motor versus gross motor tasks. Y-axis displays the
averaged improvements for JTT subtests 1-3 and 4-6 (in % of improvement). Note the
significantly larger effect of tDCS on tasks requiring more dexterous, fine motor function. *
indicates p<0.05.
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