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ABSTRACT:
Study Design: This was a pre post test design.
Introduction: Retraining the brain is one approach to remediate

movement dysfunction resulting from task specific focal hand dys-
tonia (FHDTSP).

Purpose: Document change in task specific performance (TSP)
for patients with FHDTSP after 8 weeks of comprehensive home
training (fitness activities, task practice, learning based memory
and sensorimotor training).

Methods: Thirteen subjects were admitted and evaluated at
baseline, immediately and 6 months post treatment for task spe-
cific performance, functional independence, sensory discrimina-
tion, fine motor speed and strength. In Phase I, 10 subjects were
randomly assigned to home training alone or supervised practice
prior to initiating the home training. In phase II, 2 subjects crossed
over and 3 new subjects were added (18 hands). The intent to treat
model was followed. Outcomes were summarized by median,
effect size, and proportion improving with nonparametric analysis
for significance.

Results: Immediately post-intervention, TSP, sensory discrimi-
nation, and fine motor speed improved 60-80% (p,0.00l respec-
tively). Functional independence and strength improved by 50%.
Eleven subjects (16 hands) were re-evaluated at 6 months; all but
one subject reported a return to work. Task-specific performance
was scored 84-90% . Supervised practice was associated with
greater compliance and greater gains in performance.

Conclusions: Progressive task practice plus learning based
memory and sensorimotor training can improve TSP in patients
with FHDTSP. Compliance with home training is enhanced when
initiated with supervised practice.

Level of Evidence: 4

J HAND THER. 2009;jj:jej.
Task-specific focal hand dystonia (FHdTSP) is a
type of occupational limb dystonia (e.g., writer’s
cramp, musician’s cramp, golfer’s yip, or key-
boarder’s cramp) characterized by involuntary, end
range twisting-type movements that interfere with
the performance of a target task.1e10 Although
FHdTSP is still classified as idiopathic, there is increas-
ing evidence that the etiology is multifactorial (e.g.,
an interaction of genetic, neurophysiological,
neuromuscular, auditory, neural adaptive, anatomic,
personality, repetitive, psychological, stressful, and/
or traumatic risk factors).3,6,9,11e14 Neurophysiologi-
cally, degraded cortical representations, poor spatial
and sensory discrimination (SEN), excessive plasti-
city (sensory and motor), increased neuronal excita-
bility, and inadequate inhibition are reported in
subjects with FHdTSP.

15e51

Although some individuals report full recovery
postdiagnosis of FHd, Health care professionals
usually consider FHdTSP a chronic problem requiring
ongoing management.52 Local injections of botuli-
num toxin53e59 or systemic drugs (e.g., Baclophen
and Sinemet) are most commonly prescribed.52

Surgery may be recommended to relieve local nerve
entrapment or tightness of fascia in the hand.60,61

Psychological counseling,62 relaxation exercises, and
biomechanical education regarding performance
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techniques (with or without biofeedback or instruc-
tional lessons) are commonly recommended to com-
plement pharmaceutical intervention strategies.63e68

Research evidence strongly supports the benefits of
regular exercise for brain and physical health.69e73

Research also specifically highlights the benefits of
learning-based, memory training to slow down the
process of aging and maintain high-level cognitive
skills and attention.65e67,70e72,74e89 Specific to FHdTSP,
learning-based sensorimotor training (LBSMT) based
on the principles of neural plasticity has been
positively associated with gains in task-specific per-
formance.65,66,75,78,80e82,90 Unfortunately, single-
focused intervention strategies are rarely associated
with 100% recovery of task-specific performance
for patients with focal hand dystonia.66,80e82

The question is, would combining physical fitness,
learning-based memory with sensorimotor training
and task practice lead to greater recovery of task-
specific motor control in patients with FHdTSP? The
purpose of this preliminary study was to engage a
small number of patients in a comprehensive, multifac-
eted program including general fitness, specific mem-
ory training and LBSMT, and progressive task practice
to determine the effect on recovery of task-specific mo-
tor performance. This intervention was designed as a
home program. To address challenges of compliance
with home training, some participants had the oppor-
tunity to initiate the program with supervised physical
therapy training to clarify the desired performance
strategies and to receive corrective feedback to rein-
force learning. To confirm the maintenance of neural
learning, task-specific performance was measured
both immediately postexercise and six months later.
NULL HYPOTHESES

After eight weeks of home training with a self-
paced general fitness program, a standard, progress-
ive memory-training program (BrainFit), a LBSMT
program and progressive target practice, it was hy-
pothesized that patients with target-specific FHd
would not:

1. improve their ability to perform the target task
2. be more compliant with the home program when

it was initiated with supervised practice
3. make greater gains in task-specific performance if

they demonstrated high versus low compliance
4. maintain the gains in motor performance six

months post home program
EXPECTED FINDINGS

Given the multifactorial etiology of FHd with evi-
dence of excessive plasticity, inadequate inhibition,
excessive excitation, degradation in cortical hand
2 JOURNAL OF HAND THERAPY
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representation, and the known physical and mental
benefits of general exercise, cognitive training,
LBSMT activities, and target practice, significant im-
provement in task-specific performance was expected
to follow an eight-week, comprehensive, multifacto-
rial home-training program. The gains were expected
to be greater in subjects participating in a short period
of supervised practice and those who were most
compliant. Assuming that the gains were a reflection
of brain reorganization and learning, performance
skills were expected to be maintained for at least six
months post home training. Hundred percent recov-
ery of task-specific performance was not expected.
METHODS

Subjects

Males or females between the ages of 18 and 65
years, diagnosed by a neurologist or a hand sur-
geon with occupationally-related FHd and referred
to the Physical Therapy Faculty Practice at the
University of California, San Francisco (UCSF) or
Chapman University were eligible to participate in
the study. The dystonic movements needed to be
clearly associated with the performance of a pri-
mary target task (e.g., writing, keyboarding, and
musical performance). Similar tasks could be af-
fected (e.g., shaving, brushing the teeth, combing
the hair, and using utensils). A subject was ex-
cluded if he or she had a history of uncontrolled
systemic disease, traumatic brain injury, brain tu-
mor, neurodegenerative disease, cognitive impair-
ments, or psychosis. The subjects also had to be
able to speak English (or bring an interpreter),
come to UCSF for initial and follow-up (F/U)
evaluations (2 and 6 mo), have access to a portable
PC computer to carry out the brain fitness program,
and attend supervised practice sessions if they
were randomly assigned to the HomeþGroup.

Subjects were admitted at two different times. In
Phase I, ten subjects receiving physical therapy in the
UCSF Faculty Practice consented to participate in the
study. Prospectively this convenience sample was
randomly assigned to the Home Group (n¼ 4; home
program alone) or the Home Groupþ (Phase I, n¼ 6;
home program initiated with supervised practice
[30 hours]). Approximately 12 weeks after Phase I
was started, Phase II admissions were initiated.
Three new subjects with FHdTSP receiving physical
therapy in the Faculty Practice at UCSF or
Chapman University consented to participate and
were admitted to the HomeþGroup in Phase II. In ad-
dition, two subjects from Phase I elected to cross over
to continue in Phase II as part of the HomeþGroup
(Phase II, n¼ 5; home program initiated with super-
vised practice [25 hours]) (see Figure 1).
of � 10 March 2009 � 2:52 pm
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PROCEDURES

Instructions for the Home Program

Each subject was contacted by phone to review the
inclusion criteria. If eligible, the subject was sched-
uled to come to the UCSF Faculty Practice for consent
and evaluation. A research assistant performed the
baseline evaluation and the F/U evaluations. A
research staff member from Positscience or the
Department of Physical Therapy and Rehabilitation
Science installed BrainFit on the home computer for
each subject. All subjects also had an appointment
with the physical therapist who outlined the compo-
nents of the program, explained the principles of
experience-dependent neuroplasticity, described the
home program, and presented each subject with a
training CD and a handbook of written instructions.
The BrainFit program included a built-in training
module.

In addition to the education and introduction by
the physical therapist, the CD and the instructional
handbook, the subjects in the HomeþGroup had the
opportunity to participate in supervised group prac-
tice sessions three hours/d, five days/wk for two
weeks (30 hours) in Phase I and five hours/d for
one week in Phase II (25 hours). If a patient missed
a day of supervised practice, an additional day was
scheduled. Training exercises outlined in the instruc-
tional handbook were demonstrated and then prac-
ticed. Task practice stations were set up. The
subjects rotated to each station and the therapist pro-
vided feedback about accuracy of performance and
how to progress training difficulty. The practice ses-
sions were designed to clarify expectations, answer
questions, experience different exercises, and poten-
tially increase compliance.
N=15 Subj

(18 hand

N=10 Subjects
Phase I Admissions

Home+ I Home Program 8 wks
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FIGURE 1. A total of ten subjects enrolled in the study in Phase
subjects from Phase I crossed over to the HomeþGroup, creati
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Dependent Variables

Subjects were evaluated at baseline and postinter-
vention (8 wk and 6 mo). All of the tests used to mea-
sure the dependent variables are summarized in
Figure 2. At each evaluation, the subjects were asked
to perform the target task (writing, typing, and/or in-
strumental play) while being videotaped. The videos
were all sent to trained, blinded graduate students in
physical therapy according to a predefined coding in-
strument used in previous studies.75,76 In addition to
the target task measurement, SEN, fine motor skills,
and hand strength (STR) were measured bilaterally.
A self-reported inventory on functional indepen-
dence (IND) was also completed.

The evaluation instruments have been described
in detail in previous studies.76,91,92 All tests were
administered according to standard procedur-
es.19,75,76,90,93e95 The tests had acceptable reliability.
On the timed tests, a ceiling value was established in
advance to permit standardized scoring (see Table 1).

Subtests from the Sensory Integration and Praxis
Test (kinesthesia and graphesthesia)96 and the
ByleCheneyeBoczai Discriminator Test (BCB-ster-
eognosis)94 were administered to measure cortical
SEN. The scores on these two tests were calculated
as % incorrect and were added together to create the
Sensory Score. The Fine Motor Score was the summary
score from performance on the Digital Reaction Time
Test and the Tapper Test. For the Digital Reaction
Test, the subject had up to 60 seconds to click a stop-
watch on/off. Three trials were administered for
each digit and then the speed was averaged across
all of the digits. On the Tapper Test, the subject was in-
structed to repeatedly depress the lever as fast as pos-
sible in 10 seconds. The number of taps was averaged
for each finger and across the fingers for each hand.
ects 
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FIGURE 2. The dependent variables were measured at baseline, immediately posttreatment and six months posttreatment.
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The score was determined by subtracting the average
score from 70, the norm determined from previous
studies.76 The Fine Motor Score was the sum of the av-
erage score on the Digital Reaction Test and the aver-
age score on the Tapper Test. In previous studies,
interrater reliability was high (intraclass correlation
coefficient [ICC]¼ 0.994).19 IND was measured with
the self-rated California Functional Evaluation
(CAFÉ 40).95 Forty items were scored from zero to
seven based on amount of help needed and the ability
to perform common household, self-care, and work
tasks. The average score is 83.7% in healthy adults.95

Grip and pinch STR as well as the STR of the lumbri-
cal muscles97 were tested according to standard pro-
cedures for manual muscle testing using a grip and a
hand-held dynamometer (measured in pounds). The
average STR of three trials for each task was added
together to create a STR Score.98,99

Interventions

All subjects were asked to think positively about
recovery and to try and manage personal and profes-
sional stress to allow them to concentrate on retraining.
The subject was asked to try to cease the abnormal
movements. The home program included four com-
ponents: l) fitness exercises (positive health), 2)
memory training using a progressive, computerized
commercial program based on the principles of neuro-
plasticity (BrainFit), 3) LBSMT on nontarget and target
tasks emphasizing sensory processing with feedback
through mirrors, sound, sensation, and myoelectric
biofeedback, and 4) specific progressive learning-
based practice on the target instrument (good biome-
chanics, healthy techniques, and minimal stress). Each
subject was asked to follow the specific instructions
included for the memory training—BrainFit (l hour/d)
and carry out learning-based sensorimotor exercises
4 JOURNAL OF HAND THERAPY
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on nontarget and target tasks for l hour/d.90 Some of
the subjects were also taking music lessons with a
trained teacher and were allowed to continue this
instruction during the study.

Physical Fitness

Each subject was allowed to define their own fitness
exercise program according to the following guide-
lines: 1) exercise for conditioning and wellness 3e5
times a week for 30e40 minutes (heart rate targeted at
80% of maximum [200� age 3 80%] achieved by
walking, running, riding a bicycle, swimming, or do-
ing a workout in the gym), 2) get adequate sleep
(5e8 hours of sleep/night), 3) maintain hydration
(10e12 glasses of water or juice/d), and 4) eat three
meals a day balanced with protein, vegetables, and
carbohydrates (not specifically prescribed). This fit-
ness routine was reinforced in the handbook. If the
subject asked for more advice on fitness activities,
the subject was contacted by the physical therapist.

Brain Fitness

BrainFit (http//www.Postscience.com) is a learn-
ing-based memory program designed by scientists
at Positscience. This computer-based program in-
cluded 40 hours of progressive, rewarded, directed,
auditory, and spatial perceptual and cognitive games
designed to improve memory. Each training module
was 15 minutes. The BrainFit program begins with
an introduction discussing brain plasticity and in-
cludes a practice module. The program was modeled
after a learning-based program strategy for children
with dyslexia and then modified to enhance memory
skills in the elderly. The program is progressed ac-
cording to performance. The training modules are
the same for each individual participant, but the
of � 10 March 2009 � 2:52 pm
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TABLE 1. Description of Tests and Measures

Measurement
Tool

Dependent
Variable Scoring System Directions Reliability Equipment

Graphesthesia

(Modified Subtest
of Sensory

Integration Praxis

Test [SIPT])

Sensory
performance

2¼ correct
1¼ partially correct
0¼ incorrect;
% error

Tip of a paperclip used
to draw designs on
subject’s fingers while
EC. Subject recreates
design with pen with
EO. Two designs per
finger pad

Interrater¼ 0.95,
testeretest r¼ 0.91

Paperclip and
design sheet

BCB for stereognosis Sensory
performance

2¼ correct
1¼ partially correct
0¼ incorrect; % error

calculated

Subject’s finger is drawn
across the shape
twice, EC. Subject’s
attempts to pick
correct shape. Ten
trials for 2nd and 4th
finger pads

Interrater/
intrarater¼ 0.995
(ICC), correlation
of r¼ 0.06 between
BCB and Purdue
Test

Twenty designs
and test sheet
of designs

Digital Reaction

Time Test

Fine motor
performance

Time in msec,
average of all
trials (3 trials/
digit)

Subject turns stopwatch
on/off as quickly as
possible. 3 trials per
finger

Intrasession
reliability ranged
from 0.975 to 0.99;
mean time/digit 25

Stopwatch

Tapper Test Finger tapping
speed

Number of taps
in 10 sec

Subject depresses a
mechanical lever
attached to a counter

0.95 in preliminary
study with normal
adults; average 70
taps/finger in
10 sec

Tapper and
stopwatch

MMT Musculoskeletal
performance

Kilograms of force:
UE and LE scores

total all score

Tests performed
following standard
procedures97

supplemented with
dynamometer
measurements of
force output98,99 Jamar
dynamometers, used
for grip, key, and
pinch grip

R¼ 0.887 multiple
correlation with
MMT

Jamar Microfet
and baseline
dynamometers

Posture Postures Ordinal scales;
coded 2 if fully
met the criteria,
1 if partially met
the criteria, and 0
if did not meet
the criteria

Posture: bony
landmarks cited for
the line of gravity 97

were coded as 0, 1,
and 2 and summed to
a total

Testeretest reliability
in normal subjects,
0.8

CAFÉ 40 Functional
performance

Seven-pointLikert
Scale (1¼ least

independent and
7¼most
independent)

Self-scoring of ability to
perform functional
activities. Scores
inverted for data
analysis

Testeretest: r¼ 0.971;
average score in
healthy adults,
87.4% 95

Written
questionnaire

BCB¼ ByleCheneyeBoczai Test; LE ¼ lower extremity; UE ¼ upper extremity; MMT¼Manual Muscle Test; Tapper¼ finger tapping
speed; EC¼ eyes closed; EO¼ eyes open.
All of the tests and measurements followed standardized procedures for administration.
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difficulty is individually adapted. The subject re-
ceives feedback from the program on the perfor-
mance on the lesson addressed each day. This
program has been correlated with significant im-
provement in memory skills in older adults.100,101

LBSMT

The primary goal of LBSMT for patients with focal
hand dystonia is to recover normal voluntary fine motor
control at the target task. The LBSMT activities are
configured according to the principles of neuroplastici-
ty.102e104 The strategies used are summarized in the
FLA 5.0 DTD � HANTHE515_pro
Textbook of Hand Surgery and Rehabilitation103 with
the research supporting the theoretical construct and ef-
fectiveness of the strategy published in Pathology and
Intervention in Musculoskeletal Rehabilitation.105

The program of training has also been summarized
in other research studies (Table 2).100,101,106

The learning-based sensorimotor program begins
with imaging normal movement, trying to stop the
abnormal movement, learning to interface the hand
with the target instrument and then creating attended,
progressive, graded, repetitive sensory, sensorimotor,
and fine motor movements on nontarget and then small
parts of the target task. Ultimately, the subjects progress
jej 2009 5
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to practicing complete performance on the target task.
The focus on facilitating of voluntary progressive nor-
mal movements beginning with nontarget tasks distin-
guishes LBSMT from some of the other task-oriented,
forced use paradigms characterized as constraint-in-
duced movement therapy (CI or CIT) or sensory motor
retuning (SMT), which includes the use of dynamic
splinting to control the fingers during forced use of iso-
lated fingers and then multiple fingers.65

The physiological objectives of LBSMT are to drive
the neural learning required to stop the abnormal,
involuntary dystonic movements, and restore normal
task-related performance by: 1) quieting excessive
excitation, 2) enhancing inhibition, 3) integrating
good biomechanics, ergonomics, and SEN when us-
ing the hand at nontarget tasks, and 4) integrating
good biomechanics, ergonomics, SEN, and normal
motor control while performing the target and related
tasks. Sensorimotor retraining emphasizes using sen-
sory inputs (the way the object feels) to improve the
gradation of coordinated, fine motor output.

At this time, the exact number of repetitions and
the progression of difficulty cannot be precisely
defined or monitored in terms of minimal detectable
differences. In supervised practice, progression of
task difficulty must be based on approximate accur-
acy of performance (e.g., demonstrating approxi-
mately 80e90% accuracy before starting a more
difficult task). An outline of the program of training
is included in Table 2.

Six-month F/U

All subjects were contacted six months post
home treatment. Subjects were videotaped while per-
forming the target task(s). Each subject was asked to
complete the self-evaluation of IND (CAFÉ 40), note
employment status, and rank compliance on each
training component (fitness activities, memory train-
ing, sensorimotor training, and task practice). Table 3
summarizes the definitions for the ordinal scale for
compliance. Work (employment) status was self-coded
as: (0)¼working or performing full time without diffi-
culty, (1)¼working or performing full time with minor
modifications of the task, (2)¼working or performing
regularly but with difficulty and/or using special tech-
niques, (3)¼working or performing part time or occa-
sionally, and (4)¼ not working or performing.

RESEARCH DESIGN AND DATA
ANALYSIS

This was a prospective quasi-experimental design as
defined by Campbell and Stanley107 with two interven-
tion groups. Subjects in both groups participated in the
standard home program (Home Group). The second
group (HomeþGroup) initiated the home program
with supervised practice (subgroup I participated in
6 JOURNAL OF HAND THERAPY
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30 hours of practice over 2 wk and subgroup II partic-
ipated in 20 hours of practice over 1 wk). The sub-
groups of the HomeþGroup were tracked separately
and together to note possible differences by hours of
practice. Based on an effect size of 0.90 determined
from previous studies involving LBSMT,106 with alpha
set at 0.05 and beta set at 0.30, a minimum of five sub-
jects were needed in each group to have the power of
finding a significant difference.108

All dependent variables were considered indepen-
dent families. Each variable was described by median
score. On task-specific performance, SEN, fine motor
control, and STR, the proportion of affected hands
improving in performance by at least 10% and the
associated effect sizes were calculated. Analysis of
change in IND was based on the number of subjects
(not the number of involved hands). The analysis of
significance across all subjects or hands was performed
with nonparametric statistics (paired Wilcoxon for
preepost test changes and z-test for proportional dif-
ferences to determine the significance of the proportion
of hands improving). All tests were two-tailed;
p , 0.05). Because of the small number of subjects or
hands, group differences were described by median
score, effect size, and the ratio of the effect sizes between
the groups. At the six-monthF/U, self-reported compli-
ance by subject was analyzed by group assignment and
then, for visual analysis, compliance was plotted with
improvement in task performance. The intent to treat
model was followed.
RESULTS

Subjects

Table 4 describes the subjects. Ten subjects were ad-
mitted in Phase I and three new subjects were admit-
ted in Phase II. There were a total of 13 different
subjects, three females and ten males with an average
age of 50 years. All of the subjects had been diag-
nosed with FHdTSP for more than three years. Three
subjects had both hands involved. Two subjects
from Phase I continued to participate in Phase II of
the study, increasing the total participants to 15 (18
hands). One subject dropped out after his car was
vandalized during the first week of supervised prac-
tice. One subject fractured the unaffected wrist near
the end of the eight-week home training (unrelated
to treatment) but was available for the immediate
posttreatment F/U and the six-month F/U. One sub-
ject did not respond to telephone or written requests
to return for the six-month F/U.

Effectiveness of Treatment

Immediately after treatment, 50e89% of the subject
hands demonstrated statistically significant im-
provement on SEN (88% improved; p , 0.005),
of � 10 March 2009 � 2:52 pm



TABLE 2. Summary of Program Components: Learning-based Sensorimotor Training

I. Think positively about recovery
Approach retraining with a positive expectation for improvement.
II. Image normal movements

Image normal movement strategies at the desired target task, inhibit involuntary movements (e.g., excessive excitation) and heighten the
accuracy of sensory discrimination to facilitate the desired movement. Think back in time when it was possible to perform the target task
normally without the involuntary dystonic involuntary movements as well as recapture the joy of performance on the instrument.

III. Inhibit abnormal movements

Cease the repetition of the abnormal movements. Be sensitive to even the slightest abnormal muscle contractions (e.g., the tension that may
develop while thinking about the task). Reinforce stopping (inhibiting) the abnormal movements with biofeedback (e.g., tape on the
affected digits, mirrors, electrical or auditory feedback, visual feedback). Initially, the objective may be just to decrease the frequency of
the abnormal dystonia movements. Normal movements must occur more frequently than the abnormal movements.

IV. Improve sensory discrimination skills

The objective is to improve the ability of the sensory receptors to actively discriminate fine differences between objects without using the
eyes. Sensory information helps inhibit abnormal sensations. Sensory feedback helps develop the ability to modify the movement. Sensory
discrimination activities can be done in a variety of venues. For example, putting rough or sticky surfaces on objects you regularly use (e.g.,
pen, pencil, toothbrush, and hairbrush) can help improve the definition of the object. When an object has a rough surface, the brain will
organize itself around the sensation. The brain will automatically reduce the force on an object of similar size and weight if it has a rough
versus a smooth surface. Putting specific objects into a bowl with beans, rice, and other stimuli provides a media for the fingers to try to find
and match target objects from the bowl. Putting objects in the pocket provides a method to work on sensory discrimination while walking or
sitting. It may also be helpful to improve discrimination when information is delivered to the skin by a person or a robotic device. For
example, a friend could touch a finger and ask the subject to identify which finger was touched. Another person could draw designs on the
finger of the individual with dystonia or write letters or words. The tasks should be progressed in difficulty.

V. Develop strategies for positive feedback of healthy performance

To provide feedback for sensory, sensorimotor, and motor training, the unaffected hand can be placed in front of a mirror (the affected hand
placed behind the mirror). The mirror image of the unaffected hand looks like the affected hand. This mirror image is used to guide and
positively reinforced normal sensation and normal movements of the affected limb (e.g., feeling and discriminating how objects feel,
opening and closing the fingers, bending and straightening the wrist, tapping an individual finger, rolling the palm up and down, picking
up objects, stacking objects, placing objects in different positions, drawing, writing, and where possible using the target instrument).

VI. Normalize muscle contractions when the hand is placed on the target instrument

It is important to learn to place the hand on the target instrument without recruiting muscle tension or the abnormal movements. It may be
necessary to imagine placing the hand, then placing the hand for very brief seconds and then increasing the time. A normal balance of
sensory activation of receptors must be achieved without abnormal activation of muscle firing.

VII. Practice grading movements

Graded movements are practiced to enhance fine motor control at simple and complex tasks. If graded movement can be accomplished at a
simple task, it is the first step at achieving controlled graded movements of a more difficult task, including the target task. This skill can
be practiced by lightly touching a table surface, putting the fingers on a moving surface like a record turning without changing the music
or putting the finger/hand on a scale and maintaining an even pressure. These activities can be progressed to manipulating objects on a
moving surface (e.g., on a treadmill moving at different speeds). These skills are needed when using an instrument. Most instruments
require fine, graded movements to depress keys, release keys, jointly move fingers up and down on a string or coordinate individual and
joint finger depression and release on a keyboard.

VIII. Practice at nontarget tasks

Each subject is encouraged to identify the tasks that are similar to the tasks that lead to the dystonic movements. These nontarget tasks are
at risk for ultimately being associated with the dystonia. All of the principles of sensory discrimination, healthy contact with the surface
of the instrument, manipulation of the instrument, graded handling of the instrument can all be incorporated by working with a
nontarget task. These activities reinforce normal movement strategies that can slowly be transferred to the target task.

IX. Modify the performance posture
It is important to evaluate the ability to process task-specific sensory information associated with motor performance of the target task in the

usual performance position versus a different position. The position of the body relative to gravity can change the information about
muscle length, joint proprioception, and postural righting. These modifications in sensory inputs may improve the ability to inhibit
abnormal muscle contractions Positions such as lying on the back, the stomach or assuming an inverted position could be tried. In these
altered positions, place the hand at the interface of the instrument and then begin to handle the instrument. It may or may not be possible
to play in this position. Earning-based sensorimotor activities not only emphasizes sensory discrimination (cutaneous information,
muscle length, and joint proprioception) in the usual performing posture, but also may necessitate task practice under different postural
conditions (e.g., atypical performance position and inversion).

X. Fine motor movements

Fine motor movements are practiced after improving sensory discrimination. The goal is to recruit desired muscles (those moving the
fingers and wrist in the desired direction-agonists) while avoiding the contraction of the muscles that move the limb in the opposite
direction (trying to stop the muscles from contracting that move the limb in the opposite direction—inhibit antagonists) One example
would be to bend the fingers by moving the large knuckle (the base of the finger) by using the muscles inside the hand rather than the
longer flexor muscles that bend the fingers (e.g., interossei and lumbricals). Then individuals should practice releasing the muscles used
to move the fingers down without necessarily actively lifting the fingers up; this strategy minimizes the rapid, alternating contraction of
the muscles that bend and extend the fingers. Practice sessions can be enhanced with auditory and mirror feedback. These movements
should be practiced on nontarget and eventually target tasks.

XI. Practice at target tasks
Specific task practice must be tailored to each individual and the unique involvement of the dystonic digits and the requirement of

performance on each instrument. When the hand can be placed quietly on the target instrument without facilitating abnormal dystonic
movements, sensory and fine motor training should be started on the target instrument. In training, the emphasis must be on the
integration of nonstereotypical movements, specifically avoiding rapid alternating, stereotypical movement patterns.

(continued on next page)
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TABLE 2. (continued)

Subjects are encouraged to use the whole arm within a balanced posture to perform small quick movements initiated by the muscles
originating in the hand instead of the muscles originating in the forearm. Where possible, subjects are encouraged to work with teachers,
physical therapists, and ergonomists to incorporate good biomechanics and positively modify techniques on the desired instrument.
Individuals with writer’s cramp or keyboarder’s cramps are encouraged to integrate voice-activated software systems into the work
place. However, the benefit of this strategy was not assessed in this study.

The objective of retraining is to positively retrain neural organization and synaptic connections. Quality movements are considered
essential, even when only part of the task can be performed. Recommended practice with the target instrument is suggested at 5-min
intervals. Regular breaks are considered critical, not only at the beginning of retraining but also until full return to performance is
achieved. Breaks are initially recommended at 5-min intervals and progressed to 10-, 15-, 20-, and then 30-min intervals. Even with full
return to performance, regular breaks continue to be recommended at every 30 min.

The objectives of learning-based sensorimotor training were to stop the involuntary dystonic movements, decrease over-excitation, facilitate
inhibition, enhance accuracy of sensory discrimination, improve voluntary control of the hand, and restore task-specific performance.
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Target-specific performance (TSP) (75% improved;
p , 0.006), and motor speed (76.5% improved;
p , 0.005). Fifty-three percent to 59% of the subjects
had improved scores on IND and STR, respectively,
but the gains were not statistically significant (see
Figure 3).

Immediately posttreatment, for task-specific per-
formance, the hands of the subjects in HomeþGroup
(I and II) improved more than the Home Group on
the affected and unaffected sides. However, the
hands in the subjects in the Home Group made greater
gains in SEN, fine motor speed, and STR. A summary
of the median pre- and posttest scores for the affected
and unaffected limbs are reported in Table 5 with the
effect size changes summarized by group in Table 6.

At six months, the mean score on IND across
subjects and across groups was similar to healthy
controls (with a mean of 87.4%, 90.0%, and 83.2%,
respectively, by Homeþ I, Homeþ II, and Home
Group). The effect size was 1.09 across groups (1.33,
0.825, 1.35, respectively, by Homeþ I, Homeþ II, and
Home). At six months, the median TSP score was
79.8% (75.6, 86.9, and 77.3, respectively, by Homeþ I,
Homeþ II, and Home Group). The effect size for TSP
was 1.16 across all three groups (1.81, 1.29, and
0.637, respectively, by Homeþ I, Homeþ II, and Home
Group). The ratio of the effect size for the two experi-
mental groups (Homeþ I and Homeþ II) compared
with the Home Group was 2.84 and 2.03, respectively.
The subjects in the HomeþGroup were twice as likely
to make gains on task-specific performance compared
with the Home Group (see Table 6 and Figure 4).

Compliance

Table 7 summarizes the level of compliance by
group at the six-month F/U. For data analysis of
TABLE 3. Ordinal Scale for Self-Compliance

Score Definition of Compliance Level

0 Practiced for a short time every day
1 Practiced regularly (e.g., 3e5 times/wk)
2 Practiced the exercises regularly when having

difficulty with the task
3 Occasionally practiced some of the activities
4 Usually did not comply with the activities
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FLA 5.0 DTD � HANTHE515_pro
TSP by compliance, the compliance information pro-
vided by the subject was integrated to create two
groups: a minimally compliant group (no to low
compliance) and a moderate to high compliance
group (including full to a moderately high compli-
ance). Moderate to high compliance was reported
for 33% of the subjects in the Home Group and
67.7% of the subjects in the HomeþGroup. The sub-
jects in the HomeþGroup were twice as likely to self-
evaluate their compliance as moderate to high com-
pared with subjects in the Home Group. There were
no differences in median change scores or effect
size for IND (effect size 1.1 and 1.2, respectively)
for subjects in the moderately high compliant group
versus minimal compliant group. However, for TSP,
the mean effect size was 3.95 for subjects classified
in the moderate to high compliance group and
0.834 for those classified as the minimal compliance
group. Subjects who were compliant were four times
more likely to improve task performance compared
with subjects who had low compliance (see
Figure 5).

At the six-month F/U, of the 11 subjects contacted,
six subjects self-rated his or her dystonia as severe
and severely disabling at baseline. At F/U, all but one
subject had returned to work (including return to
musical performance). All six subjects in the moder-
ate to high compliance group rated their initial
dystonia as mild and self-reported good to excellent
progress, with improvement rated at .50%. All five
subjects in the poor compliance group rated their
initial focal hand dystonia as severe and reported
minimal improvement with the intervention.

Disability

At the beginning of the study, one subject was on
work-related disability and two subjects had tem-
porarily taken time off work for retraining. At the
end of the study, one subject remained on work-
related disability and was eligible for retirement in
one year. The remaining ten subjects contacted
were working. None of the subjects rated their
dystonia as worse. When asked if the training had
helped to improve their performance at the target
task, seven of 11 felt they had experienced a good
of � 10 March 2009 � 2:52 pm



TABLE 4. Description of Subjects

Group Gender Number (Hands) Age Range (yr) Affected Side Occupation

Homeþ Phase Ia Males: 4
Females: 2

7 27e66 Right: 3
Left: 3

Musician: 2
Translator: 1
Accountant: 1
Administrator: 1
Keyboard/programmer: 1

Homeþ Phase IIb Males: 4
Females: 1

6 37e58 Right: 4
Left: 2

Musician: 5
Keyboard/programmer: 1

Home Males: 4
Females: 0

5 34e64 Right: 4
Left: 1

Musician: 1
Investment/developer: 1
Health care professional: 2

Total n¼ 15 (18 hands; mean age of 47.6 yr).
aOne drop out.
bTwo cross over subjects.
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to excellent response to the learning-based training
activities. Nine of 11 subjects achieved a score
equivalent to healthy age-matched controls (87%
or higher) on IND and a score of 85% or higher
on TSP.
DISCUSSION

Subjects with FHdTSP can improve task-specific
motor control after a comprehensive, integrated
home program of fitness exercises, learning-based
memory, and sensorimotor training and task practice.
Null hypotheses 1e4 must be rejected. Subjects with
FHdTSP made significant gains in TSP with home
training. Subjects initiating the home program with
supervised practice were more likely to be compliant
with a home program. Compliant subjects made
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FIGURE 3. Seventy percent of the subjects improved on
all of the dependent variables. The proportion of improve-
ment of the involved hands ranged from 50% to 89%. The
proportion of improvement was significant for sensory dis-
crimination (88% improved; p , 0.005), target-specific
performance (75% improved; p , 0.006), and fine motor
speed (76.5% improved; p , 0.005).
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greater gains in TSP compared with noncompliant
patients. Gains in task-specific motor performance
were maintained six months posttraining. However,
none of the subjects achieved 100% of recovery.

The etiology of FHdTSP is multifactorial.
Improvement in task performance interacts with
chronicity of dystonia, severity of dystonia, motiva-
tion of the individual, positive thinking, ability to
modify stress and work demands, ability to modify
performance techniques, financial stability, family
support, and compliance in training. Thus, this pre-
liminary study suggests retraining should be multi-
factorial. However, multifactorial training limits the
ability to confirm which components of training are
critical to recovery. It also makes the intervention
more challenging to control in a community- or
home-based setting.

In this study, half of the subjects rated his or her
dystonia as mild and half rated his or her dystonia as
severe. Although all of the subjects initially agreed to
be compliant with a home learning-based training
program, all subjects admitted they were not 100%
compliant. Those with less severe dystonia appeared
to be more compliant than those self-rating their focal
hand dystonia as severe. It is possible that the subject
who perceived his or her dystonia as severe may have
had more difficulty in thinking positively about
recovery, particularly if he or she had suffered dys-
tonia for a long period of time.

Retraining the brain implies that normal move-
ments should be repeated more frequently compared
with abnormal movements. Subjects volunteered that
it was difficult to stop the abnormal movements,
particularly if the subject had to maintain a regular
work schedule. The subjects also commented reduc-
ing work time helped stress management.

Supervised Practice

The results from this preliminary study suggest that
subjects engaging in a supervised program before
initiating the home exercise program targeted to retrain
the brain were more likely to recover task-specific
jej 2009 9
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TABLE 5. Median Scores on Affected and Unaffected Sides by Group

Measurement/
Period/Group

Task Performance (%) Sensory (% Incorrect) Fine Motor (Speed of Response) Strength (#)

Affected Unaffected Affected Unaffected Affected Unaffected Affected Unaffected

Home þ I

Pre 63.5 89.0 93.8 87.5 49.6 34.3 106.5 121.4
Post 84.5 100 91.3 76.3 32.1 26.1 106.0 124.7

Home þ II

Pre 86.5 90.0 75 100.0 29.8 22.8 111.8 138.8
Post 71 90.5 63.8 70.0 25.6 26.2 117.7 140.3

Home

Pre 65.2 79.2 97.5 100.0 19.7 26.8 135.6 141.8
Post 81.1 81.8 97 94.8 22.8 38.7 145.2 134.2

Norm 100 48 19e25a variable

aThe Total Fine Motor Score for each subject was calculated by subtracting the average number of taps/finger from the norm of 70 and
adding the average reaction time/finger.
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performance than subjects initiating the home-retrain-
ing program with verbal instruction but no practice.
The subjects participating in supervised practice were
also more compliant. Further, increased compliance
was associated with greater gains in TSP.

Home-retraining programs are cost-effective, but
compliance is usually an issue. With a home pro-
gram, it is difficult to provide feedback about accur-
acy of performance. Thus, training could continue to
reinforce abnormal movements. It is also difficult to
control practice intensity with a home program.

Intensity of Practice and Compliance

Subjects were asked to join a gym or perform
fitness training on a regular basis (l hour 3e5 times/
wk, 30e40 min). BrainFit is a program including
40 hours of training. The team at positscience.com
recommends daily practice for approximately one
hour a day. In addition, subjects were asked to prac-
tice LBSMT for one hour a day. It is not clear what
TABLE 6. Group Results by Mean

Pre/Post Change/Group
Functional

Independence
Task-specif

Control

Homeþ I (n¼ 6)
Mean change score (%) 8 29
Effect size 0.229 4.20

Homeþ II (n¼ 5)
Mean change score (%) 6 �10
Effect size 0.499 �0.493

Home (n¼ 5)
Mean change score (%) 25 18
Effect size 0.447 3.43

Mean weighted effect size 0.379 2.42

Immediately Posttreatment. Across groups: For IND, there was a moder
moderately strong effect size; for fine motor control, SEN, and STR, the
effect size in task-specific motor control and fine motor control; for Group
motor control, fine motor control, and a large effect size for strength. For

control and SEN, a moderate change in IND and a small change in fine
IND¼ functional independence; STR¼ strength; SEN¼ sensory discrim
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intensity (frequency, duration, and type) of practice
is needed for subjects to retrain neural networks to re-
store TSP. Although researchers report a single event
can lead to adaptive neurophysiological changes,
each synaptic modification may not be associated
with improved function.

Most of the patients completed fitness training 3e5
times/wk. However, in terms of sensorimotor or
task-specific training, the subjects self-reported
spending an average of 30 min/d on the BrainFit pro-
gram and another 30 min on LBSMT approximately
five days a week. Most subjects also reported some
self-directed practice with their instrument.
Although this time commitment was less than recom-
mended, marked improvement was measured in
task-specific performance for both groups of subjects.

From previous studies on forced use paradigms,
there is evidence that eight hours of daily training for
ten days can lead to significant gains in upper limb
function in patients poststroke.109 However, in these
studies, each subject only spent 3.95 of the eight hours
Change Score and Effect Size

ic
Sensory Score

Fine Motor
Speed Strength

�2 �27 �3
�0.055 �1.35 �0.324

�10 �14 4
�0.221 �0.615 0.845

18 �3 �0.4
0.942 �0.130 �0.036

0.166 �0.722 0.263

ately large effect size; for task-specific motor control, there was a
re was a small effect size. By group: For Group I, there was a large
II, there was a moderately strong effect size for IND, task-specific
the home group, there was a large effect size for task-specific motor
motor control and strength.

ination.
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FIGURE 4. At six months posttreatment, 85% of the sub-
jects achieved scores similar to healthy historic subjects on
functional independence and 85% of the subjects were per-
forming 85% or higher on the target task.
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FIGURE 5. At six months posttreatment, subjects self-
reporting good compliance achieved greater gains in
task-specific motor performance compared with subjects
self-reporting poor compliance.
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on task practice (39.50 hours rather than the originally
estimated 80 hours). We also know from other clinical
studies that greater gains may be achieved during in-
tense periods of training,106 significant clinical perfor-
mance gains have also been measured with less
intense training (e.g., 2e8 hours/wk for 6e8 wk).

Clinical Significance of Improved Function

In this study, subjects were generally independent
in self-care and community integration. However,
improvement in IND averaged 20% with 10 of 11
patients functioning similarly or higher than compa-
rable healthy adults (83%). Subjects improved in the
range of 10e29% in TSP. On the unaffected side,
performance on the target task ranged from 78% to
100%. This suggests that focal hand dystonia has a
bilateral impact.

At the six-month F/U, ten of the 11 subjects inter-
viewed had returned to work. Nine of the 11 subjects
interviewed were performing at a level of 85e90% on
the target task. All reported performing the target task
TABLE 7. Compliance

Group
Full

Compliance
Partial

Compliance
No

Compliance Total

Homeþ I 3 2 1a 6
Homeþ II 2b 3 5
Home 3 1 4

Total 5 8 2 15

aPatient dropped out after car burglarized in the parking lot.
bThese two patients were crossed over from Phase I.
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as a component of work. One subject entered the study
on disability and remained on disability. This subject
was eligible to retire within the year. At the end of the
study, this subject was independent in all personal,
daily living and community activities and was able to
use her computer for personal business. However, us-
ing the computer intensively eight hours per day to
meet the demands of an accounting career would
have been difficult. One subject had been unable to ac-
cept any performance commitments before study par-
ticipation, resumed a regular performance schedule
but eliminated one of the instruments in his repertoire.

Neuroimaging studies were carried out on several
of the subjects enrolled in this study. Based on
magnetoencephalography, there was measurable
degradation of the hand representation on the con-
tralateral and ipsilateral side. After training, there
was measurable improvement in the organization of
the hand representation (improved segregation of the
digits). This study is still admitting subjects.

The question is whether combining learning-
based memory and sensorimotor training led to
greater improvement in task performance compared
with LBSMT alone. Comparing the results of this
current study with previous sensorimotor training
studies of patients with FHdTSP, 100% recovery of
task-specific performance is relatively uncommon,
even when changes in the cortical map were clearly
documented.19,64e66,75,76,81e83,90 In the previous
learning-based sensorimotor studies in our labora-
tory the recovery of task-specific performance aver-
aged 78.6% with approximately 75% of the subjects
returning to work.19,75,76 In this current study, the re-
covery of task performance averaged 85% with
more than 95% of the subjects returning to work.
The criteria for admission of subjects into the cur-
rent and past studies were the same. However, in
jej 2009 11
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the past studies, the sensorimotor training was super-
vised training once a week reinforced with a home
program. Thus, it is unlikely that the differences in
the historic findings and the current study were re-
lated to severity of impairment. In another study,
the same researchers reported significant improve-
ment in cortical representation and digital organiza-
tion of the hand in patients with FHdTSP; yet, the
patients were still making errors in SEN and contin-
ued to be slower in motor performance time.19

Even though some patients with FHdTSP do not
achieve a cure, this preliminary study suggests a mul-
tifaceted intervention program including fitness and
a combination of learning-based memory and senso-
rimotor training is associated with better recovery of
task-specific performance than fitness and LBSMT.

On the other hand, some individuals have success-
fully trained away FHdTSP. David Leisner, a classical
guitarist, claims he not only is cured, but also is per-
forming even better than before the injury. David is a
well-known teacher, composer, and performing art-
ist. He freely discusses how he managed to accom-
plish this after more than ten years with dystonia
(www.davidleisner.com/FocalDystonia.html).

Study Limitations

This study had methodological problems limiting
the strength of the conclusions and the generalize-
ability of findings. A mixed quasi-experimental de-
sign does not meticulously control the factors needed
to assure internal and external validity. Most specif-
ically, this study lacked complete random assign-
ment, double blinding, and a placebo control group.
Some control was established by the inclusion of two
treatment groups, reference to a historic control
group and blinded analysis of the data, particularly
the video analysis of TSP. The number of subjects was
small and represented a convenience sample of sub-
jects referred to one of two faculty practices in
Physical Therapy. Subjects were not restricted from
participating in other conventional and unconven-
tional therapies when they participated in the study.
Thus, most of the subjects continued to receive
physical, occupational, psychological, and/or musi-
cal instruction in addition to the study intervention.
The study excluded patients who had received bot-
ulinum within three months of study participation
and subjects were asked not to receive botulinum
toxin while enrolled in the study. Only two subjects
were able to take time off work to retrain. Continuing
to work could have exacerbated the repetition of
abnormal movements, limiting the time available to
retrain using normal movements. Home exercise
programs are inherently at risk for poor patient
compliance, even when daily log sheets are included
in the study. Compromised compliance limits the
ability to interpret the level of effectiveness of the
12 JOURNAL OF HAND THERAPY
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intervention. This study also limits the ability to
analyze the requirements of training in terms of
intensity, duration, and repetition.

Another major constraint for retraining programs for
patients with FHdTSP is that training must follow the ba-
sic principles of neural adaptation. However, it must
also be tailored to each individual. Thus, the training
tasks will vary in terms of the number of repetitions,
the progression of difficulty, and the exact activities
practiced. In addition, it was not possible to monitor fre-
quency of performance of the abnormal movements.
Some patients found it difficult stop the abnormal, in-
voluntary movements during retraining.

Given the small number of subjects and the inte-
gration of the intent to treat model, the findings in this
study must be considered conservative. Even with
poor compliance, most of the subjects improved per-
formance on most of the dependent variables. Given
the lack of a control group, it is conceivable, improve-
ment in task performance was a consequence of the
Hawthorne effect (e.g., increased attention, increased
understanding, improved awareness, more directed
rehabilitation activities, and increased awareness of
the principles of retraining).

Future Research

The findings from this preliminary study provide
evidence to support the development of a larger,
randomized clinical trial (RCT) to study the effective-
ness of neurobehavioral training for patients with
FHdTSP. The next trial must include random assign-
ment, blinded evaluators, and supervised interven-
tion for all aspects of treatment (e.g., fitness
programs, positive thinking, memory training, and
sensorimotor training, and task practice). The subjects
should all participate in fitness and wellness activities
and then be randomly assigned to participate in one of
three learning-based paradigms: 1) learning-based
memory training, 2) LBSMT at nontarget and target
tasks, and 3) learning-based memory and sensorimo-
tor training. This study needs to be a longitudinal
study with at least a one-year F/U. Given the reported
effectiveness of 40 hours of BrainFit training, the
LBSMT should also be 40 hours (8 wk, 5 d/wk,
1 hour/d). To condense training time, memory training
could be performed during a fitness activity (e.g., walk-
ing on a treadmill or riding a bike). Combining activi-
ties would heighten attention and facilitate dual-task
performance. The findings from the RCT could then
be translated to a home setting, with telephone calls,
Web site chat rooms, and/or camera supported work-
station sites to facilitate compliance.

CONCLUSIONS

In this preliminary, quasi-experimental study of
patients with FHdTSP, positive gains in task-specific
of � 10 March 2009 � 2:52 pm
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performance were measured after a multifactorial
home program emphasizing fitness, cessation of ab-
normal patterns of movement, enhanced memory
skills, and improved sensorimotor discrimination.
Patient compliance is an important part of recovery
of function. These findings provide evidence to de-
velop larger, RCTs for patients with FHdTSP to tease
out the relative importance of each program compo-
nent and to correlate neurophysiological changes as
measured by current neuroimaging techniques with
performance gains.
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