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Best Conventional Therapy Versus Modular
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Background. The study investigated whether passive splinting or active motor training as either individualized best conventional therapy
or as standardized impairment-oriented training (IOT) would be superior in promoting motor recovery in subacute stroke patients with
mildly or severely paretic arms. Methods. A total of 148 anterior circulation ischemic stroke patients were randomly assigned to 45 min-
utes of additional daily arm therapy over 3 to 4 weeks as either (a) passive therapy with inflatable splints or active arm motor therapy as
either (b) individualized best conventional therapy (CONV) or (c¢) standardized 10T, that is Arm BASIS training for severe paresis or
Arm Ability training for mild paresis. Main outcome measures included the following: Fugl-Meyer arm motor score (severely paretic
arms) and the TEMPA time scores (mildly affected arms). Pre—post (immediate effects) and pre—4 weeks follow-up analyses (long-term
effects) were performed. Results. Overall improvements were documented (mean baseline and change scores efficacy: Fugl-Meyer, arm
motor scores, 24.4, +9.1 points; TEMPA, 119, —26.6 seconds; P < .0001), but with no differential effects between splint therapy and the
combined active motor rehabilitation groups. Both efficacy and effectiveness analyses indicated, however, bigger immediate motor
improvements after [OT as compared with best conventional therapy (Fugl-Meyer, arm motor scores: IOT +12.3, CONV +9.2 points;
TEMPA: IOT —-31.1 seconds, CONV —20.5 seconds; P =.0363); for mildly affected patients long-term effects could also be substantiated.
Conclusions. Specificity of active training seemed more important for motor recovery than intensity (therapy time). The comprehensive
modular IOT approach promoted motor recovery in patients with either severe or mild arm paresis.
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emiparesis is one of the most important predictors of

long-term disability."* Motor function of the affected arm
can explain up to 50% of the variance in functional autonomy
in stroke patients.® Furthermore, both arm impairment, that is,
the ability to move the arm and its segments selectively, and
arm disabilities, that is, the ability to handle everyday life
objects successfully, are associated with handicap situations 6
month later, that is, the degree of difficulty and help needed in
daily and instrumental activities, and in social roles.*

But can they be influenced by exercise therapy? A system-
atic review of randomized controlled trials stated that no defi-
nite conclusions about the effectiveness of exercise therapy on
arm function in stroke patients can be drawn.’ The evidence
suggested that more exercise therapy may be beneficial. An
effect of augmented exercise therapy time (AETT) on arm
activities could, however, not be substantiated in another large
meta-analysis of stroke rehabilitation trials.® Similarly, for
specific moderate intensity interventions the evidence is far
from being conclusive: a Cochrane review including 14

randomized/quasi-randomized trials suggested that repetitive
task training resulted in modest improvement in lower limb
function but not upper limb function.” Functional electrical
stimulation might promote motor recovery, but existing evi-
dence is not yet unequivocal.®

Thus, the prevailing moderately intensive exercise sched-
ules might or might not promote recovery. In contrast, massive
practice in patients with at least partially preserved hand func-
tion can produce substantial and long-lasting chances in
amount of arm use®'’: this subpopulation of stroke patients
benefits from massive practice (6 hours per day) and parallel
constraint of the less affected arm. Both the necessary massive
therapy schedules and the preselection of patients do, how-
ever, restrict the potential benefits to selected stroke victims.

Given the restricted resources in our health care systems, it
needs to be determined how the available moderate-intensity
rehabilitation resources have to be tailored to be efficacious. It
seems that both active motor therapy and a minimum exercise
therapy time are key issues.'"'? But within these constraints,
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would it be best to rely on the therapists’ experience and
intuitive selection of therapeutic elements to promote the indi-
vidual patient’s best possible recovery? Or is therapeutic time
so precious that we have to standardize therapeutic practice
and ground it firmly on neuroscientific reasoning to promote
its (otherwise) small chance to modify recovery beyond natu-
ral history and spontaneous recovery? With the former we risk
lacking the potential power of neuroscience knowledge and
standardized work routines in daily practice; with the latter we
might miss out to take advantage of experience, individual
circumstances, and psychosocial characteristics.

Theoretically, training concepts could be most likely clini-
cally efficacious if they were neuroscience based and targeted
motor control deficits specifically, that is, were impairment
oriented. An impairment-oriented training (I0T) would aim to
be both causal, that is, improve those motor control deficits
that affect daily life abilities, and comprehensive, that is,
improve all relevant control deficits. By doing so, it might
promote any training’s efficacy and transfer to daily life even
within given therapeutic time restraints.

Arm paresis shows a bimodal distribution with many patients
with either mild or severe arm activity limitations and quite dif-
ferent motor control dificits.!*!> Thus, a specific IOT concept
would have to provide at least 2 training strategies to deal with
arm paresis after stroke. Specific and highly structured training
methods have been developed, such as the Arm Ability training
for patients with mild arm paresis and the Arm BASIS train-
ing for patients with severe arm paresis.'>!” Randomized con-
trolled trials supported their clinical efficacy: the Arm Ability
improved dexterity and timed performance with everyday-like
arm activities in patients with mild paresis, whereas the Arm
BASIS training improved the capability for selective arm
movements in patients with severe paresis.'*** Together they
might provide a comprehensive and efficacious impairment-
oriented modular exercise therapy approach for a broad range
of degree of arm paresis after brain damage. Thereby, the thera-
peutic needs of many stroke victims could be met.

In this study, we wanted to contrast the effects of moder-
ately intense AETT (45 minutes per weekday over 3-4 weeks)
when provided either as passive stimulation therapy with
inflatable splints applied to the affected arm or as active arm
motor rehabilitation therapy with active use of the affected
arm during therapy session intended to promote its motor
capacities (contrast “motor training intensity”). Within the
active arm motor rehabilitation therapy we designed a contrast
between whatever the individual therapist regarded as the best
therapeutic option for a given patient’s arm rehabilitation
(“best conventional therapy”) and the standardized highly
structured IOT techniques (contrast “experimental factor”).
Because patients with a broad range of severity of arm paresis
were to be recruited, randomization was blocked within strata
for severe and mild arm paresis. It was assumed that active
motor therapy is more efficacious than passive stimulation
therapy,'' whereas for reasons stated above either active thera-
peutic regimen could have been superior. For the philosophy

and structuring of motor rehabilitation services, knowledge
about the experimental factor would be of considerable impor-
tance and might help promote rational resource allocations for
the benefit of many stroke patients in our societies.

Methods

Participants

Patients after a first clinically apparent unilateral supraten-
torial anterior circulation ischemic stroke in the subacute
phase were recruited during inpatient rehabilitation treatment
at 1 of 6 German participating departments of neurological
rehabilitation: (a)the DepartmentofNeurological Rehabilitation
ofthe Charité—Universitdtsmedizin Berlin; (b) Klinik Bavaria,
Kreischa; (¢) Moritz-Klinik, Bad Klosterlausnitz; (d) Wicker
Klinik, Bad Wildungen; (e) the Neurological (Rehabilitation)
Centre of the Segeberger Kliniken, Bad Segeberg; and (f) the
Klinikum fiir Rehabilitation, Bad Oeynhausen.

Criteria for selection were (a) age <80 years; (b) first uni-
lateral anterior circulation ischemic stroke between 3 weeks
and 6 months prior to study entry; (c¢) incomplete, mild, or
severe arm paresis, that is, Motricity Index?' Arm Score <100
and >25; (d) no more than mild speech comprehension deficit,
that is, Hemispheric Stroke Scale,?> comprehension score “2”
or “0” (correctly following 2 out of 3 commands); (e) no cog-
nitive or emotional impairments that would make an adequate
study participation impossible; and (f) no peripheral nerve
damage or orthopedic arm problem affecting arm motion and
necessitating treatment.

If the Motricity Index items shoulder abduction, elbow
flexion, and precision grip had scores >19 (ie, proximal limb
movements possible against gravity, able to grasp and lift a
2.5-cm cube) and if selective finger motions and precision grip
were preserved, patients were classified as “mild paresis,”
otherwise they were classified as “severe paresis.”

Type of stroke was classified according to the Bamford
criteria, that is, lacunar, partial, or total anterior circulation
infarct.” The NIH Stroke Scale was used for the quantification
of impairment after stroke in a more general sense.”* Patients
were further characterized with the Ashworth Scale score for
wrist and elbow flexors, a widely used measure of resistance
to passive movement (and spasticity).?

All subjects gave informed consent to participate in the
study that had received approval from the local ethics commit-
tee of each study center.

Interventions

All patients were recruited during their inpatient rehabilita-
tion treatment. Patients were randomly allocated to 1 of 3
treatment groups:

1. Inflatable splint arm therapy
2. Best conventional motor therapy



3. IOT either as Arm Ability training (mild paresis) or Arm
BASIS training (severe paresis)

AETT consisted of one 45-minute treatment session per
weekday (5 times per week) for all study participants. The sub-
group “mild paresis” received additional training for 3 weeks
and the subgroup “severe paresis” for 4 weeks. This difference
was based on the fact that more severely affected patients take
longer to recover.

Inflatable splint arm therapy. A standardized set of 5 differ-
ent hand/arm pressure splints of various sizes was used. Hand
and/or arm of the paretic arm were positioned in an antispastic
position. A manual described the usage of the inflatable splints
and suggested a sequence of applications that varied from day
to day to enhance patient compliance.

Conventional treatment. During conventional treatment
experienced occupational therapists and/or physiotherapists
provided individualized arm rehabilitation therapy on a one-to-
one basis. Based on their past therapeutic experience and indi-
vidual patient characteristics they were free to select whatever
they regarded the best possible physical therapy regimen. The
term best refers to the fact that therapeutic choices were indi-
vidually taken in every patient’s best interest; it does not imply
that evidenced-based guidelines had been used. Study thera-
pists were not restricted in terms of the type of therapeutic
approach they choose; devices such as arm therapy robots or
functional electrical stimulation could, however, not be used.

Impairment-oriented training. The Arm BASIS training!>!”
addresses the lack of selective movements in severe arm pare-
sis. For each single degree of freedom of the arm and hand,
selective movements (dynamic control with a high degree of
reciprocal inhibition and as little co-contraction as possible)
are systematically restored by a repetitive training of isolated
motions across the full range of motion in that segment.
During the first phase the therapist takes over the weight of the
arm (no postural control should be carried out by the patient)
and assists the movement as far as the patient cannot move on
her or his own. Once the full active range of motion is
achieved, the combination of dynamic and postural control is
relearnt for this isolated motion; only then will prespecified
multijoint movements and coordination be trained.

The Arm Ability training''¢ trains different abilities such
as speed, aiming, dexterity, tracking, and steadiness. The
selection of training tasks covers these different sensorimotor
control affordances and is thereby comprehensive in terms of
their relevance for motor performance in many different cir-
cumstances as encountered during daily life. In addition,
variation of task difficulty is implemented in each type of
training task to enhance motor learning. Work load is indi-
vidually standardized in line with the baseline motor capaci-
ties of each patient. During the training, patients are
continuously encouraged to try to fulfill their workload in
even shorter time but without compromise for the individual
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tasks’ accuracy demands. This progress (knowledge of result)
is intermittently shown to the patient for each type of task dur-
ing training sessions using diagrams on a PC screen (Arm
Ability software).

Because the IOT was not established in the participating
rehabilitation centers, study personnel had to be trained in the
lead study center before patient recruitment commenced.

Objectives

The study addressed the questions whether (a) AETT pro-
vided as either passive stimulation (splint therapy) or active
arm motor could enhance motor recovery therapy (contrast
“motor training intensity”), and more important, nested within
this contrast (b) whether either an individualized best conven-
tional therapeutic approach or a standardized and highly struc-
tured IOT was more able to promote recovery (contrast
“experimental factor”) in a stroke population with arm paresis
that could range from mild to severe.

Outcomes

As primary outcome measure for patients with severe arm
paresis, the arm motor section of the Fugl-Meyer test (FM)
had been selected.” This test has been developed for hemiple-
gic patients. It might be viewed as a test of a hemiplegic
patient’s ability to move his or her arm, including proximal
arm, hand, and fingers, selectively. Using standardized guide-
lines for test performance and scoring, its arm motor, sensa-
tion, and passive joint motion/pain sections can reliably be
applied in multicenter settings.*"*

As primary outcome measure for patients with mild arm
paresis, the time scores of the TEMPA? were used. The time
needed to complete activities of daily life—like tasks is sepa-
rately assessed for unilateral tasks (performed with the affected
and nonaffected arms) and all tasks (unilateral and bilateral
tasks) and reflects any individual’s skilled (sensori)motor
capacities. For the purpose of the study a weighted summary
score had been used (TEMPA outcome score: sum of double
weighted unilateral scores for the affected arm and summary
score divided by 3: [2 X TEMPA . ... T TEMPA 1/3).

The FM subtest passive joint motion/pain scores and
Ashworth scores (measure of spasticity) were also documented
(as secondary outcome measure and adverse effect measures).

Assessments were performed 3 times, once before random-
ization (t1), once after completion of the study therapy period
(t2), and finally 4 weeks later (t3). All assessments were docu-
mented on videos. For the documentation of the FM test,
frontal and side views of the patient were simultaneously cap-
tured on the video, facilitating video-based scoring.?®

Because the contrasts of interest covered a broad range of
severity from mild to severe arm paresis, individual standard-
ized outcome and outcome difference scores were calculated.
Thereby, the efficacy and effectiveness analyses could be based
on assessment-independent (comparable) scores. For this pur-
pose, individual standardized scores ([x — mean]/SD) were
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based on 148 pretest observations for FM motor scores and
TEMPA outcome scores (66 patients with severe paresis and 82
with mild paresis). Standardized difference scores were: t2 — t1
or t3 — tl. Standardized TEMPA outcome difference scores
were multiplied by —1; thus, higher scores indicate improved
performance (as with FM-motor standardized differences
scores).

Other motor therapy (apart from study therapy) that had
individually been prescribed was additionally monitored as
summary time of individual or group therapy in either occupa-
tional or physiotherapy, both between pretest and posttest and
between posttest and follow-up. This type of therapy included
training of arm activities, activities of daily living, and/or
lower extremity rehabilitation including mobility.

Sample Size

In 2 previous randomized controlled studies (with 3 ran-
domized groups) that assessed Arm Ability training'® and Arm
BASIS training,'** an overall study population of 60 patients
was sufficient to document each treatment’s efficacy. Thus, a
comparable study population, that is, 120 patients (60 patients
with severe paresis and 60 patients with mild paresis), was
intended to be recruited to ensure sufficient statistical power to
document each treatment’s efficacy in the current trial. To
secure the efficacy analysis, it was predetermined to substitute
any patient who did not complete the study protocol. If possi-
ble within the time frame of the study, the recruitment of study
patients was planned to continue beyond 120 patients to
facilitate the analyses of subgroup effects.

Randomization

Randomization was blocked within strata for “severe pare-
sis” and “mild paresis.” A random allocation sequence list was
generated using a computerized random-number generator and
stored outside the study centers. Assignments were enclosed in
sequentially numbered, opaque, sealed envelopes and stored at
the central study center in Berlin. Personnel who assessed
eligibility, obtained informed consent, and enrolled a patient in
the trial had no knowledge about assignment. After recruit-
ment, the appropriate numbered, opaque, sealed envelope was
opened and the randomization information given to the recruit-
ment and training personnel of the enrolling study center (but
not to the primary central rater). The code was revealed to the
researchers once recruitment, data collection, and analyses
were complete.

Blinding

The primary central rater for outcome measures was blinded
to treatment assignment for the duration of the study. Moreover,
the rater scored the assessment videos without knowledge of
time of testing (pretest, posttest, or follow-up). This was
achieved by random number codes for each assessment.

Statistical Methods

Characteristics of the study group were summarized with
descriptive statistics. Differences in baseline characteristics
and concurrent exercise therapy between the 3 randomized
groups were analyzed with ¥ test or 1-way analysis of vari-
ance (ANOVA) as appropriate.

Efficacy refers to whether the intervention can be success-
ful when it is properly implemented under controlled condi-
tions (per-protocol data). The primary analysis was an efficacy
analysis and involved all patients who were randomly assigned
and completed the study protocol.

General linear models including multiple regressions within
a repeated-measures ANOVA design were used to assess the
effect “motor training intensity” (receiving or not receiving
augmented active exercise therapy time) and type of training
(“experimental factor,” ie, CONV vs IOT) on motor recovery
(standardized outcome scores for the FM test or TEMPA):
repeated measures were pretest and posttest (or follow-up)
motor scores (dependent variables, factor “time”). Independent
variables were the factors “motor training intensity” (splint vs
active motor training) and “type of training/experimental fac-
tor” (CONV or I0T) nested within the factor “motor training
intensity.” Between-group contrasts were analyzed as interac-
tions between the factors “time” and “motor training intensity”
as well as “time” and “type of training.” Both severity of
motor impairment at baseline (subgroups mild or severe pare-
sis) and time since onset of stroke were used as covariates
because they are known to modify recovery.™'*!>'® F values
presented for these models are partial F' values (based on type
IIT sums of squares).

The analyses of secondary outcome measures included dif-
ferences regarding concurrent motor therapy, any treatment
effects and side effects on spasticity (Ashworth scale), or pas-
sive range of motion and joint pain (FM). These effects were
analyzed with the general linear models as described above.

Effectiveness refers to whether the intervention typically is
successful in actual clinical practice. An intention-to-treat
analysis more closely resembles treatment effects as might be
achieved in clinical practice and was therefore planned in
addition. An intention-to-treat analysis (with the general linear
model as described above) was planned for the primary out-
come measure and effects of “motor training intensity” and the
“experimental factor” (conventional therapy vs IOT). It was
predefined to be based on data of all randomized patients and
if necessary on the “last observation carried forward” approach
for dealing with missing values in clinical trials.*

For all tested general linear models distribution assump-
tions had been checked by inspection of standardized residuals
and estimation of Cook’s distances, a commonly used estimate
of the influence of data points when doing least squares regres-
sion.’! Data points with large residuals (outliers) and/or high
leverage may distort the outcome and accuracy of a regression.
Points with a Cook’s distance of 1 would have suggested closer
examination, but had not been observed in the analyses.
























