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Evaluation of a task-oriented client-centered upper extremity
skilled performance training module in persons with tetraplegia
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Study design: Clinical intervention study.

Objective: Arm hand skilled performance (AHSP) has a major role in the rehabilitation of persons with

cervical spinal cord injury (C-SCI). A task-oriented client-centered upper extremity skilled performance-
training (TOCUEST) module was developed. The present study aims to evaluate effects of TOCUEST on
specific and general AHSP in C-SCI, during and after rehabilitation.

Setting: Adelante Rehabilitation Centre (The Netherlands).

Methods: C-SCI persons, either during or after rehabilitation, completed the ToCUEST training; a
control group of patients during rehabilitation received standard rehabilitation. The training module
was focused on patient’s individual needs, combining principles of motor learning and training
physiology. Three self-selected goals were trained 3 days per week, in three sessions of 30 min per day
for 8 weeks. Measures were taken at 3 months after the start of the active rehabilitation (TO), before
training (T1), after training (T2), at follow-up (3 months post-training; T3) and at discharge.

Results: For both ToCUEST groups during (n=11) and after (n=12) rehabilitation, an improvement
(P<0.001) on specific AHSP (using the Goal Attainment Scale and the Canadian Occupational
Performance Measure (satisfaction and performance)) was found between T1-T2 and T1-T3. Also an
improvement (P<0.02) in general AHSP (using the Van Lieshout Test, the QIF and the motor FIM) was
found in the total TOCUEST group between T1-T2 and T1-T3. No significant difference in improvement

of general AHSP was found between the ToCUEST rehab and control group.

Conclusion: The ToCUEST module leads to improvement in AHSP, not only persons with C-SCI during
rehabilitation, but also after finishing rehabilitation. These effects remain at follow-up.
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Introduction

In persons with a cervical spinal cord injury (C-SCI),
improving arm and hand performance has a major role
in rehabilitation and may lead to large improvement in
self-management and quality of life.'! Although there are
limited number of studies, a review on motor training
programs for arm and hand functioning demonstrated
the benefits of training programs and the importance of
the specificity of the training. A client-centered treatment
might offer a solution to the wide range of upper extremity
activities and the importance of the specificity of the
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training.? On the basis of (a) aforementioned findings, (b)
the lack of theoretical framework on client-centered care and
the need to provide guidelines how to apply client-centered
care in daily practice and (c) the fact that tetraplegic patients
encounter different needs throughout their lives, which may
be dealt with in separate therapy modules after patients have
been discharged, Spooren et al.> developed a task-oriented
client-centered upper extremity skilled performance training
(ToCUEST) module for persons with tetraplegia. The ToCU-
EST module, described by Spooren et al.> combines three
elements, which have been advocated in rehabilitation, that
is, individual goal setting, client-centeredness and task-
oriented training, into a common framework.>> To date,
their combined use and efficacy have, to the authors’
knowledge, not yet been reported in the SCI population.
It is hypothesized that the ToCUEST module, focusing on
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specific needs, leads to an improvement on specific skills.
Furthermore, it is assumed that TOCUEST, relative to therapy
as usual, does not necessarily lead to more improvement
in general arm hand skilled performance (AHSP). As to the
latter, it is expected that similar results will be obtained.

The aim of the present study is to evaluate the effects of
ToCUEST on AHSP in tetraplegic patients. First, the study
aims to assess whether TOCUEST leads to an improvement of
specific skills not only in persons during their rehabilitation,
but also in persons who have finished their rehabilitation.
Second, it aims to assess whether TOCUEST leads to general
improvement in AHSP during and after rehabilitation. Third,
the present study aims to compare improvement in general
AHSP in both C-SCI persons receiving TOCUEST and in C-SCI
persons receiving standard training.

Methods

Subjects

Patients with C-SCI (either a motor complete or motor
incomplete lesion), who were either actively receiving
rehabilitation (active-rehab group) or who had finished their
active rehabilitation (post-rehab group), were invited to
participate in this clinical intervention study. They were
recruited from the SCI Unit of Adelante Rehabilitation
Centre. Inclusion criteria were: diagnosed with C-SCI
(including T1 lesion levels), age between 18 and 70 years
and problems with AHSP (identified using the Canadian
Occupational Performance Measure (COPM)). Exclusion
criteria were: co-morbidity concerning neurological, ortho-
pedic or theumatologic diseases that might strongly interfere
with ADL functioning and AHSP, and inability to take part in
upper extremity measurements. A control group of patients
during their rehabilitation were monitored prospectively
during a prospective cohort study, ‘Physical Strain, Work
Capacity and Mechanisms of Restoration of Mobility in the
Rehabilitation of SCI’ (www.SCIONN.nl). Data of the latter
persons were captured in a large database. The persons
identified from this database were selected, matching every
participating person by lesion completeness and motor
lesion level according to the Neurological Classification of
SCI, Upper Extremity Motor Score,® age and gender,
respectively (pair-matching). All subjects gave their informed
consent. All applicable institutional and governmental
regulations concerning the ethical use of human volunteers
were followed during the course of this research.

Intervention

Patients receiving TOCUEST chose two goals out of the five
personally most problematic activities identified using the
COPM.” Additionally, they chose one activity from the Van
Lieshout test (VLT) items®® to train on. These three self-
selected goals were trained 3 days per week, in three sessions
of 30 min per day for 8 weeks. The training program started
with a task analysis and was based on principles of training
physiology and motor learning. A detailed description of the
ToCUEST module is given in an earlier paper by the authors.
All participants were trained by a set team of specialized
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occupational therapists and physiotherapists. Persons in the
active-rehab group received the specific training instead of a
standard self-exercise program or ‘hand-function-group’
program. This way, the total rehabilitation load for the
participants was not changed. For the post-rehab group, any
maintenance physiotherapy focusing on the upper extremity
was replaced by the ToCUEST program. Patients in the
control group received therapy as usual, consisting of a
comprehensive package of care according to lesion level and
lesion completeness.

Measurements
Tests to measure both specific and generic AHSP (basic and
complex activities) were used.

Specific activities. GAS: Goal Attainment Scale is used to
objectively measure the effect of therapy on individual
treatment goals and has shown to be feasible, reliable, valid
and responsive to change.'%!!

COPM: is used to measure patient’s perception of perfor-
mance and satisfaction of the individual tasks on a scale
ranging from 0-10. The reliability and validity of the COPM
have been demonstrated in several populations and treat-
ment settings.’

Generic AHSP. Van Lieshout test assesses the actual perfor-
mance of arm hand skills at the level of basic activities. In the
present study, the short form is used. In analysis A, the sum
score of both hands was taken, resulting in a maximal
attainable score of 100 and in analysis B, the score of the best
hand was used with a maximal attainable score of 50. The
criterion validity, reliability, the internal consistency and
the responsiveness of the VLT Short Form were found to
be good.®?

FIMmot: The motor score of the Functional Independence
Measure was used, consisting of 13 items with an attainable
maximal score of 91.'2

QIF: In the current study, the short-form Quadriplegia
Index of Function with a maximal total score of 24 was
used.'?

Both FIM and QIF have adequate psychometric proper-
ties. 89/12,13

Measurement moments were defined relative to specific
moments of the rehabilitation. Measures of both specific and
generic activities were taken at T1 (the start of specific
training program (for the rehab group, this was at 5 months
after the start of the active rehabilitation, in which the latter
was defined as the moment that patients were able to sit for
three consecutive hours)), at T2 (the end of the specific
training program) and at T3 (3 months after finishing the
training). To compare the data with the control group,
general AHSP outcome measures were also taken at TO (at
3 months after the start of the active rehabilitation) and at
discharge.

All measurements were done by a trained team of
therapists. Data were collected immediately after the mea-
surements to ensure blinding of previous scores. The
participants’ performance on the self-selected skills was also
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recorded on videotapes to allow for independent observers to
blindly score the GAS.

Data analysis
A power analysis indicated that 10 persons per group were
needed (given a mean improvement on the VLT of four
points and a common s.d. of 13 (as observed between TO and
discharge in the ‘Koepel’-project data), an alpha of 0.01, a
power of 90% and a loss to follow-up of 10%). Statistical
analyses included Friedman two-way analysis of variance by
rank test and Wilcoxon signed-rank test for multiple
comparison within groups. Between-group comparison in-
cluded the Mann-Whitney U-tests. Alpha was set at 0.05.
Multiple comparisons included the Bonferroni correction.
A sensitivity analysis was performed in order to assess the
contribution a specific item that was trained (for example, a
VLT-item chosen), might have on the generic outcome. The
latter was done using a univariate analysis,'* that is, varying
the trained item by 10% (+ 10% and —10%) at T2 and T3.
In all analyses, the intention-to-treat principle was used.

Results

Subjects
Figure 1 depicts a flowchart of the different stages of the trial.
Baseline characteristics of the patient groups for both
analyses are shown in Table 1.
On the basis of the patients’ therapy booklets and on
therapy databases, therapy compliance was calculated to be
90%. No adverse effects of the training were reported.

Excluded (n=33):
no response (n=8); not interested (n=8); work
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Outcome measures

Only 3.6% of the primary outcome measurements were
missing. Tables 2 and 3 present the mean, s.d. and median
for the different groups and measurement moments.

Analysis A: ToOCUEST

Specific activities. As shown in Table 2, after training, all
groups demonstrated an improvement on the COPM
performance, COPM satisfaction and GAS. Improvement
generally remained at follow-up. This was corroborated
statistically for all specific outcome measures over the three
measurement moments (P<0.001) and over the two time
intervals of interest (T1-T2 and T1-T3; P<0.015) in all
groups.

Generic AHSP. An improvement on the VLT, the FIM and
the QIF was observed between T1 and T2, and between
Tland T3. This improvement was statistically significant for
all generic outcome measures across the three measurement
moments (P<0.04) and in both intervals (T1-T2 and T1-T3;
P<0.02) in the total group, but not in all the different
subgroups, as can be observed in Table 2.

The univariate sensitivity analysis showed no difference in
results, that is, varying the trained item by *10% had no
effect on the significance level.

Analysis B: TOCUEST versus control group

Table 3 shows the improvement on the FIM, the QIF and the
VLT between TO (3 months after the start of the active
rehabilitation) and discharge in both groups. In the control

patients selected for eligilibilty (n=69) |

commitments (n=7); travel distance (n=3); too frail |&

(n=2); no Arm Hand Skilled Performance problems
mentioned (n=3); no needs (n=2)

Excluded (n=12)

* no real Arm Hand Skilled Performance problems
identified using the COPM (n=10)

36 invited for COPM |

 Travel distance too long (n=1)
* Participated in other research program (n=1)

y

24 included to start intervention |

Control group:11 patients in
rehabilitation receiving standard care

Active rehab group:12 patients allocated
to intervention:

Post-rehab group:12 patients allocated to
intervention:

* 10 received allocated intervention

* 2 did not receive allocated intervention
(Decubitus problems (n=1); motivation
problems (n=1))

* 11 received allocated intervention
* 1 drop out (motivation problems)

| * 1 drop out (no TO measurement) I

Analysis B: TOCUEST versus Control
TO/Tdischarge (n=22)

Analysis A: TOCUEST
T1/T2/T3 (n=23)

Figure 1

follow-up; TO, 3 months after start of active rehabilitation.

Flowchart of patient inclusion. COPM, Canadian Occupational Performance Measure; T1, before training; T2, after training; T3, at
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Table 1 Patient characteristics and baseline measurement
Analysis® A B
ToCUEST ToCUEST Standard training
Group Total Post-rehab Active-rehab Active-rehab Control
n n n n n
Number 23 1 12 11 11
Gender (f; m) 8; 15 3,8 5,7 56 3,8
Motor completeness (AB; CD) 6,17 1; 10 57 5,6 56
Motor level (worst side at baseline) 3 (C7); 10 (C6); 9 (C5);1 (CO) 2 (C7); 5(C6); 4 (C5) 1 (C7); 5(C6); 5(C5); 1 (CO)® 4 (C6); 5 (C5); 1 (C4); 1 (CO)° 4 (Ce); 7 (C5)
Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.)
Age (years) 47 (17) 46 (15) 49 (19) 50 (20) 38 (11)
Time since injury (months) 32 (37) 59 (40) 8 (2.8) 5.5() 6.5 (2)
Length of training (weeks) 8.4 (1) 8.2 (1) 8.4 (1)
Time T2-T3 (weeks) 14 (2) 14 (2) 14.5 (2.5)
Length of active rehabilitation (weeks) 43 (13) 56 (28)
Time TO—discharge (weeks) 28 (13) 41 (24)
UEMS 33 (10) 38 (9) 28 (10) 26 (8) 25 (8)
COPM Performance 3.2(1.5) 34(01.4) 3(1.6)
COPM Satisfaction 3.1(1.7) 3.1(1.9) 3(1.5)
GAS -2(0) -2 (0) -2 (0)
VLT 66.5 (33) 84 (27) 46 (22) 25 (16) 28 (15)
FIMmot 58 (24) 71.(18) 52 (26) 43 (24) 37.(19)
QIF 15 (9) 19 (6) 11(9) 9 (8) 9 (8)

Abbreviations: A, analysis A; B, analysis B; AB, C-SCI with AIS (Asia Impairment Scale) A or B (motor complete); CD, C-SCI with AIS C or D (motor incomplete);
COPM, Canadian Occupational Performance Measure; f, female; FIMmot, Functional Independence Measure motor; GAS Goal Attainment Scale; m, male;
QIF Quadriplegia Index of Function; T2, after training; T3, at follow-up; TO, 3 months after start of active rehabilitation; UEMS, Upper Extremity Motor Score);

VLT, Van Lieshout Test.
#See Figure 1.
bCentral cord lesion.

group, the improvement was statistically significant for the
QIF and the FIMmot (P<0.03). The training group addition-
ally revealed a statistically significant improvement on the
VLT (P<0.04). The improvement in the training group seems
somewhat more, that is, the mean delta values of the VLT
(the average difference of the VLT between TO and discharge)
were 2.5 in the control group and 5.0 in the ToCUEST group.
Also the mean delta values of the QIF were three and four for
the control and the ToCUEST group, respectively. However,
no statistically significant difference between the average
delta values of the VLT, the QIF and the FIMmot between the
control and the ToCUEST group was found.

Discussion

The present study aimed to evaluate the effects of TOCUEST
on AHSP in tetraplegic patients. In general, it can be
concluded that: (a) ToCUEST leads to an improvement in
specific upper extremity skills not only in persons with C-SCI
during rehabilitation, but also in persons who have finished
their rehabilitation, (b) ToCUEST leads to general improve-
ment of AHSP in persons with C-SCI, (3) training results
(both specific and generic) remain at follow-up. However, no
significant difference in the amount of improvement of
general AHSP between the ToCUEST group and the control
group was found.

It was remarkable that a significant improvement on
specific activities was seen not only in persons during their
rehabilitation, but also in persons who finished their active
rehabilitation.

Spinal Cord

To date, most studies were unable to demonstrate
considerable functional changes after discharge.'*'® Yarkony
et al.'® reported that functional improvement occurs most
rapidly during inpatient rehabilitation and attributed this
effect to the combination of neurological recovery, intensity
of the training and a multidisciplinary approach In the
present study, the effect of neurological recovery in the post-
rehab group was thought to be limited. By demonstrating
important changes after discharge, the present study sug-
gests that patients who have finished their rehabilitation
may have residual potential to learn other activities. Future
research should assess the neurophysiologic processes be-
hind the training strategies. Furthermore, it was observed
that patients in the post-rehab group had changing needs.
They reported different needs after rehabilitation than before
discharge. The present study demonstrates that ToCUEST
may accommodate the demand to train on the changing
needs throughout patients’ lives.>!” Additionally, TOCUEST
is offered as a training module, thus facilitating re-admission
for a limited amount of time to train on specific needs.

The fact that results remain at follow-up may be attributed
to different factors. First, patients who are trained on their
individual needs are more motivated.'®'? This leads to closer
adherence to the training, to more effort of patients to use
the skills in daily life and to maintain these activities after
finishing the training, inducing an improved rehabilitation
outcome.'®?° Second, in ToCUEST, specific goals were
formulated, which were analyzed and trained, combining
principles of motor learning with principles of training
physiology.> The importance of a task-oriented intensive
training was emphasized in ToCUEST, as well as the shift
from a multi- to an inter- or trans-disciplinary approach.
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Table 2 Outcome measurements of specific and general AHSP in ToCUEST analysis (analysis A)
Total (n=23) Active-rehab (n=12) Post-rehab (n=11)
Mean s.d. Med Mean s.d. Med Mean s.d. Med
GAS
T -2.0 0 -2.0 -2.0 0.0 -2.0 -2.0 0.0 -2.0
T2 0.7 0.9 0.7% 0.3 0.8 0.2° 1.2 0.6 1.32
T3 0.7 0.8 0.7° 0.5 0.9 0.5° 1.0 0.7 1.0°
C C C
COPM Perf
T1 3.2 1.5 3.0 3.0 1.6 2.7 3.4 1.4 3.0
T2 7.3 1.5 7.7 7.1 2.0 7.7 7.5 0.75 7.7
T3 6.8 1.7 7.3° 6.8 2.2 7.4° 7.2 1.0 7.3°
C C C
COPM Satis
T 3.1 1.7 3.0 3.0 1.5 2.8 3.1 1.9 3.0
T2 7.2 1.7 7.7% 6.9 2.1 7.3% 7.5 1.0 7.7
T3 7.0 2 7.3° 6.7 2.4 7.3° 7.4 1.6 7.3°
VLT
Ti 66.5 33 78 50.5 30 47.5 84 27 95
T2 70.0 34 83? 55.5 33 48.5° 86 28 97 NS
T3 71.0 34 87° 57.0 33 49.5° 86 28 98 NS
C C C
FIM mot
T 58.0 24 68 46.0 22 35.5 71.0 18 77
T2 62.5 25 75° 52.0 26 50 NS 74.0 18 80°
T3 62.0 25 75° 51.0 26 41.5NS 74.5 18 81 NS
< NS NS
QIF
T 15.0 9 17 11.0 9.0 9 19.0 6.0 20
T2 16.0 9 20° 12.5 9.0 11.5 NS 20.5 6.0 24 NS
T3 16.5 9 20° 13.0 9.0 11 NS 20.5 5.0 23
C NS C

Abbreviations: AHSP, arm hand skilled performance; COPM Perf, Canadian Occupational Performance Measure Performance score; COPM Satis, COPM
Satisfaction score; FIMmot, Functional Independence Measure, motor; GAS, Goal Attainment Scale; Med, median; NS, not statistically significant; QIF,
Quadriplegia Index of Function; T1, before training; T2, after training; T3, at follow-up; ToCUEST, task-oriented client-centered upper extremity skilled

performance training; VLT, Van Lieshout Test.
“Statistically significant, T1-T2, Wilcoxon, P<0.025.
bStatistically significant, T1-T3, Wilcoxon, P<0.025.
“Statistically significant, Friedman, P<0.05.

The latter resulted in a common rehab approach, merging
the expertise of both physical and occupational therapists.
Third, although the training duration of 8 weeks was in some
cases considered (too) long, it may be crucial to maintain
the level of the positive results at follow-up which is in
accordance with general training principles and principles of
motor learning (over-learning principle). Future research
focusing on varying the duration of the training may provide
more insight in this matter.

An improvement in general AHSP was found in all C-SCI
patients and based on the results of the sensitivity analysis, it
was ruled out that the improvement was attributed solely to
the improvement of the trained items. For example, if eating
was trained, the generalized improvement was not attribu-
table to the increase on the feeding item of the FIM alone. In
short, a generalized improvement of AHSP on tasks that were
not trained, may have taken place due to the ToCUEST
training. However, more in depth research is needed to
further corroborate our data on this issue.

No statistically significant difference in improvement of
general AHSP between the ToCUEST and the control group
was found. However, from clinical point of view, it would
suffice that ToCUEST results in at least an equal level of
general AHSP relative to the therapy as usual. On the basis of
the findings in the study, it is expected that the ToCUEST
training may lead to a reduction of inpatient stay (time
between TO and discharge was 28 weeks in the ToCUEST
group and 41 weeks in the control group). A shortening of
the inpatient stay may lead to improved patient’s satisfaction
and increased quality of life. A cost-effectiveness analysis is
planned to shed light on the latter issues.

The present study has some methodological limitations.

Despite the fact that the recruitment period was 2.5 years,
the number of participants was small. The limiting factors
regarding participation are shown in Figure 1. Many patients
with a lesion level at C8 had no major problems regarding
AHSP, indicating that ToOCUEST is mostly suitable in persons
with lesion level of C7 or higher. Owing to the limited

Spinal Cord
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Table 3 Outcome measurements of general AHSP in ToCUEST versus
control analysis (analysis B)

ToCUEST (n=11) Control (n=11)

Mean s.d. Med Mean s.d. Med
VLT
TO 25 16 22 28 15 32
Discharge 30 18 26 30.5 16 36
a NS
FIMmot
TO 43 24 32 37 18 33
Discharge 51 27 47 45 22 39
a a
QIF
TO 8.5 8 6 9 7 9
Discharge 12,5 9 9 12 7 12
a a

Abbreviations: AHSP, arm hand skilled performance; FIMmot, Functional
Independence Measure motor; Med, median; NS, not statistically significant;
QIF, Quadriplegia Index of Function; TO, 3 months after start of active
rehabilitation; TOCUEST, task-oriented client-centered upper extremity skilled
performance training; VLT, Van Lieshout Test.

“Statistically significant, TO—discharge, Wilcoxon, P<0.05.

number of participants, performing a randomized controlled
trial was not realistic. Furthermore, no specific outcome
measurements (like the COPM and the GAS) were taken in
the control group. The Medical Ethics Committee decided
that it was not ethical to first ask patients’ training needs and
then tell them not to train on these needs. As to blinding,
assessors were not blinded for intervention, except for the
GAS-score. However, they were blinded regarding previous
results. Finally, to measure improvement on the VLT,
measuring both the hands gives more information than
measuring the best hand only, because in most cases the
worst affected hand is trained. However, for analysis B, only
the best hand was measured, often resulting in a ceiling
effect on the VLT outcome of best hand.

The present study has demonstrated, despite some limita-
tions, that the ToCUEST training module, which combines
three important elements, that is, individual goal setting,
client-centeredness and task-oriented training into a com-
mon framework, is feasible and beneficial in impro-
ving specific AHSP in C-SCI. Future research should aim for
the ToCUEST module to be evaluated in a randomized
controlled trial, involving more patients and to assess for
cost-effectiveness.
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