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ABSTRACT
Purpose: The purpose of this study was to investigate the potential functional improvement
of the spastic-paretic upper extremity of individuals with chronic hemiparesis when using a
dynamic wrist-hand orthosis with and without
concurrent botulinum toxin type-A (BoNTA) injections into the spastic upper extremity muscles. Methods: A three-year retrospective chart
review was conducted on all stroke patients referred to out-patient occupational therapy for an
upper extremity rehabilitation program, which
included use of a dynamic wrist-hand orthosis
(DWHO). Three charts documented concurrent
treatment with a DWHO + BoNTA. Eleven charts
documented DWHO use without concurrent
BoNTA treatment. Pre- and post-intervention
outcome measure scores were compared between the two groups. Pre- and post-intervention scores were also analyzed irrespective of
treatment group. Results: Although improvement approached significance on three of the
documented outcome measures when comparing the DWHO + BoNTA and DWHO groups, no
statistically significant changes were found. A
significant difference (p < 0.05) however, was
found between the pre- and post-intervention
scores irrespective of treatment group in 13 of
14 of the outcome measures documented. Conclusions: Further research with a larger sample
size is suggested to assess the combined effect
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of using a dynamic wrist-hand orthosis and
BoNTA injections into the spastic upper extremity muscles of individuals with chronic hemiparesis post stroke.
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1. INTRODUCTION
Cerebrovascular disorders represent the third leading
cause of mortality and the second major cause of long
term disability in North America. Upper extremity complications are common following stroke and may be seriously debilitating. For those upper extremities with
signs of recovery, consensus opinion is that attempts to
restore function through therapy should be made [1].
Task specific training has been shown to facilitate the
recovery of upper extremity function [2-6] and to influence long term cortical reorganization [7,8]. Rehabilitation efforts that maximize the extent of cortical reorganization appear to demonstrate the greatest chance of
achieving success in functional outcomes [9]. The Canadian Best Practice Recommendations for Stroke Care
(2010) for Management of the Arm and Hand (Section
5.4.1) [10] state that therapy should consist of: “repetitive
and intense use of novel tasks that challenge the patient
to acquire necessary motor skills to use the involved limb
during functional tasks and activities (Evidence Levels:
Early—Level A, Late—Level A).” Constraint induced
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movement therapy (CIMT) is one treatment approach
that has received much attention in recent years and involves performing intense repetitive task specific training with the paretic side [11-16], however, participants
must demonstrate at least 10 degrees of active finger and
wrist extension to qualify. Up to 40% of stroke survivors
however have more severe motor impairment of the
more-affected arm in the chronic phase [13-17]. This
motor impairment results in substantial reductions in
independence and quality of life [18]. There is the potential for further functional improvement in some individuals with moderate to severe post stroke hemiparesis; even
in the long-term stage of recovery [19,20]. Limited
treatment strategies are available, however, that incorporate repetitive task specific training for patients with
some active shoulder and elbow movement but little active hand movement.
Dynamic wrist-hand orthoses (DWHO) are specifically designed to position a non-functional hand at optimal biomechanical advantage so that grasp and release
activities are possible [21]. Following volitional recruitment of the thumb and finger flexors, the patient subsequently relaxes the flexors to allow the extension spring
system to assist with reopening the hand. The DWHO
allows patients with moderate to severe upper extremity
hemiparesis to participate in task specific training activities that they would otherwise be unable to do [22].
In a pilot clinical trial by Jeon et al., the experimental
group used a spring assisted DWHO one hour per day,
five times a week for four weeks. The control group
wore the same orthosis for one hour per day without participating in upper extremity training. The experimental
group showed significant improvement on several outcome measures of upper extremity function compared to
the control group [23]. Barry et al. found that a higher
number of grasp-release repetitions led to greater functional change in patients with chronic hemiparesis [19].
Focal spasticity is a common complication post stroke.
Broeks et al. noted that 83% of patients at four years post
stroke had some degree of abnormal tone, with 41% exhibiting moderately and 9% exhibiting severely increased tone [24]. For some patients, moderate to severe
focal spasticity in the elbow, wrist and/or finger flexors
may make it difficult to use and receive optimal benefit
from a DWHO.
One treatment commonly used for spasticity management of the upper extremity is botulinum toxin type-A
(BoNTA) injections into the spastic muscles. Extensive
clinical experience with BoNTA has shown it to be well
tolerated and associated with few adverse events across a
variety of indications [25]. A meta-analysis of 37 studies
has confirmed the excellent safety profile of BOTOX (R)
(grade A evidence) which continues with long-term use
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[26]. An evidence based review of the use of botulinum
neurotoxin for the treatment of spasticity concluded that
botulinum toxin is an effective treatment of adult spasticity in the upper limbs; that it reduces muscle tone and
improves passive function [27].
The link between botulinum toxin and functional gain
remains unclear. In a summary of results from several
randomized control trials and systematic reviews examining the use of botulinum toxin as a treatment for post
stroke spasticity, Teasell et al. concluded that treatment
with botulinum toxin “has yet to be established as being
effective in improving functional outcomes in the majority of treated patients” post stroke [28]. Although it has
been shown that botulinum toxin treatment successfully
reduces spasticity, the overall “impact on function is either small or has yet to be determined” [28].
To optimize upper extremity recovery post stroke, it
makes sense that repetitive task specific training be combined with botulinum toxin for patients with moderate to
severe spasticity. Botulinum toxin injections as a precursor to a defined exercise program may not impact function more than the exercise program itself [29], however,
combining the injections with intensive task practice
such as modified constraint movement therapy has
shown some encouraging results [30]. Botulinum toxin
injections may allow patients to more fully participate in
the selected therapy programs. Following injection, injected muscles can be stretched in therapy and antagonist
muscles can be strengthened [31]. Spasticity management involves a multi-disciplinary team approach that
includes an active program of occupational or physiotherapy, with one aim being to improve motor training to
increase active participation in tasks [32].
Dynamic wrist-hand orthoses have been used regularly
since 2010 by occupational therapists in a Canadian outpatient stroke program as a way of promoting increased
repetitive task specific use of the affected upper extremity. It was noted by therapists that some patients had difficulty using the orthosis due to moderate-severe spasticity in the hemiparetic upper extremity. These patients
therefore had difficulty participating in the recommended
repetitive task specific training activities. The therapists
hoped that injection with botulinum toxin into the spastic
muscles would decrease the amount of spasticity thereby
allowing easier use of the DWHO for task specific training, as well as potentially unmask active movement to
allow concurrent strengthening of the antagonist muscles
post injection.
The purpose of this retrospective study was to investigate the potential functional improvement of the spasticparetic upper extremity of individuals with chronic hemiparesis when using a dynamic wrist-hand orthosis with
and without concurrent BoNTA injections into the spastic
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upper extremity muscles.

2. METHODS
The study protocol was approved by the hospital ethics committee. A three year retrospective chart review
was conducted on all stroke patients referred to out-patient occupational therapy (OT) for an upper extremity
rehabilitation program, which included the use of a dynamic wrist-hand orthosis, i.e. SaeboFlexTM. Pre- and
post-intervention measures were recorded, as available,
using a data collection form. Active range of motion including: shoulder flexion/abduction, elbow flexion/extension, wrist flexion/extension, and finger flexion/extension were documented. Due to the varied type of
documentation describing active finger flexion and extension (including descriptive and goniometric measurement) results were converted into a 0 - 4 ordinal scale,
i.e., 0 = no active flexion/extension, 4 = full active flexion/extension (see Table 1). Documentation regarding
active thumb range of motion was recorded when available. Grip strength and lateral pinch strength scores,
Modified Ashworth Scale (MAS) scores for elbow, wrist
and finger flexors (summed), Fugl Meyer Upper Extremity (FMA-UE) scores and the Canadian Occupational
Performance Measure (COPM) scores (Performance and
Satisfaction) were also recorded as available. Patients
who received concurrent BoNTA injections were noted;
targeted muscles and dates of injection were recorded.
Time since stroke, number of OT visits, and frequency of
use at home were also recorded.
Statistical analysis of data was completed. Using the
Wilcoxon rank-sum test, the change scores (i.e., postintervention minus pre-intervention for each subject)
between the two treatment groups were compared.
Thumb active range of motion was not analyzed statistically due to its descriptive nature and inconsistent documentation in the charts reviewed. Meanwhile, the Wilcoxon signed-rank test for paired data assessed for significant differences between pre- and post-intervention
change scores irrespective of treatment group. Non-parametric tests were deemed appropriate given the small
sample sizes and, in some cases, ordinal outcomes.

3. RESULTS
Fourteen charts were reviewed (12 males, 2 females;
mean age: 56 years). Table 2 shows the demographic and
clinical characteristics of the fourteen patients who were
included. Three charts documented concurrent treatment
with DWHO + BoNTA and eleven charts documented
DWHO use without concurrent BoNTA treatment. For
those that received BoNTA injections, the targeted muscle groups included: elbow flexors, elbow extensors,
pronators, wrist flexors, finger flexors, thumb flexors and
Copyright © 2014 SciRes.

Table 1. Finger flexion/extension.
Scale

Description

4

Full active movement

3

3/4 of full active movement

2

1/2 of full active movement

1

1/4 of full active movement

0

No active movement

hand intrinsics. Mean time since stroke onset was 43.7
months for the DWHO + BoNTA group and 20.1 months
for the DWHO only group. Mean number of OT visits
was 29.3 visits for the DWHO + BoNTA group and 33.2
visits for the DWHO only group.
When comparing the DWHO + BoNTA to the DWHO
only group, improvement approached significance for
elbow extension (p = 0.0671) (Table 3). Mean summed
MAS scores improved from 6.67 to 4.33 (DWHO +
BoNTA) and from 3.73 to 2.18 (DWHO only). It was
noted that Lateral Pinch strength and Fugl Meyer Upper
Extremity scores approached significance (p = 0.0560 and
p = 0.0577 respectively) when comparing the DWHO
only group to the DWHO + BoNTA group (Table 3),
however no significant differences were found between
the two groups. Meanwhile, change scores irrespective of
treatment group were also analyzed. As the data suggests,
both groups improved significantly from pre- to postintervention assessment on 13 out of 14 of the outcome
measures documented (Table 4).

4. DISCUSSION
No significant differences were found between the
DWHO only group and the DWHO + BoNTA groups
when comparing the pre- and post-outcome measure
scores from this retrospective chart review. Because of
the small sample size and variability in size of the two
groups, comparison between the groups was difficult.
As the data suggests, however, both groups improved
significantly from pre- to post-intervention assessment
on 13 out of 14 of the outcome measures documented.
Patients who used the DWHO for repetitive task oriented
training, with and without BoNTA, demonstrated improvement on the documented outcome measures.
It was noted that lateral pinch strength and Fugl Meyer
UE scores approached significance when comparing prepost changes between the DWHO and the DWHO +
BoNTA group. We know that the DWHO only group had
lower summed MAS scores initially as well as earlier use
of the DWHO in therapy and therefore had potentially
higher functioning upper extremities to start with. It is
suspected that certain outcome measures, such as these,
may be more sensitive to change when the limb is higher
functioning. The DWHO + BoNTA group began therapy
OPEN ACCESS
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Table 2. Patient demographics.
Patient

Gender

Age (years)

Paretic
Side

Dominant
Side

Time since stroke
(months)

Number of OT visits

Frequency of
orthosis use at home*

1

M

58

R

R

31

49

2-5

2

M

76

L

R

9

17

14

3

M

21

R

R

17

41

2-4

4†

F

53

L

R

74

18

2-3

5

M

44

L

R

73

37

1-4

6

M

58

R

R

15

33

4-6

7

M

51

L

R

12

63

2-3

8

M

55

L

R

26

18

2-3

9

M

70

R

R

10

22

4-7

†

M

59

L

R

35

19

1-3

†

M

48

L

R

22

51

1-2

12

M

74

L

R

12

17

5-6

13

M

70

L

R

9

31

7

14

F

48

R

L

7

37

5-7

10
11

Abbreviations: M, male; F, female; R, right; L, left. *Times used per week. †Patients received concurrent BoNTA and SaeboFlex treatment.

Table 3. Change score comparisons (post-intervention minus pre-intervention between treatment groups).
Measure

SaeboFlex + BoNTA (n = 3)
Median/Mean ± SD

SaeboFlex only (n = 11)
Median/Mean ± SD

Wilcoxon
p-value†

Shoulder Flexion (deg)

35.00/33.33 ± 22.55

35.00/42.27 ± 27.51

0.7597

Shoulder Abduction (deg)

25.00/25.00 ± 10.00

20.00/21.36 ± 15.51

0.7579

Elbow Flexion (deg)

0/6.67 ± 11.55

5.00/6.36 ± 10.51

0.8689

Elbow Extension (deg)

−35.0/−28.33 ± 16.07

0/−6.36 ± 13.62

0.0671

Wrist Flexion (deg)

0/10.00 ± 17.32

0/6.36 ± 9.24

1.0000

Wrist Extension (deg)

15.00/16.67 ± 12.58

15.00/16.82 ± 13.09

1.0000

Finger Flexion (deg)

0±0

0/0.36 ± 0.50

0.2948

Finger Extension (deg)

1.00/1.33 ± 0.58

1.00/1.36 ± 0.67

0.9320

Grip Strength (kg)

3.00/3.27 ± 2.61

3.00/4.29 ± 3.45

0.8684

Lateral Pinch Strength (kg)

0.20/0.47 ± 0.64

1.65/1.75 ± 0.69

0.0560

Summed Modified Ashworth Scale

−2.00/−2.33 ± 0.58

−1.00/−1.55 ± 1.04

0.1589

Fugl Meyer Upper Extremity*

0.11/0.12 ± 0.03

0.20/0.22 ± 0.07

0.0577

COPM: Performance

3.60/2.87 ± 1.63

3.40/2.86 ± 1.49

0.7602

COPM: Satisfaction

4.00/3.40 ± 1.40

2.60/2.69 ± 1.49

*

0.5438
†

Abbreviation: COPM, Canadian Occupational Performance Measure. Fugl Meyer Upper Extremity scores were converted to a percentage. Wilcoxon ranksum test comparing group change scores (p < 0.05).

in more chronic stages of their spasticity, 43.7 months
versus 20.1 months. Although information on tissue
shortening and contracture were not collected, given the
length of time post stroke, it is presumed this may have
occurred to some degree. It was not unexpected, therefore, to see more improvement in some of the outcome
measures in the DWHO only group. This may emphasize
a very important clinical point in spasticity treatment. It
is more challenging to treat spasticity and achieve the
Copyright © 2014 SciRes.

desirable functional goal in more chronic cases.
It is interesting to consider why more of the patients in
this study were not referred for BoNTA injections. Certainly the data indicates that those with higher summed
MAS scores initially (mean = 6.67 for the DWHO +
BoNTA group vs. mean = 3.73 for the DWHO only
group), and therefore potentially lower functioning upper
extremities, were the ones who met with the physiatrist
and ultimately received BoNTA injections. Due to the
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Table 4. Overall change scores (post-intervention—pre-intervention irrespective of treatment group).
Measure

Median/Mean ± SD

Wilcoxon P value†

Shoulder Flexion (deg)

35.00/40.36 ± 25.98

0.0001

Shoulder Abduction (deg)

22.50/22.14 ± 14.24

0.0005

Elbow Flexion (deg)

2.50/6.43 ± 10.27

0.0156

Elbow Extension (deg)

−2.50/−11.07 ± 16.43

0.0156

Wrist Flexion (deg)

0.00/7.14 ± 10.69

0.0313

Wrist Extension (deg)

15.00/16.79 ± 12.50

0.0002

Finger Flexion (deg)

0.00/0.29 ± 0.47

0.1250

Finger Extension (deg)

1.00/1.36 ± 0.63

0.0002

Grip Strength (kg)

3.00/4.05 ± 3.21

0.0005

Lateral Pinch Strength (kg)

1.50/1.45 ± 0.86

0.0005

Summed Modified Ashworth Scale

−2.00/−1.71 ± 0.99

0.0002

Fugl Meyer Upper Extremity*

0.18/0.19 ± 0.08

0.0010

COPM: Performance

3.50/2.86 ± 1.46

0.0001

COPM: Satisfaction

2.80/2.84 ± 1.45

0.0001

*

Abbreviations: COPM, Canadian Occupational Performance Measure; kg, kilograms; deg, degrees. Fugl Meyer Upper Extremity scores were converted to a
percentage. †Wilcoxon signed-rank test for paired data (p < 0.05).

nature of this retrospective study, all discharged charts
from patients who had used SaeboFlexTM as part of their
occupational therapy outpatient program were reviewed,
regardless of the amount of active movement and/or
spasticity observed in the upper extremity. This resulted
in great variability between patients in the amount of
active movement, spasticity and functional ability of the
hemiparetic upper extremity at the pre- and post-intervention assessments. It is important to note that summed
MAS scores were noted to improve in both groups, regardless of BoNTA injection.
It was noted that the number of OT visits was similar
between the two groups, although great variability was
seen when looking at both groups together (range of 17 63 visits). Documentation indicated that OT visits were
used for other OT assessments and interventions typically required post stroke, however, the focus of the majority of the sessions appeared to be on repetitive grasprelease upper extremity retraining.
Use of the DWHO at home between OT sessions was
variable within and between the groups and was not reported in a consistent manner in the charts reviewed,
making comparison between the two groups difficult. It
was noted in both groups that the majority of the patients
did not use the DWHO the recommended twice a day
that the orthosis is intended to be used and some used it
minimally between OT treatment sessions. Only one patient was noted to use the DWHO the suggested number
of times per week. The patients who did not use their
orthosis daily at home obviously lacked the intensity of
repetition thought to be required for optimal recovery.
The amount of time the DWHO was used in a single
Copyright © 2014 SciRes.

treatment session was not recorded.
Despite the frequent use of BoNTA injections for
spasticity management and the increasing use of dynamic
wrist-hand orthoses to facilitate task specific training
post stroke, the combined use of these two treatment
modalities has not previously been studied. This is the
first study that looks at the combined use of the SaeboFlexTM orthosis and BoNTA.

5. LIMITATIONS
One limitation of this study is the relatively small
number of charts reviewed and the small size of the
DWHO + BoNTA group compared to the DWHO only
group. The DWHO + BoNTA group was more chronic
than the DWHO only group; possibly introducing confounding factors such as tissue shortening, contracture,
and learned non-use. These factors, although not formally measured in this study, may have impacted the
amount of functional improvement made.
Furthermore, although all charts reported results of
hemiparetic upper extremity therapy, there was large
variation in the level of hemiparesis, amount of spasticity
and subsequent functional abilities of the limb. Patients
were not categorized based on their level of hemiparesis.
Therefore, although patients were noted to improve on
several of the outcome measures, the amount of improvement varied considerably between patients, making
comparison difficult.
Use of the DWHO at home was not consistently reported for either group; therefore the influence of adherence to the home program could not be determined.
An additional limitation of the study is that we were
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unable to identify particular muscle groups/dosages that
would most benefit from BoNTA injection for those using a SaeboFlexTM orthosis in therapy. It has been noted
in treatment sessions that a temporary disruption in the
SaeboFlexTM therapy training program may occur with
maximum dosage injection to flexor digitorium superficialis (FDS) and flexor pollicis brevis (FPB), the primary
flexors used to operate the Saebo Flex orthosis. In chronic
cases of spasticity, however, it may be necessary to target
these two muscles with the maximum dosage for optimal
spasticity management and functional gain.

6. CONCLUSION
The findings of this study indicate that for some patients with chronic upper extremity hemiparesis post
stroke, there is the potential for further functional improvement using a dynamic wrist-hand orthosis for repetitive grasp-release training; however the use of concurrent BoNTA injections for those with moderate-severe
spasticity, in facilitating use of the orthosis remains unclear. Further research with a larger, more homogeneous
sample is suggested to assess the combined effect of using a dynamic wrist-hand orthosis and BoNTA injections
into the spastic upper extremity muscles.
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