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Upper-Limb Injections of Botulinum Toxin-A in Children 
With Cerebral Palsy: A Critical Review of the Literature and
Clinical Implications for Occupational Therapists

Brian J. Hoare, 
Christine Imms

Occupational therapists who provide intervention for children with cerebral
palsy will, on occasion, have the opportunity to incorporate new medical inter-

ventions into their practice. The effect of a change in surgical procedure or drug
therapy can have large implications for both the frequency and type of therapy that
an individual may require. Recent developments in the pharmacological manage-
ment of spasticity for children with cerebral palsy have seen the introduction and
approval by the Health Insurance Commission in Australia of botulinum toxin-A
(BtA) for use in the lower limbs. BtA is now also being studied in the upper limbs.
Maintaining currency with the developing protocols and effects of BtA injection
in the upper limb is essential if occupational therapists are to plan for and imple-
ment appropriate therapy for children receiving this treatment.

Cerebral palsy is the most common cause of childhood disability (Graham,
2000) and is characterized by sensorimotor dysfunction manifested by atypical
muscle tone, posture, and movement. The spastic motor type comprises about
80% of cases (Graham). It can also be accompanied by cognitive, psychiatric, sen-
sory, and seizure disorders (Neville, 1994).

Spasticity and hypertonia are important features of cerebral palsy as they con-
tribute to a mechanical block to function, abnormal co-contraction, reduced lon-
gitudinal muscle growth, and an imbalance between spastic muscles and antago-
nists, leading to deformity (Dunne, Heye, & Dunne, 1995). The consequences of
these changes may be an inability to maintain posture and balance, reduced func-
tional use of the arms and, in some children, a learned non-use of the affected limb
(Taub, 1980).

As discussed in Morris (2002), the use of the terms spasticity and muscle tone
are not interchangeable and as such, Lance’s clear physiological definitions will be
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used in this paper. Spasticity is seen as a “motor disorder
characterized by a velocity-dependent increase in tonic
stretch reflexes (muscle tone) with exaggerated tendon jerks
(phasic stretch reflex), resulting from hyperexcitability of
the stretch reflex” (Lance, 1980, p. 485). Muscle tone,
whether it be high, low, or normal, is “the sensation of resis-
tance that is encountered as a joint is passively moved
through a range of motion” (Lance & McLeod, 1981, 
p. 128).

One aim of therapy for children who have cerebral
palsy or other neurological impairments is to manage spas-
ticity and hypertonia when it interferes with optimal
engagement of the child in appropriate occupations.
Conventional therapeutic management of spasticity and
hypertonia in children with cerebral palsy has involved var-
ious techniques including splinting, casting, facilitation of
posture and movement, and passive stretching (e.g., Law et
al., 1991, 1997). More recently, BtA has been used as an
adjunct to therapeutic techniques in an attempt to reduce
focal spasticity, increase range of motion, improve ago-
nist–antagonist balance, improve function, and delay the
need for orthopedic procedures. BtA acts at the neuromus-
cular junction by inhibiting the release of the neurotrans-
mitter acetylcholine (Graham, 2000). When injected into
selected muscles, BtA produces a dose-dependent chemical
denervation resulting in reduced muscular activity.
Subsequent sprouting of new nerve terminals leads to rein-
nervation, or restoration of the original terminal. Thus the
function of the original terminal is eventually restored,
which results in the recovery of the affected muscles (de
Paiva, Meunier, Molgo, Aoki, & Dolly, 1999).

For occupational therapists, the integration of BtA into
traditional practice may provide a unique opportunity. If
BtA injection provides a window of reduced spasticity and
hypertonia, this may enable occupational therapists, utiliz-
ing purposeful activities (i.e., those that have meaning to
the child) to assist children to learn motor skills and gain
selective motor control. Occupational therapists have the
ability to identify the specific performance areas, compo-
nents and contexts that may (or may not) enable a child to
engage in meaningful occupations such as play or school-
work (Kramer & Hinojosa, 1999). The combination of a
reduction in spasticity through medical management and
improved selective motor control through therapy has the
potential to maximise the functional independence and
improve the occupational performance of children with
cerebral palsy.

Following a brief summary of the history of BtA use,
this paper will present the results of a comprehensive review
of the research literature regarding the use of BtA in the
management of upper-limb spasticity to improve function

in children with cerebral palsy. The clinical implications for
occupational therapy practice and potential for the use of
BtA as an adjunct to traditional treatment approaches are
discussed.

History of Botulinum Toxin Use
BtA is marketed in a number of countries under the trade
names Botox® (Allergan) or Dysport® (Speywood), and was
first used therapeutically in humans in 1980 (Gooch &
Sandell, 1996). The initial success of BtA in the treatment
of strabismus and blepharospasm (Gooch & Sandell), along
with minimal side effects has led to the clinical use of BtA
for denervation of muscles in a number of neurological and
non-neurological disorders (Jankovic & Brin, 1997). The
effect of BtA is not immediate; the response delay varies
from 12 hours to 7 days (Forssberg & Tedroff, 1997).
Clinically useful reduction of muscle activity usually lasts
12–16 weeks and the effects appear to be dose-dependent
and largely or completely reversible (Graham et al., 2000).

BtA treatment of focal spasticity in children with cere-
bral palsy is considered safe and effective (Mohamed,
Moore, & Rosenbloom, 2001). Local adverse effects of BtA
may include pain at the injection site, excessive weakness in
the injected muscle, or unwanted weakness in the adjacent
muscles. Systemic effects, although rare, may include tran-
sient flu-like symptoms, anaphylaxis, or excessive or gener-
alized mild weakness (Carr, Cosgrove, Gringras, & Neville,
1998). Resistance to BtA, characterized by the absence of
any beneficial effect, has occasionally been observed and has
been attributed to antibody formation against the toxin
(Brin, 1997). Treatment recommendations have included a
3-month minimum interval between injections to avoid the
formation of neutralizing antibodies (Delgado, 1999),
however, improved purification of the drug may minimize
the problem of antibody formation (Chait, de Augier,
Theron, & Bleloch, 2003).

BtA is thought to be effective as it allows a prolonged
stretch to muscle fibers (by concurrent splinting or active
antagonists) that results in the muscle physically lengthen-
ing (Wall et al., 1993). This muscle lengthening suggests
theoretically that BtA may decrease or delay fixed deformi-
ty and thus the need for early surgery in children
(Kirschner, Berweck, Mall, Korinthberg, & Heinen, 2001).

In 1993, Koman, Mooney, Smith, Goodman, and
Mulvany reported successful use of BtA injections in the
lower limbs in children with cerebral palsy, and BtA is now
approved in Australia for the treatment of equinus defor-
mity in children with cerebral palsy more than 2 years of
age. As BtA is now an established intervention for the lower
limb, attention has turned to the impact of BtA on the
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upper limb. Of particular interest to occupational therapists
is whether BtA can provide the opportunity for improved
occupational performance in children with neurological
impairments.

Methods
A comprehensive search of electronic databases
(MEDLINE 1966–October, Week 5 2003; CINAHL
1982–October 2003; Embase 1988 to week 45 2003; Best
Evidence, Cochrane Database of Systematic Reviews,
fourth quarter 2003; OTSeeker 2003) was used to identify
relevant citations and appropriate references found within
those papers. Search terms included botulinum toxins,
Botox, Dysport, cerebral palsy, hemiplegia, quadriplegia,
diplegia, upper limb or extremity, arm, hand, and thumb.
Only English language articles were included. Reference
citations were chosen if they reported research findings on
participants who satisfied the following criteria: a diagnosis
of cerebral palsy, 0 to 18 years of age, and BtA was used in
the treatment of upper-limb spasticity or lower- and upper-
limb spasticity. All articles were critically appraised by both

authors using the Guidelines for Critical Review Form—
Quantitative Studies (Law et al., 1998) and level of evidence
determined using the National Health and Medical
Research Council guidelines (National Health and Medical
Research Council, 2000).

Results of the Literature Review

The electronic database search identified two randomized
controlled trials (RCTs), nine prospective single-group
study designs, four case studies, and a number of abstracts
and letters to the editor, all evaluating the outcomes of BtA
injection to the upper limb. The two level II studies (Corry,
Cosgrove, Walsh, McLean, & Graham 1997; Fehlings,
Rang, Glazier, & Steele, 2000, 2001), are RCTs and repre-
sented the highest level of evidence published to date. Both
are presented in detail in this paper in Table 1 and the text.
The 13 level IV studies (nine prospective single-group
designs and four case studies) are listed in Table 2. These
studies all lack control group comparisons thus limiting
their validity and some have significant methodological
flaws. The results of the highest quality prospective single-
group design studies are summarized in Table 3.
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Table 1. Randomized Controlled Trials (RCTs)
Variable Corry et al. 1997 Fehlings et al. 2000

Design Double-blind RCT. Single-blind RCT
Sample 14 (5�, 9�), Mean age 9 yrs, 12 hemi, 1 quad, 1 tetra. 30 (20�, 10�), 2.5–10 yrs, Hemi.
Inclusion Criteria Contractures with dynamic component. Moderate spasticity at elbow, wrist, or thumb with MAS ≥

2; full PROM & can initiate voluntary digit movement.
Exclusion Criteria None reported. Children who used a rigid splint.
Injections (Treatment Group) Botox: 90–250 Units (U) at 4–7U/kg (n = 10) or Botox: 2–6U/kg.

Dysport: 160–400U at 8–9U/kg (n = 4)
Muscle Groups BB, B, FCR, FCU, FDP, FPL, FPB, PT. BB, PT, FCU, APL, FDP, FDS.

Injections (Control Group) Normal saline solution. None.
Occupational Therapy Usual therapy continued (both groups). Minimum frequency once per 2 weeks in community,

guidelines provided.
Assessment Frequency 0, 2, & 12 weeks. 0, 4, 12, & 24 weeks.
Outcome Measures Ashworth Scale, Wrist resonance frequency (muscle tone), MAS, PROM, QUEST, PEDI.

Coin transfers, Grasp & release, AROM.
Alpha Level 0.05 0.05 primary outcomes, 0.01 secondary outcomes.
Findings

Muscle Tone Ashworth: Elbow tone ↓ (p = 0.01)* at 2 weeks, MAS: NS.
Wrist tone ↓ at 2 weeks (p = 0.003) & 12 weeks (p = 0.01).
Wrist resonance frequency: Wrist tone ↓ at 2 weeks 
(p = 0.02) & 12 weeks (p = 0.045).

Active ROM Elbow & thumb extension: ↑ 2 weeks (p = 0.026; p = 0.036). Not assessed.
Passive ROM Not assessed. NS.
Grip Strength Not assessed. NS.
Quality of Movement Not assessed. QUEST: ↑ at 4 weeks [F(1,83) = 4.49, p = 0.039].
Fine Motor Coin transfer NS, . Not assessed.

Grasp/release NS at 2 weeks; ↑ 12 weeks (p = 0.01).
Caregiver Rating Subjective: Trend for improvement. PEDI: Self care domain raw score ↑ overall [F(1) = 4.68, 

p = 0.04].

Note. � = boys; � = girls; CP = cerebral palsy; OT = occupational therapy; AROM = active range of motion; PROM = passive range of motion; BB = biceps brachii;
B = brachialis; FCR = flexor carpi radialis, FCU = flexor carpi ulnaris; FDS = flexor digitorum superficialis; FDP = flexor digitorum profundus; FPL = flexor pollicis
longus; FPB = flexor pollicis brevis; PT = pronator teres; Italicized outcome measures are primary outcomes; QUEST = Quality of Upper Extremity Skills Test; 
PEDI = Pediatric Evaluation of Disability Inventory; MAS = Modified Ashworth Scale; BtA = Botulinum Toxin-A; ↑ = increased; ↓ = decreased; NS = not statistically
significant; U/kg = units per kilogram.
*Where only p values are given the authors did not provide information on statistical values or degrees of freedom.



Findings From the RCTs
Table 1 provides a comparative summary of both the Corry
et al. (1997) and Fehlings et al. (2000) trials. Corry et al.
conducted a randomized, double-blind, controlled trial to
test two hypotheses: “that botulinum toxin-A injection into
the flexor muscles of the arm and forearm can reversibly
decrease muscle tone, increase range of motion and improve
the function of the hemiplegic upper limb” (p. 185) com-
pared with a normal saline solution, and “that the response
of large muscle groups to BtA injection is clinically
detectable” (p. 185).

Despite the very small sample, Corry et al.’s (1997)
main hypothesis was confirmed using valid and reliable out-
come measures: BtA had a detectable clinical effect of
reducing muscle tone after injection into the forearm mus-
cles in spastic cerebral palsy. The results regarding range of
motion were variable. The authors report some improve-
ment in functional outcomes; however, the lack of validat-
ed measures limits the interpretation of this finding. The
authors present their results as group median scores, and
although the reader cannot estimate 95% confidence inter-
vals from these, the differences between groups in func-
tional outcomes appear to represent minimal clinically
important change.

Although the positive results of this small RCT were
limited when evaluated by group, the authors did report
that some individuals experienced positive responses to BtA
as measured by one or more of the outcome assessments.
Corry et al. (1997) also found that those participants with
weakness, poor control, or fixed contracture did not
respond well to intervention with BtA. Following comple-
tion of the trial, all participants in the control group were
offered BtA injection and Corry et al. also reported sum-
marized results (using nonblind assessment) for the whole
group. As a group, the 14 participants also demonstrated a
statistically significant decrease in wrist-resonant frequency,

increased elbow extension, decreased wrist tone (modified
Ashworth), and improved grasp score at 12 weeks.

Fehlings et al. (2000) in a single-blind, randomized,
controlled trial, investigated whether “BtA injections into
the upper extremities of children with spastic hemiplegia
improve (d) upper extremity function” (p. 331). Fehlings et
al. (2000) concluded that their trial supported the use of
BtA to improve quality of movement of the arm and func-
tional ability of children with hemiplegic cerebral palsy.
Improvements in function were present despite a weaker
grip after BtA. Fehlings et al. (2000) included appropriate
measures of upper-limb function (Pediatric Evaluation of
Disability Index [PEDI], Quality of Upper Extremity Skills
Test [QUEST]) and the QUEST total score increased sig-
nificantly. Post hoc analyses, however, suggested that the
greatest effect occurred in the upper-limb weight-bearing
subtest and that the other subtests—dissociated move-
ments, grasp, and protective extension—did not demon-
strate significant differences between groups. Analyses of
PEDI raw scores for the self-care functional skills domain
showed a statistically significant difference between groups.
As the author provided group means, 95% confidence
intervals can be estimated to guide the clinical interpreta-
tion of this result. At 6 months, the treatment group scores
were on average 4.13 (+/- 1.13) points higher than the con-
trol group (in a potential range of 0–73 points) suggesting
that the treatment group gained a small but potentially clin-
ically important difference in outcome over the control
group.

Interestingly, there were also positive changes in func-
tion and a decline in muscle tone in the control group,
which received more occupational therapy sessions (mean
sessions = 16.07 ± 7.6) than the BtA group (mean = 11.93
± 6.89). Although the difference in session numbers was
not statistically significant, it does raise the question of
whether improvement in the control group may have been

Table 2. Level IV Studies Evaluating the Effect of Botulinum Toxin-A Injections to the Upper Limb of Children Who Have Cerebral Palsy
Author Year Study Title N

Prospective Single Group Designs
Yang et al. 2003 Effect of botulinum toxin A on cerebral palsy with upper limb spasticity. 15
Hurvitz et al. 2003 Changes in movement characteristics of the spastic upper extremity after botulinum toxin injection. 9
Chait et al. 2002 The role of botulinum toxin in treating cerebral palsy hands. 42
Wong et al. 2002 Open label study of botulinum toxin for upper-limb spasticity in cerebral palsy. 11
Autti-Ramo et al. 2000 Botulinum toxin injection as an adjunct when planning hand surgery in children with spastic hemiplegia. 8
Friedman et al. 2000 Effects of botulinum toxin A on upper-limb spasticity in children with cerebral palsy. 32
Arens et al. 1997 Experience with botulinum toxin in the treatment of cerebral palsy. 6
Denislic & Meh 1995 Botulinum toxin in the treatment of cerebral palsy. 10
Wall et al. 1993 Botulinum A chemodenervation: A new modality in cerebral palsied hands. 5

Case Studies/Series Designs
Autti-Ramo et al. 2001 Management of the upper limb with botulinum toxin type A in children with spastic type cerebral palsy 4

and acquired brain injury: Clinical implications.
Hurvitz et al. 2000 Motor control testing of upper limb function after botulinum toxin injection: A case study. 1
Mall et al. 1997 Treatment of cerebral palsy with botulinum toxin A: Functional benefit and reduction of disability. Three case reports. 3
Gooch & Sandell 1996 Botulinum toxin for spasticity and athetosis in children with cerebral palsy. 3
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influenced by an increased number of therapy sessions.
Although a statistically significant change in function

was found, favoring the treatment group, Fehlings et al.
(2001) also highlighted that only 9 of 14 individuals who
received BtA improved. That is, not everyone benefited.
Additional analyses were undertaken on treatment group
data in order to determine which characteristics might pre-
dict positive outcome. The data were analyzed as groups of
nonresponders and responders, based on a 10% increase on
QUEST scores. Grip strength was found to be a statistical-
ly significant predictor of outcome with responders having
higher baseline grip strength than nonresponders. Younger
age was the only other variable to show some relationship
with better outcome.

The evidence from these two trials was promising with
both trials suggesting that intramuscular injections of BtA
resulted in short-term outcomes by reducing muscle tone,
increasing active range of motion in Corry et al. (1997),

and demonstrated positive changes in quality of upper-limb
movement and self-care skills in children with at least mod-
erate spasticity in Fehlings et al. (2000).

Outcomes From the Prospective Single-Group 
Design Studies

Table 3 provides a comparative summary of six of the nine
single-group studies that were located. These six studies
were selected as they presented sufficient detail to appraise
methodological quality and represented those with the
least number of internal biases related to lack of blinding
of assessors and choice of outcome measures. Although
these six studies provided some evidence of worth, a num-
ber of limitations remain. None used random selection of
patients, which introduced a potential bias in patient selec-
tion, nor were there any control groups for comparison.
One study had historical limitations related to data col-
lected over a prolonged period (Friedman, Diamond,
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Variable Wall et al., 1993 
(n = 5)

Denislic & Meh, 1995
(n = 10)

Friedman et al., 2000
(n = 32)

Autti-Ramo et al., 2000
(n = 8)

Hurvitz et al., 2003 
(n = 9)

Yang et al., 2003
(n = 15)

Aims Effectiveness of BtA 
to treat thumb in 
palm

Effectiveness of 
BtA to improve 
symptoms of 
dyskinesis & hand
skills

Ability of UL BtA to
improve function,
cosmesis, & caregiver
management

Usefulness of BtA in 
decision making for 
UL surgery

Impact of BtA on
movement characteris-
tics measured using
Motor Control 
Testing (MCT)

Effectiveness of BtA to
change movement 
pattern, skill and self care
ability

Diagnosis CP Hemi Dyskinetic Hemi, Quad Hemi Hemi Hemi

Age Not reported 7–15 years 1–18 years 4–16 years 7–16 years 4–13 years

Occupational
Therapy

Web spacer splint No information OT + PT (same as
preinjection)

OT—Not described 
n = 6 splints

None Continued OT & PT—
Not described

Assessment
Frequency

0, x 8 over 33 weeks 0, 1 week, 
1, 3 months

0, 1, 3, 4 months 0, 5–6 weeks 0, 2, 4, 6, 12, 18, &
24 weeks: MCT 2, 6,
18, & 24 weeks

Baseline, 0, 6, & 12
weeks

Outcomes ROM, grip strength,
video & photo rating
(blind)

Ashworth, Lovette
motor, UL disability
scale

MAS, ROM, caregiver
rating

A/P ROM, grips, 
2-handed functions, 
Box & Blocks, Purdue
Peg Board, grip strength

MAS, A/P ROM, MCT,
PEDI (ADL domain),
FIM, Purdue Peg
Board, BOTMP

MAS, grip strength,
MPRS, BOTMP, PEDI

Statistically
Significant
Findings 

None UL disability scale 
↓ n = 9

Muscle tone 
Elbow at 1, 3, 4
months
Wrist at 1 month 
Range of motion:
↑ thumb, ↑ 6º wrist
flexion, ↑ 7–10º wrist
extension (at 1
month)

None None BOTMP: ↑ at 6 & 12
weeks
PEDI: Self Care–
functional: ↑ at 6 & 12
weeks, 
caregiver: ↑ at 12 weeks,
MPRS: ↑ at 6 & 12
weeks

Trends for
Improvement

Hand/arm 
appearance, posture 
& function

Dystonia Caregiver: function
appearance, & 
management

ROM, grips & 2-handed
functions

Tone, MCT -forward
reaching & tapping

Author
Conclusions

Injection of BtA into
adductor pollicis is a
good alternative to
surgical release

Decreased dyskinesis
and increased skilled
movement

Increased ROM and
caregiver reported
increased function
and ease of 
management

Serial BtA as an alterna-
tive to surgery & is 
useful decision aid

BtA can be useful in
improving motor
function impaired by
spasticity

Effective in ↓ spasticity &
increasing fine motor
skills & movement 
patterns

Note. CP = cerebral palsy; UL disability scale = Modified Sindou & Milet Upper Limb Disability Scale; MAS = modified Ashworth Scale; BOTMP = Bruininks
Oseretsky Test of Motor Proficiency; MPRS = Modified Physicians Rating Scale; PEDI = Pediatric Evaluation of Disability Inventory; MCT = motor control testing;
OT = occupational therapy; PT = physiotherapy; UL = upper limb; A/P ROM = active/passive range of motion; ↓ = decreased after injection; ↑ = increased after
injection.

Table 3. Summary of Selected Prospective Single-Group Design Studies



Johnston, & Daffner, 2000), which may have resulted in
changed intervention techniques. In addition, with the
exception of Hurvitz, Conti, and Brown (2003), poor con-
trol of extraneous variables, such as additional interven-
tions, and the fact that only a few used validated measures
of upper-limb or hand function affects the usefulness of
many of the findings.

The positive and useful elements of these studies
included the generally full descriptions of the participants
and the BtA component of the study including injection
site, localization method, dosage, and muscles injected.
These details allow comparison between papers and help
the reader refer findings to a particular clinical population
or individual. All reported on measures additional to the
nonvalidated functional outcome measures, such as range
of motion and muscle tone assessment, which have demon-
strated validity and reliability. Most of the studies met the
purpose they were designed for, that is, preliminary investi-
gations, and made cautious or appropriate conclusions
related to their findings. The positive findings suggested
that most children experienced a decrease in tone at least for
a short period. There was variable response in range of
motion, and grip strength tended to decrease initially.
Functional outcomes were poorly represented with the
authors typically relying on anecdotal or unvalidated out-
comes, with the exception of Yang, Kao, Chan, and Chen
(2003) and Hurvitz et al. (2003). Yang et al. present a par-
ticularly strong paper with 15 children who act as their own
controls through repeated baseline measures. Using valid,
reliable outcomes, Yang et al. demonstrated significant
improvements in functional skills. Other studies also sug-
gested that some children respond positively to BtA.
Overall, those children with dynamic hypertonicity, intact
sensation, and some voluntary movement before injection
had the most positive responses in terms of reduced spas-
ticity and improved functional outcomes.

Discussion
In the lower limb, injection of BtA has been demonstrated
to significantly affect spasticity and hypertonia and to pro-
vide an opportunity for development of improved lower-
limb functional outcomes, such as improved gait (Boyd &
Hays, 2001). In the upper limb, the evidence of two RCTs
and 13 lower-level studies found that high muscle tone can
be temporarily reduced following BtA injection and that
there is the potential for improved functional outcome. A
number of authors have suggested that children who have a
favorable functional response to BtA tend to be those with
at least moderately high muscle tone (Corry et al., 1997;
Fehlings et al., 2000), without fixed contracture (Arens,

Goldschmidt, & Leary, 1997; Corry et al.), preserved grip
strength (Fehlings et al., 2001), some distal voluntary con-
trol (Fehlings et al., 2000), intact sensation and motivation
to participate in postinjection training (Autti-Ramo,
Larsen, Peltonen, Taimo, & von Wendt, 2001).

In the follow-up paper to their RCT, Fehlings et al.
(2001) showed that the children who had a positive func-
tional response to BtA had significantly higher baseline grip
strength (all ≥ 60 mmHg) and tended to be younger. In
contrast, Friedman et al. (2000) found age was not signifi-
cantly related to reductions in tone after BtA. The small
samples and variable responses of children receiving BtA
suggests that further investigations of specific baseline char-
acteristics, including age and severity of cerebral palsy, will
be important to assist the clinical determination of which
children are likely to experience positive functional gains.

BtA injections in the upper limb have fairly consistent-
ly resulted in reduced tone, however, a reduction of tone is
probably not sufficient to improve function in the upper
limb. Forssberg and Tedroff (1997) postulated that by
reducing muscle tone, a child might be able to develop
“normal” motor coordination that would otherwise be pre-
vented by hypertonia and spasticity and secondary muscu-
loskeletal malformations. This hypothesis neglected to con-
sider the many aspects that limit or influence “normal”
motor coordination. As Hurvitz, Conti, Flansburg, and
Brown (2000) state, “In spastic conditions in which there
has been long term non-usage of a limb, a reduction in
muscle tone is a necessary but insufficient condition for
motor improvement” (p. 1413).

In theory, by reducing spasticity and hypertonia, BtA
assists in establishing a balance between agonist, antagonist,
and synergistic muscles. In conjunction with appropriate
therapy techniques, this improved muscle balance may
facilitate improved limb mobility and the development of
selective motor control. As a result, more effective interpre-
tation of tactile, proprioceptive, and vestibular sensory
input may enable the development of more complex neural
patterns, thereby improving motor response. Thus, it is per-
haps the combined effect of BtA and therapy that may con-
tribute to improvements in function such as those found in
the studies by Fehlings et al. (2000) and Yang et al. (2003).
These two studies stand out as ones that included valid and
appropriate outcome measures of function, ongoing thera-
py, and at least 15 participants, perhaps providing just
enough power to detect differences where they lie.

The primary aims of the studies located related direct-
ly to the effect of BtA as an antispasticity medication newly
used in the upper limb and as such have provided little
information on concurrent therapies. In some studies the
children were described as receiving no therapy (Hurvitz et
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al., 2000, 2003; Mall, Heinen, Linder, Philipsen, &
Korinthenberg, 1997), unspecified therapy (Autti-Ramo et
al., 2000; Freidman et al., 2000; Yang et al., 2003) or there
was no information at all on whether therapy was provided
or not (Denislic & Meh, 1995; Gooch & Sandel, 1996).
Four of the papers, however, provided some information on
concurrent therapies with some children receiving splinting
(Autti-Ramo et al., 2000; Mall et al., 1997; Wall et al.,
1993) or activities to strengthen the limb or develop skills
of daily living (Fehlings et al., 2000). Autti-Ramo et al.
(2001), provided the most comprehensive description of
postinjection therapy in their clinical paper. They reported
that children undertook intense home therapy programs,
continued with their current regime of individual occupa-
tional therapy, and received splinting. Home programs
focused on limb use during daily tasks and play, whereas
therapy focused on “specific training for learning new func-
tional abilities” (p. 141) based on preinjection goals.
Splinting included neoprene soft splints or thermoplastic
night splints or both. As many children’s function appeared
to be limited by reduced sensation, Autti-Ramo et al.
(2001) also reported on the developing use of vibration and
electrical stimulation of weak antagonists to assist the chil-
dren during functional tasks. While Autti-Ramo et al.
(2001) appear to have provided a good framework for
postinjection therapy, the efficacy of this therapy is yet to be
tested empirically.

As BtA provides a relatively short interval of effect,
investigations of postinjection therapy intensity are also
required. Both Fehlings et al. (2000) and Corry et al.
(1997) observed that the effect of BtA continued up to 6
months after injection, which is much longer than the
effects of the neuromuscular blockade that disappears, on
average, at 3 months. While the differences were not signif-
icant, the Fehlings et al. (2000) control group, who received
slightly more therapy, also showed positive trends for
change in function. Whether this trend was related to
increased intensity, a change in therapy focus as communi-
ty therapists were provided with therapy plans, or an
increased attention to upper-limb treatment is unknown.

There appears to be some consensus that BtA in the
upper limb will be most effective when combined with
therapy (e.g., Hurvitz et al., 2000, 2003; Yang et al., 2003).
Indeed, Graham (2000) postulated that “the use of BtA
injections in the hemiplegic upper limb, combined with
intelligent use of occupational therapy and splinting,
should reduce deformity and improve function for many
children” (p. 302). For this statement to be supported, fur-
ther randomized controlled trials, using valid and respon-
sive functional outcome measures, are needed. However, it
is not yet clear what type of therapy will be required. One

recent abstract publication reporting early analyses suggest-
ed a positive impact of occupational therapy in conjunction
with BtA. This abstract alluded to evidence of cortical
motor reorganization as measured by functional magnetic
resonant imaging in a small group of children who received
BtA plus occupational therapy training versus those who
received training alone (Boyd et al., 2002).

Although it is encouraging to see evidence of one RTC
investigating the effect of therapy after BtA (Boyd et al.,
2002), further work is required to establish what specific
therapy will enhance functional outcomes and prolong the
beneficial effects of BtA. Will traditional occupational ther-
apy interventions, including such elements as facilitation of
movement or task training, in combination with BtA effec-
tively facilitate the development of selective motor control
and overcome a learned non-use? Or, as has been suggested,
will it be BtA plus splinting (Corry et al., 1997), constraint
induced movement therapy (Boyd, Morris, & Graham,
2001), or occupational therapy and electrical stimulation as
biofeedback to weak antagonists (Autti-Ramo et al., 2001)
that will be required to maximize the functional benefits of
BtA injections to the upper limb? Clearly more research evi-
dence is required, and it behooves occupational therapists,
with their upper-limb training expertise, to be active mem-
bers of future research endeavors.▲
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