
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ipdr20

Pediatric Rehabilitation

ISSN: 1363-8491 (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ipdr19

Botulinum toxin type-A and plaster cast treatment
in children with upper brachial plexus palsy

M. Basciani & D. Intiso

To cite this article: M. Basciani & D. Intiso (2006) Botulinum toxin type-A and plaster cast
treatment in children with upper brachial plexus palsy, Pediatric Rehabilitation, 9:2, 165-170, DOI:
10.1080/13693780500402229

To link to this article:  https://doi.org/10.1080/13693780500402229

Published online: 28 Oct 2009.

Submit your article to this journal 

Article views: 70

View related articles 

Citing articles: 26 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=ipdr20
https://www.tandfonline.com/loi/ipdr19
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13693780500402229
https://doi.org/10.1080/13693780500402229
https://www.tandfonline.com/action/authorSubmission?journalCode=ipdr20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ipdr20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/13693780500402229
https://www.tandfonline.com/doi/mlt/10.1080/13693780500402229
https://www.tandfonline.com/doi/citedby/10.1080/13693780500402229#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/13693780500402229#tabModule


Botulinum toxin type-A and plaster cast treatment in children with
upper brachial plexus palsy

M. BASCIANI & D. INTISO

Department of Rehabilitation, IRCCS ‘Casa Sollievo della Sofferenza’, S. Giovanni Rotondo (FG), Italy

(Received 10 May 2005; accepted 11 August 2005)

Abstract
Background and purpose: Electrical stimulation, physical therapy and occupational therapy remain the main treatment
for children with upper brachial plexus palsy (UBPP), when surgery has been excluded. A pilot study was undertaken to
investigate whether botulinum toxin type A (BoNT-A) and plaster casting, as adjunct to the physical therapy, decreased
muscle contracture and improved the position and function of the impaired arm.
Method: Twenty-two children (mean age 5.6� 3.4 years) with mild UBPP who previously underwent serial cast treatment,
unsuccessfully, were enrolled. Neurological impairment and functional status were quantified using Medical Research
Council (MRC) and Mallet scales and the Nine-Hole Peg Test (NHPT). Elbow extension was measured using a
goniometer. Biceps brachii, brachialis, pronator teres and pectoralis major muscles were injected with 22 units kg�1 BoNT-A
(Dysport�, Ipsen). After injection, the treated arm was fixed with a plaster cast and progressively lengthened over 14 days.
The cast was maintained for 30 days. Assessments of elbow extension, MRC, Mallet Scale and NHPT were made at
baseline, 3, 6 and 12 months.
Results: After BoNT-A injection, children had significant improvement of active elbow extension (15.5� � 17.1 at 12 months
after injection, compared with 42.0� � 10.4 at baseline; p<0.001). NPHT scores improved significantly over the 12 months
(51.1� 21.8 seconds compared with 56.7� 19.3 seconds at baseline, p<0.01). MRC and Mallet scale scores of the paretic
muscles were unchanged.
Conclusion: The children showed a reduction in muscular contracture and improvements of the arm position and elbow
extension. The data support the use of BoNT-A and plaster casting as an adjunct to physical therapy, in the treatment
of children with mild UBPP.
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Introduction

Obstetric brachial plexus palsy can represent a

dramatic sequela of dystokia or complicated delivery.

Despite improved procedures and diagnosis, the

incidence remains unchanged ranging from 0.9–2.6/

1000 live births, possibly reflecting an increase in

mean birth weight [1,2]. The clinical aspects of

the brachial plexus palsy can be very variable and

complex, involving several nerve roots and muscle

groups. About 80–85% of perinatal brachial

plexus injuries concern the upper branch (Erb’s

type) affecting the C5, C6 and sometimes C7 nerve

roots [3,4]. In severe brachial plexus palsies,

disabling limitation can result, due to impairment

and imbalance of the muscular contraction in the

paretic limb. Until now, the strategies used to treat

this condition have been either a surgical or a

conservative approach, depending on the severity of

the brachial plexus lesion. Different surgical techni-

ques have been reported to improve the movement

and functional ability in children who had not

recovered anti-gravity power of the biceps within

the first 3 months of life [5–8]. The hallmarks of

conservative management in children with mild

brachial plexus palsy remain physical and occupa-

tional therapy and electrical stimulation [4,9–12].

In spite of physical therapy, some children continue

to experience muscular imbalance, contractures and

abnormal posture which hamper complete recovery.

Casting is a common therapeutic strategy to treat

muscular unbalance and the contractures, even if the

main application concerns the reduction of contrac-

tures following the spasticity, particularly in cerebral

palsy and brain injury [13–15]. Serial casting results

in a higher active and passive joints mobility and

can enable functional use of affected limb.
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The authors undertook a pilot study to investigate

whether botulinum toxin type-A (BoNT-A) injection

and plaster casting, as adjuncts to physical therapy,

reduced muscle contracture and improved the

posture and functional status of the impaired limb

in children with mild obstetric upper brachial plexus

palsy (UBPP).

Method

After gaining parental consent and ethical commit-

tee, children were treated with mild UBPP following

dystokic delivery. These children had been pre-

viously treated by serial casting to obtain the

improvement of elbow extension, unsuccessfully,

and in spite of physical therapy they presented

stable impaired functional ability and range of

motion in the paretic arm. Their demographic details

are given in Table I. At baseline, the children

underwent echography and X-ray scan of the elbow

and shoulder joints. Children with severe UBPP

and complicated orthopaedic disturbances including

dislocation, luxation, sub-luxation and pathological

calcification of the elbow and shoulder joint were

excluded. Electromyographic (EMG) examination

was performed to confirm Erb’s type plexus palsy

and to identify the innervation status of involved

muscles. All patients also underwent a neurological

and functional assessment of the impaired arm.

Motor function was evaluated using the Medical

Research Council (MRC) and Mallet scales [16,17].

MRC is a 6-point graded scale ranging from 0–5

to quantify the power in isolated or muscle groups:

0, no contraction; 1, flicker or trace of contraction;

2, active movement with gravity eliminated; 3, active

movement against gravity; 4, active movement

against gravity and resistance; and 5, normal

power. The Mallet scale includes active abduction,

active external rotation and the ability to bring the

hand to the mouth, the back and the neck. These

five parameter are rated on scale from 1 (absence

of function) to 5 (normal function). The Nine-Hole

Peg Test (NHPT) was used to evaluate the

functional use of the affected arm [18]. Although

the MRC scale is widely used to quantify muscular

impairment following nerve and muscle injuries, the

NHPT is used to evaluate motor dexterity, especially

when the functional limitation of the upper limb is

not severe. In this test, the subject is seated at a table

and is invited to insert nine small pegs into holes

located in a 100mm2 wooden board. The time

taken (in seconds) to perform this task is recorded.

The degree of elbow extension was measured

using a goniometer. Passive and active goniometric

evaluations of the affected limb were performed at

baseline and at 3, 6 and 12 months after treatment.

The biceps brachii, brachialis, pronator teres and

pectoralis major muscles were injected with a total

of 200–400 units per single session (mean doses

22� 5.1 units per Kg of body weight) BoNT-A

(Dysport� Ipsen) [19,20] (Table II). These muscles

were selected on the basis that a protracted muscular

imbalance favouring the action of flexors, pronators

and internal rotators was responsible of characteristic

posture and disability in UBPP children. After the

first injection, the position of the treated arm was

fixed in elbow extension, by a plaster cast, which was

lengthened each week for 2 weeks. The plaster cast

was removed after 30 days and no further casts were

applied. In the study, repeat injections of BoNT-A

were given at intervals of 12 weeks for up to

9 months, if the improvements in elbow extension

and arm posture were not sustained. During BoNT-

A treatment, the children continued with a standard

physical therapy rehabilitation programme, including

proprioceptive neuromuscular facilitation, stretching

and occupational therapy.

Subjects

Twenty-two children (12 male and 10 female,

mean ages 5.6� 3.4 years) were enrolled who have

been previously treated by serial casting to obtain

the improvement of elbow extension, unsuccessfully.

Of these, 10 children did not tolerate the cast.

The mean elbow extension resulted in 41.9� � 9.6

and 42.3� � 10.6 before and after casting treatment,

respectively, and in spite of physical therapy the

children presented a stable range of elbow extension

over time. All patients had mild Erb’s plexus palsy

affecting C5 and C6 nerve roots and anti-gravity

function of the biceps muscle. They showed mild

impairment of abduction and external rotation of

Table II. Muscles and BoNT-A doses (mouse unit). Standard

deviation is reported in brackets.

Muscles

Pectoralis

major

Biceps brachii

and brachialis

Pronator

teres

Mean doses for

single session

88 (17.6) 219 (65.3) 112 (38.8)

Mean doses per kg

of body weight (SD)

22 (5.1)

Table I. Demographic characteristics of children with UBPP.

Number Age (years), M�SD

Affected side

Left Right

Male 12 5.5� 3.9 6 6

Female 10 5.6� 2.8 4 6

Total range 22 5.6� 3.4 (3–15) 10 12

UBPP¼upper brachial plexus palsy.
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the shoulder, as assessed by the Mallet Scale. Almost

all children showed a limitation of active elbow

extension with a posture of mild internal rotation

and adduction of the shoulder, elbow flexion and

a pronation contracture of the forearm. Complete

passive extension of the elbow with severe pain

was possible in 15 children. No child had painless

extension of the elbow at baseline.

Statistical analysis

Multiple paired data for the scale scores and

goniometric values obtained after casting and

BoNT-A treatment at 3, 6 and 12 months of

follow-up were compared with the baseline values

using ANOVA, adjusted for repeat measurements.

Results

MRC scale scores

The MRC scale scores showed that the deltoid

muscle had the greatest impairment. At baseline,

the median MRC score of deltoid, biceps brachii

and triceps muscles were 3, 3.5 and 3, respectively.

The values were unchanged at 3, 6 and 12 months

of follow-up. The mean MRC score was 3.1� 0.4;

3.4� 0.4; and 3� 0.2 for the deltoid, biceps

and triceps muscles, respectively, at baseline. The

values remained fairly stable throughout the obser-

vation period: 3.2� 0.4; 3.4� 0.3; and 3.1� 0.3,

respectively, at 3 months; 3.2� 0.3; 3.4� 0.4; and

3.1� 0.2, respectively, at 6 months; and 3.2� 0.4;

3.4� 0.4; and 3.1� 0.2, respectively, at 12 months.

EMG showed chronic partial denervation of the

scapular girdle muscle with impaired motor unit

activation involving the deltoid, supra-scapular

and infra-spinous muscles. None of the children

had biceps and triceps muscle co-contraction in

the affected arm.

Angle of elbow extension

After BoNT-A injection and plaster cast treatment,

there was a significant improvement in active

elbow extension in all but four of the children. At

baseline, mean extension was 42� � 10.4�, which was

progressively reduced to 20.1� � 16.9�, 17� � 16.26�

and 15.5.� � 17.14�, at 3, 6 and 12 months after

treatment, respectively ( p<0.001) (Table III). In

these patients a reduction of pronation and an

improved range of motion of the elbow joint were

obtained. This benefit persisted at 12 months, even

in the absence of further injections. Children under

the age of 5 years with mild impairment of deltoid

and biceps muscles had the best outcomes. The four

children who did not ameliorate were older (mean

age 7.5� 1.2) than children responsive to the treat-

ment (mean age 5.25� 3.4). They did not show

differences in the range of elbow extension (42.2�

8.6 vs 41.8� 9.5) and arm dexterity compared to

the improved children. All four children after the first

BoNT-A injection and casting treatment underwent

further botulinum A toxin injection sessions, every

12 weeks for up to 9 months, unsuccessfully.

Ten patients achieved complete active extension of

the elbow, after a single treatment with BoNT-A

injection and the plaster cast treatment (Figure 1).

Eight children had two and four children had three

BoNT-A injections. The children who did not

improve after the second injection did not benefit

after further injection. After casting and BoNT-A

injections a complete passive painless extension of

the elbow was obtained in 14 of the 15 patients

who complained severe pain to the elbow extension,

at baseline.

NHPT

The NHPT scores decreased significantly after

BoNT-A and casting treatment and this functional

improvement persisted at 12 months (Table III).

The mean time taken to perform this test was

reduced from 56.72� 19.3 seconds at baseline,

54� 21.6 s; 52.72� 21.6 s; and 51.1� 21.8 s at 3,

6 and 12 months, respectively ( p<0.01).

Mallet scale scores

The median Mallet scores changed little throughout

the observation period.

Adverse events

Two patients, who had good elbow extension,

reported articular pain lasting 5 days after removal

of the plaster cast.

Table III. Mean scales scores and active angular elbow extension.

Baseline M�SD 3 months M�SD 6 months M�SD 12 months M�SD

NHPT (s) 56.7�19.3 54�21.6* 52.7� 21.6* 51.1�21.8*

Mallet score*** 3.1�0.6; 3 3.2�0.4; 3 3.2� 0.4; 3 3.2�0.4; 3

Elbow extension (�) 42� �10.4 20.17�16.9** 17� 16.2** 15.5�17.1**

NHPT¼Nine-hole peg test; SD¼ standard deviation.
* p<0.01: NHPT scores vs baseline; ** p<0.001: Degree of elbow extension vs baseline; *** mean and median.
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Discussion

Although there have been previous published reports

on the use of botulinum A toxin in the treatment

of children with birth-related brachial plexus lesions

[19,20], to the best of the authors’ knowledge, this is

the first report of the combination of BoNT-A

with plaster casting in children with mild UBPP.

It has been shown that this combination, in con-

junction with physical therapy, is a promising new

therapeutic strategy in children with this condition.

Figure 1. A child with upper brachial plexus palsy before (left) and after (right) BoNT-A and plaster cast treatment.

168 M. Basciani & D. Intiso

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
i
n
f
o
r
m
a
 
i
n
t
e
r
n
a
l
 
u
s
e
r
s
]
 
A
t
:
 
0
9
:
2
2
 
2
8
 
O
c
t
o
b
e
r
 
2
0
0
9



This treatment increases elbow extension and

facilitates improvements in both the posture and

function of the affected arm. The prognosis of the

brachial plexus palsy varies considerably, depending

on the severity of the nerve root injury. Many

children with perinatal brachial plexus palsy make a

good spontaneous recovery [10–12]; however, others

may need aggressive physical therapy to maintain

passive range of motion, supple joints and muscle

strength if a surgical approach has been excluded.

Children with mild UBPP can develop a permanent

disability due to the functional limitation and

reduced motor skills of the affected arm, despite

sufficient re-innervation of the paretic muscles.

When supinators and external rotators have been

denervated, the unopposed action of the innervated

pronators and internal rotators results in a typical

pronation contracture at the forearm and posture

of the affected arm. This type of muscular unbalance

significantly hinders a patient’s two-handed groom-

ing activities. The best results were obtained in

children under 5 years of age. Several hypotheses

could explain this finding, including peripheral

and central pathophysiological mechanisms. Early

treatment with BoNT-A can prevent irreversible

contracture, skeletal deformities and ankylosis. It

can also slow myofascial and capsular-ligamentous

fibrosis of the joints. The impaired activity and

reduced motor skills in children with neonatal

brachial plexus palsy might be due to an apraxia

arising as a consequence of paralysis at a critical time

in infant development [21]. The reduced level or

absence of proprioceptive sensory inputs and normal

movements early in life could produce abnormal

changes in spinal cord and brain development.

These, in turn, could lead to abnormal motor

neuron recruitment and impaired development of

skilled movements [22]. It is possible that treatment

with BoNT-A, in conjunction with physical therapy,

may modify the muscular imbalance, alleviate

problems with posture and motor patterns in the

affected arm and could prevent apraxic motor

patterns from developing. In this study, since the

affected arm was treated with a plaster cast for 30

days after the first BoNT-A injection to promote

muscle elongation, it could be argued that the

findings resulted from the orthopaedic intervention.

However, children were enrolled who previously

underwent a traditional plaster cast treatment of

paretic arm, but the motion of the elbow and

disability of the affected arm were unchanged. It is

possible that a greater period of cast application may

have produced more positive effects, but the children

could not tolerate the orthopaedic orthosis. It was,

therefore, believed that the cast reinforces the

beneficial effects of BoNT-A injection. Indeed,

Desiato and Risina [20] reported good results in

children with UBPP, using BoNT-A injections alone.

The functionality of the affected arm improved

significantly after casting and BoNT treatment as

NHPT score (56.72� 19.3 and 51.1� 21.8 seconds

at baseline and at 12 months, respectively) changed,

but this finding could simply be explained bymaturity

as children get older. Although the data from this

study are promising, the open design, the small

number of patients and the lack of a control group

represent limitations to the interpretation of the

findings. A proper controlled randomized study of

casting alone compared to casting plus botulinum

toxin treatment is needed for conclusive remarks.

It may be argued that this therapeutic strategy may be

helpful in similar pathological conditions such

as acquired brachial injuries in adults or in children

with UBPP following surgical repair, but according to

the findings, one can not support this suggestion.

Indeed, the best outcome was obtained in the

children under the age of 5 years. Some may consider

that the treatment of mild UBPP is unnecessary, since

these children are only slightly impaired. However,

the sustained results on position of the affected arm,

functional improvements, good recovery, with few

side effects, would argue against this. The authors

hold that it is important to strive for new means to

attain the best functional benefits which improve the

quality of life in these children.

Conclusion

The complexity and variability of clinical presenta-

tions of perinatal brachial plexus palsy requires that

different therapeutic strategies be considered at

different times, to provide the best outcome for the

affected children. The patients showed reduction

of muscular contracture and improvements in arm

position, elbow extension and dexterity in the paretic

limb, even though the neurological impairments

remained unchanged. It is proposed that the use

of BoNT-A injections together with plaster casting,

as an adjunct to physical therapy, be considered for

the treatment of children with upper brachial palsy.

Further studies including a blinded design and

control group are needed before firm conclusions

can be drawn.
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