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Dynamic properties of partially denervated muscle
in children with brachial plexus birth palsy
M STEFANOVA-UZUNOVA, L STAMATOVA,
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SUMMARY Contraction time, time to peak rate of tension development, half-relaxation time
and maximum twitch tension of partially denervated flexor carpi ulnaris muscle were measured
in children with brachial plexus birth palsy. The extent of weakness of the affected muscle was
assessed by expressing its maximum twitch tension as a percentage of the tension of the contra-
lateral normal muscle. Contraction time, time to peak rate and half-relaxation time were pro-
longed in children with severe weakness, while in children with moderate weakness only half-
relaxation time was prolonged. The contralateral normal flexor carpi ulnaris muscle showed age

differences in its contractile properties, while in the affected muscle such differences were not
found. This result suggests that denervation at birth impairs normal development of muscle
contractile properties.

Partial denervation and reinnervation of muscle
has been known to produce changes in its con-
tractile properties.1-4 It has been shown that
denervation and reinnervation also influence the
process of muscle fibre differentiation.5-"1 Few
studies are available that assess the contractile
properties of partially denervated muscles in
patients. 12-15 It appears worthwhile to investigate
the changes in the dynamic properties by partial
denervation in human developing muscle.
The purpose of this paper is to describe the

changes found in the dynamic properties of
partially denervated flexor carpi ulnaris muscle
in infants and small children with brachial plexus
birth palsy.

Patients and methods

Seventeen children, eight girls and nine boys, whose
ages ranged from two months to three years (mean
age 16 months) with brachial plexus birth palsy were
examined. The distribution of motor weakness lay
within the segmental innervation of roots C5-T,.
Needle electromyography revealed evidence of partial
denervation. The brachial palsy was unilateral; in 13
children it was right-sided, and in four-left-sided.
The duration of the palsy was the same as the age
of the children.
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Electrical and mechanical isometric twitch re-
sponses of the flexor carpi ulnaris muscle of both fore-
arms (the normal forearm served as control) were
studied. The ulnar nerve was stimulated (single square
electric pulses of 0 2-0 5 ms duration) proximal to the
el,bow with bipolar surface electrodes Disa 13K62. The
stimulus intensity was supramaximal (40% above
maximal). The electrical responses were recorded with
bipolar surface electrodes Disa 13K60, placed in belly-
tendon position and recorded by Disa 3-channel
electromyograph. The electrical responses served to
control the stimulus strength. The mechanical response
was studied by the method of Gatev et al.'6 The arm
was immobilised with a special splint, on which a
mechano-electrical transducer was fixed. The dynamo-
gram and its first derivative were recorded (fig 1).
Recording and measurement on a photographic paper
included electrical response, maximum twitch tension
(P), contraction time (CT), time to peak rate of
tension development (CT,), time from peak rate to
the end of contraction (CT2), and half-relaxation
time (TSR). Measurements of each parameter are
illustrated in fig 2. The individual values of each child
were averaged from six to 10 recordings. Further
details of the technique and the method have been
reported elsewhere.'7
The extent of weakness of the flexor carpi ulnaris

muscle was assessed by expressing its maximum twitch
tension as a percentage of the tension of the con-
tralateral normal muscle. The children were divided
into two groups according to the extent of muscle
weakness. The group with moderate weakness con-
sisted of children with tension decrease of the affected
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Fig 1 Schematic representation
of the set-up for studying the
mechanical activity of flexor
carpi ulnaris muscle.

Dynamogram

CT

First derivative

Fig 2 Schematic drawing of the manner of
measuring the examined parameters: contraction
time (CT); half-relaxation time (TIR); maximum
twitch tension (P); time to peak rate of tension
development (CT1); time from peak rate to the end
of contraction (CT2).

muscle up to 50% of the tension of the contralateral
muscle. In the group with severe weakness there were

children with tension decrease exceeding 50% of the
tension of the contralateral muscle. With moderate
weakness were seven children, and with severe weak-
ness 10 children. The results are given as the mean+
standard error (SE). The significance of differences
were evaluated by t test and paired t test.

Results

Twvitch tension (table 1) In the group of children
with moderate weakness the maximum twitch
te:;ision of the affected muscle expressed as per-
centage of the normal muscle was 55 4%, and in
the group with severe weakness it was 21-0%. The
twitch tension difference between affected and
normal muscle was significant in the group with
se'ere weakness (p<0001), as well as in the
grcup with moderate weakness (p<001). There
w1as, however, a wide scatter of results in maxi-
mum twitch tension of the normal muscle. This
variability reflects individual and age differences of
muascle twitch tension.
Contraction time (table 2) In the moderate and in
the severe groups, CT was longer, in the affected
muscle than in the normal one, but the difference
between them was significant only in children
with severe weakness (p<001). The mean differ-
ence in CT between affected and normal muscles
in children with severe weakness was greater than
that in children with moderate weakness (p<0 01),
evaluated by t test.
Time to peak rate of tension development (table 3)
In children with severe extent of weakness CT, was
loniger in the affected muscle than in the normal
one (p>0 02), while in children with moderate
weakness no significant difference was found
(p <0 05). The mean difference in CT1 between
affected and normal muscles in children with
moderate weakness did not differ significantly
from the difference in severe weakness (p>0 05).
Ti.me from peak rate to the end of contraction
(table 4) This parameter was prolonged in the
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affected muscle in children with severe weakness
(p<001) and it tended to be prolonged in children
with moderate weakness (OO>p>005). The
mean difference in CT2 in children with severe

weakness was greater than the mean difference in
children with moderate weakness (p<002).
Half-relaxation time (table 5) In the affected
muscle TIR was longer than in the normal muscle
in children with severe weakness (p<0002), as

well as in children with moderate weakness
(p<0 02). The mean difference in TiR between
affected and normal muscles in children with
severe weakness was greater than that in moderate
weakness (p<001).

Age differences In order to see whether there are

any age differences in the examined parameters of
the normal and of the affected muscles, the
patients were divided into two age groups: infants
(aged two to 12 months, mean age five months
and 26 days) and children (aged one to three
years, mean age two years). The results of this age
grouping are given in fig 3. No significant dif-
ferences in any of the examined parameters were

found in the affected muscle between the two age
groups. In the normal muscle significant pro-

longation of CT and CT2 (p<005 for both) and a

tendency to significance in CT1 (0 10>p>0 05)
was found in children compared with infants.

Table 1 Maximum twitch tension of flexor carpi ulnaris muscle in children with brachial plexus birth palsy

Extent ofmuscle weakness Maximum twitch tension (g) d (N-A) p

Affected muscle (A) Normal muscle (N)

Moderate n=7 x 156-0 286-4 130-3 <0 01
SE 35-8 66-2 31-6
Range 62-2-317-0 103-0-573-3 42-1-206-8

Severen=10 x 52-1 249-0 196-9 <0-001
SE 9-9 15-8 14-5
Range 22-1-130-1 152-7-324-4 954-250 7

n-number of children; x-mean; SE-standard error; d-mean difference between normal and affected muscles; p-statistical significance
evaluated by paired t test.

Table 2 Contraction time of flexor carpi ulnaris muscle in children with brachial plexus birth palsy

Extent of muscle weakness Contraction time (ms) d (A-N) p

Affected muscle (A) Normal muscle (N)

Moderate n=7 x 55 2 52-9 2-3 >0-05
SE 2-0 3-6 1-7
Range 490-66-2 41-8-72-5 0-5-7-1

Severe n= 10 x 66-1 49*9 16-1 < 0-01
SE 3-3 1-6 3 -8
Range 56-5-87-5 43-5-57-5 0-6-42-0

n-number of children; x-mean; SE-standard error; d-mean difference between affected and normal muscles; p-statistical significance
evaluated by paired t test.

Table 3 Time to peak rate of tension development of flexor carpi ulnaris muscle in children with brachial
plexus birth palsy

Extent ofmuscle weakness Time to peak rate of tension development (ms) d (A-N) p

Affected muscle (A) Normal muscle (N)

Moderate n=7 x 23-5 23-7 -0-2 >0-05
SE 0-5 0-8 0-8
Range 21-5-26-2 21-2-27-5 01-4-1

Severen=10 x 26-1 22-5 3-6
SE 1.1 0-7 1*1 <0-02
Range 20-8-31-1 17-5-25-0 0-3-9-6

n-number of children; i-mean; SE-standard error; d-mean difference between affected and normal muscles; p-statistical significance
evaluated by paired t test.
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Table 4 Time from peak rate to the end of contraction of flexor carpi ulnaris muscle in children with
brachial plexus birth palsy

Extent ofmuscle weakness Timefrom peak rate to the end ofcontraction d (A-N) p

Affected muscle (A) Normal muscle (N)

Moderate n=7 x 31-7 29-3 2-4 OlO>p>0O05
SE 1.9 2-9 1-2
Range 275-42 9 20-6-45 0 1-0-6 9

Severe n= 10 it 39-8 27-4 12-3 < 0 01
SE 2-9 1-4 3-3
Range 28 5-56 5 220-35-5 10-32-4

n-number of children; i-mean; SE-standard error; e--mean difference between affected and normal muscles; p-statistical significance
evaluated by paired t test.

Table 5 Half-relaxation time of flexor carpi ulnaris muscle in children with brachial plexus birth palsy

Extent ofmuscle weakness Half-relaxation time (ms) d (A-N) p

Affected muscle (A) Normal muscle(N)

Moderaten=7 58-6 53-1 5 3 <0-02
SE 3-3 3-2 1-7
Range 450-74-1 45-5-68-1 0-5-10-4

Severe n=10 x 87-4 59 2 28-2 < 0-002
SE 8-0 4 0 6-0
Range 59-5-140-0 450-85 0 66-55-0

n-number of children; x-mean; SE-standard error; eL-mean difference between affected and normal muscles; p--statistical significance
evaluated by paired t test

Age differences T1R2
P>0-05

Infants 2 Children

p>005

CT2

CT1 p<0e05
i 005aeeaetp>0a0e

normal affected normal affected normal affected

Fig 3 Comparison between
infants (n=8) and children
(n=9) of the examined
parameters in normal and
affected flexor carpi ulnaris
muscle. CT-contraction time;
CT1-time to peak rate of
tension development; CT2 time
from peak rate to the end of
contraction; TIR-half-
relaxation time; p-level of
significance comparing values
of infants and children.

Discussion with that of the contralateral normal muscle in
order to assess the extent of the weakness. This

In the present study isometric twitch tension of the gave us the opportunity to study the influence of

paretic flexor carpi ulnaris muscle was compared the extent of the muscle weakness on its con-
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tractile properties. The insignificant difference
between twitch tension of the paretic muscle and
the normal one in the group with moderate weak-
ness probably results from a slight degree of
partial denervation or from a well pronounced
process of reinnervation for this extent of
weakness or both.

In the present study all examined parameters
of the contractile properties of the affected muscle
(Cr, CT,, CT2 and T'R) were prolonged in the
group of children with severe weakness. In
children with moderate weakness only TiR was
prolonged, but this prolongation was considerably
smaller than that in those with severe weakness.
These results suggest that changes in contractile
properties following denervation and reinnervation
were influenced by the extent of muscle weakness.
Hence, severe denervation and poor recovery of
twitch tension were accompanied by slowing of
the velocity properties of the muscle.

Studies on partially denervated and reinnervated
muscles in adult patients have equivocal findings
for CT and T'R.12-"5 Buchthal et al'2 examining
CIT of small bundles of muscle fibres in brachial
biceps muscle and in anterior tibial muscle in adult
patients found prolonged CT and the range of the
histogram of CT diminished by 60%. Prolonged
CT and T-R was found also in partially denervated
extensor hallucis brevis muscle," in the first dorsal
interosseus muscle" and in motor units from the
same muscle.'4
The present study confirms earlier ones"2-15 in

showing that there are prolonged CT and TiR in
partially denervated human muscles but it differs
in that it examined a muscle affected at birth and
it gave an account of the influence of the extent
of muscle weakness on the contractile properties.
The adult pattern of contractile characteristics

of mammalian muscles develops before and after
birth.1819 Postnatal development of muscle con-
tractile properties in animals is impaired after
denervation.' 5 91011 In the present study the
normal flexor carpi ulnaris muscle showed slow-
ing of its velocity properties in children compared
with infants. These changes are similar to the
changes found in normal infants and children,17
and reflect age differences occurring during
development. Such age differences, however, were
not found in partially denervated flexor carpi
ulnaris, which showed marked prolongation of all
examined parameters irrespective of age. More-
over, in several patients the values of CT in the
affected muscle were in the range of those found
by Gatev et al17 in the slow-twitch triceps surae
muscle in normal infants and children. These

results suggest that denervation at birth impairs
developmental changes of muscle contractile
properties, which would normally occur during
this age period.
The slowing of muscle contraction in adult

patients with denervating process has been
assumed to be the result of an unusually high
proportion of slow fibres,'2 and slow twitch
units," '4 among the surviving population. This
assumption was based on the finding of an increase
of cross-sectional area of slow fibres in muscles
of patients with lesions of the brachial plexus,'2
and of a predominance of motor units with longer
CT in patients with neuropathies."4
The slowing of the velocity properties of

partially denervated muscle in man might be due
to changes in the contractile component of the
muscle, or to changes in the muscle's series-elastic
element. Time to peak rate of tension development
depends on the duration of the active state, which
reflects mainly the properties of the contractile
component. The rate of muscle relaxation depends
on the decay of active state, which reflects the
kinetics of cross-bridge turnover, and the proper-
ties of the muscle's series-elastic element.19
The present study demonstrates that time-to-peak
rate was prolonged in severe partial denervation,
so it is reasonable to suggest that the contractile
component of the muscle is involved. However, it
is very likely that muscle series-elastic element
also is involved after denervation by proliferation
of connective tissue in the muscle, resulting in
prolongation of T2R. Reduced rate of relaxation
has been found in diseases quite different from
denervation, such as progressive muscular dys-
trophy2l and in hypothyroidism.22 23 Therefore it
is probable that different factors and mechanisms
are involved in these changes.
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