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Abstract

movement scale.

these parameters also increase with age.

Background: Muscle weakness is a widespread problem in children with Erb’s palsy as it can cause changes in
muscle architecture parameters, which can be detected by ultrasonography. This study was conducted to
determine the relation between age, muscle architecture, and muscle strength in children with Erb’s palsy. A total
of 40 children with Erb’s palsy from both sexes aged 1-2.5 years were included in this study. Muscle thickness and
pennation angle were measured by ultrasonography, and muscle strength was measured using the active

Results: A significant relation was found between age, muscle thickness, pennation angle, and muscle strength (P
< 0.05). Moreover, a significant difference was found in muscle architecture parameters during relaxation and
contraction in both study groups and in each study group (P < 0.05).

Conclusion: Muscle weakness in children with Erb’s palsy has an effect on muscle architecture parameters, and

Keywords: Erb’s palsy, Pennation angle, Muscle thickness, Muscle strength

Key messages
There is a strong correlation between muscle architec-
ture and activity.

The active movement scale can be used to evaluate
muscle strength in infants with Erb’s palsy without the
need of cooperation.

Muscle thickness and pennation angle increase mark-
edly with muscle contraction.

Background

Brachial plexus palsy (BPP) is an injury to the total or a
part of the brachial plexus during birth. The incidence
of BPP has been reported to be 0.42—4.6 per 1000 live
births, with variable degrees of severity [1]. Erb’s palsy
includes affection of the C5 and C6 roots of the brachial
plexus, which causes weakness of several muscles such
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as the deltoid, biceps, brachialis, infraspinatus, supraspi-
natus, and serratus anterior muscles; the rhomboids, le-
vator scapulae, and supinator muscles are also involved
[2]. The injured upper limb is held in a “Waiter’s tip” ap-
pearance, which presents extension and internal rotation
of the arm, pronation of the forearm, and flexion of the
wrist. Absence of the Moro reflex in the arm with intact
grasping of the hand in the same side indicates that the
case is diagnosed as Erb’s palsy [3].

Examination of the musculoskeletal system is one of
the most important applications for diagnostic radio-
logical imaging [4]. Contractility is a property of muscle
tissue that enables it to adapt its architecture to different
stresses. In addition, the structure of the muscle corre-
lates strongly with its activity [5]. One of the primary de-
terminants of muscle function is its architecture, which
is the internal arrangement of fibers within the muscle
in relation to the axis of force generation [6]. Muscle
ultrasound is a convenient technique that can be used to
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visualize the normal and pathological muscle tissue as it
is noninvasive and can be performed in real time [7].
Measurements of muscle architecture comprise muscle
thickness quantification, pennation angle, and fascicle
length in addition to physiological and anatomical cross-
sectional areas [8]. Muscle thickness is evaluated by
measuring the perpendicular distance between the
superficial and deep aponeuroses on the image [6]. Vari-
ous studies have shown that muscle thickness can be an
indirect indicator of muscle strength [9]. A direct rela-
tionship exists between the number of sarcomeres that are
arranged in parallel (muscle size) and the amount of force
that is produced by the muscle [8]. Pennation angle is
evaluated by measuring the angle between the deep apo-
neurosis and the line of the fascicle [8]. The pennation
angle could change up to 120-170% between rest and
maximum isometric contractions at a definite joint angle.
Therefore, neglecting this effect of contraction on the pen-
nation angle can lead to large miscalculations of muscle
force and joint moment [10]. The US quantification of the
muscle architecture provides information about the effects
of neuromuscular disorders on the muscle or the docu-
mentation of treatment effects [6].

The active movement scale (AMS) is a reliable tool to
evaluate muscle strength in infants with obstetric BPP
[11]. The AMS has several advantages as it can be suit-
ably used in small children and does not require per-
forming the task on demand. Moreover, the joint is
assessed totally, not only on individual muscle testing, and
the scale can be used in both preoperative and postopera-
tive cases. In addition, the first 4 grades are scored accord-
ing to the improvement throughout the entire range of
motion with elimination of gravity, which already indicates
a muscle contraction but without useful function. Conse-
quently, the useful muscle contraction begins when the
patient is midway to full recovery [12].

Understanding the muscle architecture parameters
and their changes according to age and muscle activity
can help in designing the rehabilitation program and to
select the suitable exercises that can affect muscle
strength and thereby its architecture. We hypothesized
that a relation exists between age, muscle architecture,
and muscle strength in children with Erb’s palsy.

Methods

This study was conducted at the outpatient clinic of the
Faculty of Physical Therapy, Cairo University, in 2019
according to the code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments in-
volving humans. Ethics approval from the Faculty of
Physical Therapy, Cairo University, Egypt (no. P.T.REC/
012/002232), and a signed written consent form with
parent acceptance for participation in the study and
publication of the results were obtained before starting
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the study procedures. A total of 40 children with Erb’s
palsy selected from both sexes aged from 1 to 2.5 years
were included in this study. The inclusion criteria were
children with Erb’s palsy with lesion only at the C5 and
C6 nerve roots, having persistent muscle weakness, and
with adequate cooperation to allow the radiologist to
position the arm in the correct manner for ultrasonog-
raphy. The exclusion criteria were children with lesion
at other roots of the brachial plexus and with a previous
history of upper limb trauma or surgery in the affected
and nonaffected sides.

Sample size was calculated according to the assump-
tion of presence of significant correlation between
muscle thickness and age in either affected or nonaf-
fected sides, with @ = 0.05, two sided, power of 80%, and
correlation coefficient equal to 0.43. So a sample size of
40 patients would be required (GPower 301 http://www.
psycho.uni-duesseldorf.de)

Ultrasonography (device type GE LOGIQ P6) with a
frequency of 7.5 MHz was used to measure muscle
thicknesses and pennation angles of the anterior deltoid
muscle [8]. In addition, the AMS was used to measure
the strength of the anterior deltoid muscle [11].

First, the researcher collected the personal details from
the children’s parents, including name, age, and address.
Then, the protocol and the benefits of the study for their
children were explained to the parents.

Muscle architecture parameters (pennation angles and
muscle thicknesses) of the anterior deltoid muscle were
measured by ultrasonography during contraction and re-
laxation. First, the child was placed comfortably in the
supine or sitting position facing the radiologist with the
shoulder in the anatomical position. To obtain accurate
measurement, the radiologist used a suitable amount of
contact gel for acoustic coupling and performed the pro-
cedure without exerting high pressure on the muscle. A
longitudinal section image was taken at the middle of
the anterior deltoid muscle, while the researcher was
seated beside the patient to guide the child’s arm during
relaxation and contraction. If the child did not under-
stand the order of contraction by demonstrating the
shoulder flexion, the researcher stimulated the child to
contract the anterior deltoid muscle by scratching or
squeezing over the muscle. After capturing the images
by ultrasonography, the images were entered into the
personal computer of the researcher in the “AutoCAD”
program that was used to measure the tested parame-
ters. The pennation angle was measured by drawing two
lines; the first line was drawn parallel to the fascicle, and
the second line was drawn parallel to the deep aponeur-
osis or bone. The angle between the two lines repre-
sented the pennation angle. Muscle thickness was
measured by drawing a vertical line between the superfi-
cial aponeurosis and the deep aponeurosis or bone.
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Measurements were taken three times for each param-
eter (in each image), and the mean of the three measure-
ments was calculated, recorded, and saved to an Excel
sheet. These steps were performed for images of both
contraction and relaxation as well (Figs. 1 and 2).

For measurement of muscle strength, the examiner
used the AMS to check the anterior deltoid muscle. This
scale assesses the muscle strength with elimination of
gravity and against gravity. First, the researcher started
testing with elimination of gravity (such as the side-lying
position). The child was placed in the side-lying position
with shoulder adduction and elbow extension and was
encouraged to flex his/her shoulder by squeezing the an-
terior deltoid muscle or by trying to touch a toy. Then,
the child was given a grade for the anterior deltoid
muscle according to the AMS. The nonaffected side was
tested in the same manner and was used as a reference
for comparisons. If the child completed the range with
elimination of gravity, the researcher started the testing
against gravity from an upright position such as sitting
or standing with the upper limb beside the trunk. The
researcher encouraged the child to flex his/her shoulder
against gravity and gave the child a grade according to
the AMS (Fig. 3).

Data analysis

Results are expressed as mean + standard deviation. For
assessing normality, the Kolmogorov—Smirnov test was
used to measure the distribution of data. Accordingly,
for data that were normally distributed, the comparison
between variables in the two sides was performed using
an unpaired t-test. Comparison between relaxation and
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contraction status was performed using a paired ¢-test.
The correlation between different variables was evalu-
ated using the Pearson correlation coefficient. The Stat-
istical Package for Social Sciences computer program
(version 19 windows) was used for data analysis. P value
< 0.05 was considered to be statistically significant.

Results

The age of the study participants ranged from 1.0 to 2.5
years, with a mean (+ SD) age of 1.65 + 0.55 years. The
sample included 23 boys (57.5%) and 17 girls (42.5%)
(Table 1).

There was a significant difference in muscle thick-
ness and pennation angle during contraction and re-
laxation between the two examined sides, except for
the pennation angle during relaxation that showed no
significant difference. In addition, a significant differ-
ence was found in muscle thickness and pennation
angle during contraction and relaxation in each study
group (Table 2).

Furthermore, there was a significant correlation
between age, muscle thickness, pennation angle,
and muscle strength (AMS), but there was no rela-
tionship between muscle thickness and muscle
strength (Figs. 4, 5, 6, 7, and 8).

Discussion

This study was conducted to analyze the relation be-
tween age, muscle architecture, and muscle strength in
children with Erb’s palsy and to compare the architec-
ture parameters in both study groups during contraction
and relaxation and also in each group between

Fig. 1 Measurement of pennation angle of the anterior deltoid muscle by ultrasonography
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Fig. 2 Measurement of muscle thickness of the anterior deltoid muscle by ultrasonography

relaxation and contraction. As the majority of children
with Erb’s palsy have abnormal reaching as they reach
with an abducted arm, this refers to the weakness of the
anterior deltoid muscle that is responsible for shoulder
flexion. Our results confirmed the presence of a signifi-
cant correlation between age, muscle thickness, penna-
tion angle, and muscle strength, but no relationship was
detected between muscle thickness and muscle strength
in the affected side. Furthermore, a significant difference
was found in muscle architecture parameters during
contraction and relaxation between the two examined

Fig. 3 Application of the active movement scale for the anterior
deltoid muscle

sides and also between contraction and relaxation in
each side. The significant correlation between age and
muscle architecture parameters found in this study is
consistent with a previous report [13] that showed that
pennation angle values increase from birth and stabilize
after adolescence. Our results are also consistent with
another study [14] wherein it was found that the muscle
thickness increases with age from 2 to 16 years in
healthy children. The increase in the muscle architecture
parameters with age may be due to the ongoing matur-
ation and development of children as the muscle size
increases.

The significant correlation between muscle thickness
and pennation angle found in the present study is also
reinforced by a previous investigation [15], which ana-
lyzed the relationship between pennation angle and
muscle thickness in normal individuals and observed a
significant correlation. In addition, another previous

Table 1 General characteristics of the study subjects

Mean age (+ SD) 1.65 + 0.55
Affected side
Right 21 (52.5%)
Left 19 (47.5%)
Sex
Boys 23 (57.5%)
Girls 17 (42.5%)

Data are expressed as mean + standard deviation or number (%)
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Table 2 Comparison between the mean values of muscle thickness and pennation angle (relaxation and contraction) in the two

examined sides and in each side

Nonaffected (n = 40) (mean + SD) Affected (n = 40) (mean + SD) P value
Muscle thickness (cm)
Relaxation 115+ 023 1.05 + 023 0.043 (5)
Contraction 129 £ 024 114 £ 023 0.006 (5)
P value 0.001 (S) 0.001 (S)
Pennation angle (degrees)
Relaxation 1355 + 221 1272 + 203 0.085 (NS)
Contraction 1512 £ 224 13.62 + 223 0.004 (5)
P value 0.001 (S) 0.001 (5)

NS, P> 0.05 = not significant; S. P < 0.05 = significant

study [13] showed that the pennation angle has a direct
relationship with muscle thickness. Furthermore, a cor-
relation between pennation angle and muscle volume
has been reported [16]. The results of the present study
revealed a significant correlation between pennation
angle and muscle strength, which is consistent with the
previous study [16] reporting an increase in the penna-
tion angle after strength training of the vastus lateralis
muscle that increases the muscle volume by 10%. How-
ever, a negative correlation between pennation angle and
joint force has been reported [17]. As the muscle volume
increases, the muscle thickness and the pennation angle
increase as a normal response to increasing age or to
strength training.

The nonsignificant correlation found between muscle
thickness and strength in this study is in contrast to a
previous report [18], which showed that muscle strength

is related to muscle volume as indicated by the muscle
cross-sectional area and thickness. In addition to these
results, another study [19] found that there is a strong
relationship between the thickness of the quadriceps
muscle and maximum voluntary contraction. According
to these results, a nonsignificant correlation exists be-
tween muscle thickness and strength of the anterior del-
toid muscle in children with Erb’s palsy. However, we
observed that muscle thickness was significantly reduced
in the affected side. This could be due to the little differ-
ence at young age (from 1 to 5 years), but the correl-
ation between muscle thickness and strength may
change over time during the growth period due to lower
mobility, disuse atrophy, and muscle weakness. Further-
more, these differences were associated with changes in
muscle strength; therefore, an appropriate exercise pro-
gram designed to improve muscle strength during the

1.0 o o o o o o o

T

T T T T T T T T T
06 07 08 09 10 11 12 13 14

T T T
15 16 17 18

Muscle thickness non affected during contraction

(@)

Fig. 4 a Correlation between age and muscle thickness in the nonaffected side during contraction (r = 0.596; P = 0.001). b Correlation between
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growth spurt may be required. Therefore, the results of
this study could not reveal the time required for muscle
thickness to change with age, which indicates that a
large sample size is required to generalize this result and
make further predictions and assumptions to investigate
the relationship of muscle thickness and muscle strength
with age in children [20]. Also, this nonsignificant cor-
relation may be due to the lack of activity of these chil-
dren at this young age, which is exacerbated by the

neurological affection that limits the muscle thickness
and strength to some extent.

The results of this study also showed that there is a
significant difference in muscle architecture parameters
during relaxation and contraction between the two ex-
amined sides, except for the pennation angle during re-
laxation that showed no significant difference. The
significant difference between both sides in the penna-
tion angles during contraction is consistent with a
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Fig. 8 Correlation between AMS and pennation angle in the affected side during contraction (r = 0.390; P = 0.013)
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previous report [21] wherein the authors claimed that in
case of disuse atrophy, the pennation angle of muscle fi-
bers is reduced compared to that in healthy young per-
sons, which is largely due to the decreased amount of
contractile tissue. However, this finding does not agree
with the results of comparison of pennation angles during
relaxation. It has been reported that a decreased muscle
size is associated with changes in fascicle length and pen-
nation angle after a time of disuse [22]. On the other hand,
in a previous study [23], the authors claimed that with a
decrease in physical activity, there were no significant
changes in muscle architecture in the antigravity muscles
such as the biceps brachii and tibialis anterior; however,
this agrees with our results only in the comparison of pen-
nation angles during relaxation between both groups. This
significant difference in muscle architecture between both
sides may be due to the muscle weakness and the decrease
of functional activities in the affected side. Therefore, we
expected a marked difference in the pennation angle dur-
ing relaxation that exhibited a nonsignificant difference.

In addition, the significant increase in the muscle
architecture from relaxation to contraction in each side
is in agreement with an earlier report [24] showing that
the pennation angle of a given muscle increases as the
muscle fibers shorten, that is, muscle fiber rotation oc-
curs during fiber shortening. Another study [25] found
that the thickness of the proximal semitendinosus
muscle increased with contraction on both the un-
affected and affected sides after hamstring strain injury.
The significant increase in muscle thickness and penna-
tion angle from relaxation to contraction observed in the
present study may be due to the increase in muscle size
during contraction that alters the muscle architecture.

Limitations of the study

The current study has some limitations. First, measure-
ments were performed only on the middle area of the
muscle; it has been shown that the muscle architecture
can vary throughout the muscle length. Secondly, the
study was limited to measurement of muscle thickness
and pennation angle, whereas other parameters such as
fascicle length were not measured. Thirdly, the study
was limited to evaluation of only the anterior deltoid
muscle. Fourthly, the sample size of participant popula-
tion is small.

Conclusion

Muscle weakness in children with Erb’s palsy may affect
muscle thickness and pennation angle at this age, and as
age advances, these parameters will change. Therefore,
while designing a rehabilitation program for these chil-
dren in this age group, it is important to consider the
changes in the muscle architecture of the affected side
to achieve the appropriate function.
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