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Abstract

Objective: To compare the kinematics and muscle activity of subjects with facioscapulohumeral dystrophy (FSHD) and healthy control subjects

during the performance of standardized upper extremity tasks.

Design: Exploratory case-control study.

Setting: A movement laboratory.

Participants: Subjects (NZ19) with FSHD (nZ11) and healthy control subjects (nZ8) were measured.

Interventions: Not applicable.

Main Outcome Measures: Kinematic data were recorded using a 3-dimensional motion capturing system. Muscle activities, recorded using

electromyography, were obtained from 6 superficial muscles around the glenohumeral joint. Shoulder elevation and elbow flexion angles, and

maximum electromyographic activity during the movements as a percentage of maximum voluntary contraction (MVC) were calculated.

Results: Kinematic differences between the FSHD group and the healthy control group were found in the shoulder elevation angle during single

shoulder movements and both reaching tasks. In general, subjects with FSHD had higher percentages of muscle activation. The median activity of

the trapezius was close to the MVC activity during the single shoulder movements. Moreover, deltoid and pectoralis muscles were also highly

active.

Conclusions: Higher activation of the trapezius in subjects with FSHD indicates a mechanism that could help relieve impaired shoulder muscles

during arm elevation around shoulder height. Compared with healthy subjects, persons with FSHD activated their shoulder muscles to a greater

extent during movements that required arm elevation.
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Muscular dystrophies, although varying in type and severity, are
more or less progressive and disabling in time.1 Some forms of
muscular dystrophy become symptomatic in infancy or childhood,
whereas others do not become symptomatic until middle age or
later. Facioscapulohumeral dystrophy (FSHD) is an autosomal
dominant, slowly progressive type of muscular dystrophy. It is one
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of the most common inherited muscular dystrophies, with an
estimated prevalence 1 per 21,000 persons in the general popu-
lation.2,3 In FSHD, the first signs of weakness are in the muscles
of the face and shoulder girdle.4,5 Weakness of the shoulder girdle
muscles results in impairment of arm function, including move-
ments above the shoulder level5 and limitations in performing
daily activities.6 When persons have weakened shoulder girdle
muscles and move their arms to carry out daily tasks, contraction
of the relatively spared shoulder girdle muscles results in pro-
traction and medial rotation of the scapula. The inferior angle of
the scapula tends to rotate medially, and the scapula separates
from the ribcage. This so-called scapular winging is most apparent
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in upper extremity (UE) abduction but can also be found in UE
forward flexion.7 When healthy subjects achieve a full range of
shoulder motion, upward rotation and elevation of the scapula
takes place.8,9 In contrast to healthy subjects, persons with FSHD
cannot rotate the scapula laterally and are therefore unable to
achieve a full range of shoulder motion. Furthermore, because of a
decreased acromiohumeral space, there is an increased risk of
impingement.

Persons with FSHD have an increased impingement risk
because of the use of compensatory movements, such as ballistic
movements, in order to lift the upper arm and overcome the lack
of strength of the scapular-stabilizing muscles and ultimately to
rotate the scapula. Innovative arm supports may help persons with
FSHD perform arm activities that would cost considerable effort
or possible damage. To develop such support systems, knowledge
of UE kinematics and muscle activity in FSHD is needed.

Several studies have focused on quantifyingUEmovementswith
different techniques. Basic arm function in FSHD has often been
quantified using the Brooke scale,10-14 which is an observational
scale ranging from 1 to 6 (a higher score indicates more limitation in
arm function). More specific knowledge concerningmuscle activity
is confined mainly to manual muscle testing (MMT) of muscle
groups during performance of joint movements such as elbow
flexion.6,10,12,13 Some studies presentMMTscores ofmuscle groups
instead of overall scores only.10 However, the strength of an indi-
vidual muscle can hardly be measured, and using MMT provides
very limited knowledge on the coordination between muscles. Co-
ordination of UE muscles during reaching tasks has mostly been
studied in healthy elderly persons15,16 and those who have had a
stroke.17,18 Only 1 study14 to date has described UE kinematics and
muscle activation in FSHD. In that study, the movement and muscle
activity of the biceps brachii, triceps, and deltoid of a group of
personswith FSHDwere described during a simulated drinking task
and were compared with a group of healthy controls. The pattern of
muscle activity and movement in the FSHD group during the
simulated drinking task involvedmore cocontraction ofmuscles and
more abduction and flexion of the shoulder and elbow joints
compared with the movement pattern of healthy controls.14 Elec-
tromyographic activity as a percentage of the maximum voluntary
contraction (%MVC) was also higher in the FSHD group compared
with healthy controls. Bakhtiary et al14 also hypothesized that in-
dividuals with FSHD have fewer intact muscle fibers and will
therefore recruit a higher percentage of the remaining muscle fibers
to perform tasks. Bakhtiary’s study14 provided the first knowledge
of the arm function in FSHD during 1 daily task. However, muscles
that are responsible for stabilizing the scapulawere not investigated.

The aim of the current study was to gain a deeper under-
standing of shoulder and elbow movements in FSHD. The purpose
was to investigate the kinematics of the UE and the involvement of
specific proximal muscles during singular joint movements,
reaching tasks, and gross motor tasks in persons with FSHD and
healthy controls.
List of abbreviations:

FSHD facioscapulohumeral dystrophy

MMT manual muscle testing

%MVC percentage of maximum voluntary contraction

MVC maximum voluntary contraction

SAA shoulder abduction-adduction

SFE shoulder flexion-extension

UE upper extremity
Methods

Participants

Eleven persons with FSHD (4 men, 7 women; mean age � SD,
33.9�11.5y; 10 right dominant, 1 left dominant) and 8 healthy
volunteers (5 men, 3 women; mean age � SD, 49.9�9.8y; all right
dominant) participated in the study. The dominant side was tested
in all persons. All persons gave written informed consent. None of
the healthy participants had a history of musculoskeletal or
neurologic problems. Persons with FSHD were recruited by an
invitation letter from the Dutch patient organization of persons
with muscle diseases (Spierziekten Nederland). All persons with
FSHD scored 2 to 3 on the Brooke scale,19 which meant they were
able to raise a 250-mL glass of water to the mouth. Subjects were
excluded if they had sustained previous upper limb trauma (eg,
bone fractures or surgery). Ethical approval was obtained for the
study (Ethical Committee Arnhem-Nijmegen, NL39024.091.11),
and the study was conducted in accordance with guidelines of the
Helsinki protocol.

Data recording

All assessments were performed using a standardized protocol at
a motion analysis laboratory (Maastricht University, The
Netherlands). The movements were recorded with an 8 Vicon MX
camera systema operating at a frequency of 200Hz, and the data
were filtered using spline interpolation (Woltring). Reflective
markers were attached on the subject’s body following the guide-
lines of the upper limb model20 (fig 1). Because the scapula rotates
underneath the skin, it is difficult to detect rotation and tilting of the
scapula with this method.
Fig 1 Marker setup for unassisted movements.
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The movement protocol consisted of 2 single-joint movements
(shoulder abduction-adduction [SAA] and shoulder flexion-
extension [SFE]), 2 forward-reaching tasks at shoulder level (to
the ipsilateral side and contralateral side), and 2 gross motor tasks
(hand to mouth and pulling/pushing of an object on a table).
Electromyographic data from the biceps brachii, deltoid (lateral
part), triceps brachii, trapezius (upper part), pectoralis major
(clavicular part), and latissimus dorsi (important during UE
adduction21) muscles were collected with Delsys Trigno sensorsb

operating at 2kHz. The serratus anterior is also important for
coordinated UE movements and scapula stabilization. However,
since the serratus muscle is composed of several bellies, it cannot
be measured reliably using this method of bipolar surface elec-
trodes and was left out of this protocol. Sensors were attached
following the guidelines by the SENIAM group22 and Delagi
et al.23 The skin was prepared by shaving the skin surface if
needed and cleaning the skin with alcohol. Each task consisted of
3 repetitions of the same movement with a common start and
endpoint, and at self-selected speed. Each of the healthy partici-
pants was asked to sit on a height-adjustable chair without a
backrest. During the reaching and the gross motor tasks, a table
was also placed in front of the subject. When the table was used,
the height of the chair was adjusted until the elbow angle was 90�

with the hand resting on the table and the upper arm in a vertical
position (see fig 1). The target for the reaching tasks was placed at
arm length and 1 shoulder width on the ipsilateral or contralateral
side at shoulder level. In the SAA and SFE tasks, subjects were
instructed to complete the task up to their maximum voluntary
Table 1 Tasks that were executed by the participants

Movement Instructions

Single joint movements

Shoulder abduction-

adduction

Move the arm sideward/upward as far as

the start position. Keep the arms stra

forward.

Shoulder flexion-

extension

Move the arm forward/upward as far as p

the start position. Keep the arm strai

inward.

Reaching tasks

Reach up ipsilateral

� Active protraction scapula

Reach toward the target at shoulder hei

Reach up contralateral

� Active protraction scapula

Reach toward the target at shoulder hei

contralateral side.

Gross motor tasks

Bring the hand to the

mouth

� Active flexion

� Active supination

� Passive pronation

Bring the fingers of the hand to the mou

the table top. Wrist about 20cm in fro

Pushing-pulling Push the object as far as possible forwar

moving the chest and then pull it bac

as reference to follow a line on the tab

middle.

NOTE. Not all participants were wheelchair bound; the figures are intended o

www.archives-pmr.org
active range of motion. The starting point for the hand in the
reaching tasks and the hand to the mouth movement was on the
table at the subject’s midline and about 20cm from the abdomen.
Table 1 summarizes the tasks.

Before execution of the set of movements, participants were
asked to perform MVCs to record the maximum electromyo-
graphic activity for each of the 6 muscles. The electromyographic
activities of the muscles were recorded during 3 seconds of iso-
metric MVC, and each test was performed twice for each muscle.
During execution of the MVCs, the subject was encouraged
verbally to produce the maximal contraction. The positions in
which the MVC were performed are summarized in table 2.
Data processing

Analysis of kinematic parameters
The joint angles were calculated using the Vicon upper limb
model. For each person and each task, the mean of the maximum
upper arm elevation and minimum and maximum elbow flexion
angle of the 3 repetitions was calculated. Upper arm elevation was
used because the clinical terms “flexion” and “abduction” can be
confusing. Flexion followed by abduction would give different
results than abduction followed by flexion.24 Flexion is elevation
parallel to the sagittal plane, and abduction is elevation in the
frontal plane. For both the control group and the FSHD group, the
median values of maximum upper arm elevation and minimum
and maximum elbow flexion angle were also calculated. The
Start Position End Position

possible and move the arm back to

ight and the hand palm facing

ossible, then bring the arm back to

ght, with the hand palm facing

ght on the ipsilateral side.

ght and 1 shoulder width on the

th and back to the start position on

nt of abdomen.

d from the starting position without

k. Use the lateral edge of the object

le put at 1 shoulder width from the

nly for illustrative purposes.
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Table 2 MVC starting positions and instructions

Muscle Start Position Instruction

Biceps brachii 90� elbow flexion, palm facing upward. Examiner takes the hand and

provides resistance to resist elbow joint flexion.

Flex the elbow as hard as possible, against

the examiner’s hand.

Deltoid (lateral part) 45� of shoulder abduction and extended elbow. The examiner holds

the arm and resists abduction of the shoulder.

Abduct the arm against the force

generated by the examiner’s hand.

Triceps brachii 90� elbow flexion and 90� abduction. The examiner supports the elbow
and holds the wrist, to resist elbow joint extension.

Extend the elbow against the examiner’s

hand.

Trapezius (upper part) Arms hanging vertically beside the trunk. The examiner’s hands are

placed on top of the shoulders, to prevent upper arm elevation.

Elevate both shoulders, against the

examiner’s hands.

Pectoralis major

(clavicular part)

Upper arm abducted 90� and the elbow flexed in 90�. One hand of the

examiner supports the forearm, while the other hand is used to

resist adduction and flexion of the shoulder in the horizontal plane.

Flex the upper arm against the hand of

the examiner at the upper arm.

Latissimus dorsi 90� shoulder abduction, 90� elbow flexion, and external rotation of

the upper arm. One hand of the examiner supports the elbow to

resist adduction of the shoulder, while the other hand is used to

keep the wrist in position.

Adduct the upper arm.

1734 A. Bergsma et al
upper arm elevation and elbow flexion angles were selected
because they are most influenced by the effects of gravity and
would thus require a greater muscle activity to compensate for the
weight of the arm. To avoid a confounding effect resulting from
the starting and finishing of the movement, the second repetition
of each task was used for further analysis. The movement of the
hand marker was considered as the starting point. The duration of
each movement was compared between the control group and the
FSHD group.

Electromyographic activity
The recorded electromyographic data were filtered with a fourth-
order Butterworth bandpass filter from 20 to 450Hz and then
rectified. For each person and each muscle, an MVC norm value
was calculated. This was defined as the maximum value of the
rectified signal of both MVC contractions. The %MVC of the
activities was then expressed as the electromyographic signal
divided by the MVC norm for the corresponding muscle. For each
movement, muscle, and person, the mean of the maximal %MVC
of the 3 repetitions was then calculated. Moreover, the muscle
activation patterns were analyzed by comparing the onset times of
the individual muscle contractions. For each task, the onset time of
a muscle was calculated for the second repetition. The onset time
was defined as the percentage of the duration of the movement
where the electromyographic activity was higher than 20% of the
maximum electromyographic value for a period of at least 0.2
seconds during that specific movement (fig 2).

Statistics

The data were not normally distributed, so the median and inter-
quartile ranges were used to describe the data. The nonparametric
Wilcoxon rank-sum test was used to compare the medians be-
tween the FSHD group and the healthy control group for each
task; the effect size was also calculated. The significance level was
set at aZ.05.

Results

Only 1 person with FSHD was able to elevate the arm above
120� during the 2 single joint movements of SAA and SFE. All
persons were able to complete the reaching tasks and the gross
motor tasks. Three tasks (SAA, reach up ipsilateral, reach up
contralateral) were performed significantly slower (completion
time approximately 25%e40% slower) by the FSHD group than
by the healthy control group. Table 3 gives the kinematic and
electromyographic parameters recorded during execution of
different tasks, from the FSHD and the control group.

Arm kinematics

The data depicted in figure 3 represent the upper arm elevation
angles of the healthy control group and the FSHD group. Sig-
nificant differences between the FSHD group and the healthy
control group were found in the upper arm elevation angle during
SAA and SFE movements and during the 2 reaching tasks (see
table 3). A larger variance was found in the maximum upper arm
elevation angle of the SAA and SFE movements in the FSHD
group. In addition, the FSHD group showed less extension of the
elbow during the contralateral reaching task (fig 4, see table 3).
Significant differences were found in the duration of the shoulder
abduction movement, the ipsilateral reaching task, and the hand to
the mouth task (PZ.02, PZ.04, and PZ.01, respectively).

Muscle activation

On average, the maximum electromyographic activation as
%MVC was significantly higher in the FSHD group than in the
control group (table 4, fig 5). During the SAA movement, the
trapezius activity in the FSHD group was significantly higher than
that of the control group (respectively, 115% and 35%). In addi-
tion, during the 2 reaching tasks, the maximum trapezius activity
was also significantly higher in the FSHD group (median 59% and
47% of MVC in the FSHD group vs 10% and 13% in the control
group). Compared with the healthy control group, in the FSHD
group the maximum biceps brachii activity was significantly
higher during the SFE movement and both reaching tasks, which
included upper arm elevation and flexion. Moreover, the
maximum activity of the biceps during these movements was
higher than during the hand to the mouth task. During the SFE
movement and the reaching tasks, the maximum triceps activity
was also significantly higher in the FSHD group. The maximum
activity of the deltoid muscle was only significantly higher in the
FSHD group compared with the control group during the
www.archives-pmr.org
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Fig 2 Onset time of the muscle activity. The continuous line represents an EMG signal, and the dashed line indicates when the muscle activity

was more than 20% of the maximum EMG value for a period of at least 0.2 seconds. The circle represents the point that is considered as onset time

of the muscle activity. Abbreviation: EMG, electromyographic.

Arm function in facioscapulohumeral dystrophy 1735
ipsilateral reaching task and the hand to the mouth task. The
maximum activity of the pectoralis was significantly higher in the
FSHD group during all tasks. The maximum activity of the la-
tissimus muscle was only significantly higher in the FSHD group
during the hand to the mouth task. Visual inspection of the timing
of muscle activation did not reveal any difference between the
control group and the FSHD group.

Discussion

The aim of this study was to gain a deeper understanding of
shoulder and elbow movements and the shoulder muscle activa-
tion during single joint movements, reaching tasks, and gross
motor tasks in persons with FSHD. The main differences in the
kinematics were found in the upper arm elevation angles, which
were smaller in the FSHD group during shoulder abduction and
flexion movements and the 2 reaching tasks. Only 2 subjects with
FSHD were able to lift their arm to about 90� during shoulder
abduction and flexion. This is in line with the clinical picture of
persons with FSHD. Persons with FSHD also had much higher
muscle activity during task performance in all 6 muscles that were
investigated. The highest activity as %MVC was present in
the trapezius.

To understand the findings, it is useful to differentiate between
2 phases occurring during shoulder abduction, shoulder flexion, or
both. A first phase includes arm elevation between 0 and 90�; in a
second phase, this occurs from 90� and beyond. During the first
phase, the deltoid muscle initiates upper arm elevation together
www.archives-pmr.org
with other scapulohumeral muscles.25 The maximal deltoid ac-
tivity was shown to be lower in the FSHD group than in the
control group for the SAA and SFE tasks. However, this result
could have been induced by the greater arm elevation achieved by
the healthy controls, although a possible sparing of the deltoid
muscle to avoid undesired movements of the scapula could not be
ruled out and should be further investigated. When axioscapular
muscles such as the serratus anterior and trapezius cannot stabilize
the scapula, contraction of the deltoid muscle may not only elevate
the humerus but can also result in undesired movement of the
scapula.25,26

In this study it was hypothesized that the trapezius would be
highly active in FSHD in an attempt to rotate and elevate the
scapula. In a healthy situation, the upper trapezius together with
the lower trapezius and serratus anterior are responsible for sta-
bilizing the scapula to the thoracic cage. The serratus anterior
counterbalances the external moment around the sternoclavicular
and acromioclavicular joints induced by the weight of the arm
during UE abduction and flexion.21 In addition, one of the most
important functions of the trapezius occurs during the second
phase of arm elevation from 90� and beyond when the trapezius is
involved in rotating the scapula together with the serratus ante-
rior.21,25,27 Serratus anterior activity was not recorded in this
study. Inappropriate functioning of the serratus anterior muscle
has, however, been mentioned as a cause for scapular wing-
ing,26,28,29 a clinical symptom that is present in FSHD.26,30

Winging of the scapula results in lower acromion elevation, thus
leading to a lower maximal elevation angle of the humerus.8 The

http://www.archives-pmr.org


Table 3 Maximum angles during execution of tasks

Max Upper Arm Elevation (deg) Max Elbow Flexion (deg) Min Elbow Flexion (deg) Duration (s)

Task Median IQR Median IQR Median IQR Median IQR

SAA

Control 144.9 141.0e145.9 38.7 35.3e44.4 22.6 21.4e27.9 3.8 3.2e5.3

FSHD 65.8 (P<.01*; rZ�.83) 60.5e81.3 41.2 (PZ.49; rZ�.17) 33.5e56.9 21.5 (PZ.60; rZ�.13) 19.9e33.5 5.6 (PZ.02*; rZ�.54) 5.1e7.3

SFE

Control 147.6 144.8e149.7 45.6 35.2e54.3 15.8 13.5e23.4 3.7 3.0e4.3

FSHD 81.6 (P<.01*; rZ�.83) 67.6e96.3 40.1 (PZ.54; rZ�.15) 27.6e53.3 16.4 (PZ1.00; rZ.00) 13.5e22.2 4.7 (PZ.13; rZ�.36) 3.0e6.4

RFUI

Control 83.8 78.0e90.6 98.5 93.2e100.9 20.6 17.3e30.7 2.4 2.1e2.7

FSHD 68.7 (P<.01*; rZ�.74) 66.2e77.1 94.0 (PZ.35; rZ�.23) 91.6e99.0 24.8 (PZ.24; rZ�.28) 16.6e34.8 3.2 (P<.00*; rZ�.63) 2.9e4.1

RFUC

Control 85.6 84.3e93.9 95.7 92.8e105.9 18.6 13.4e23.7 2.4 2.2e2.8

FSHD 69.1 (P<.01*; rZ�.64) 67.1e83.2 96.3 (PZ.97; rZ�.02) 91.9e105.5 26.9 (PZ.01*; rZ�.59) 21.1e38.2 3.2 (PZ.05; rZ�.46) 2.5e3.7

H2M

Control 49.5 42.9e53.1 136.1 131.3e139.6 82.2 78.2e87.8 2.2 1.9e2.6

FSHD 46.2 (PZ1.00; rZ.00) 42.4e59.7 134.5 (PZ.51; rZ�.16) 129.0e138.3 87.5 (PZ.17; rZ�.33) 82.9e94.2 3.8 (PZ.04*; rZ�.47) 2.3e4.0

PP

Control 69.5 63.6e74.4 94.4 92.1e104.4 17.1 14.3e20.2 3.9 3.1e4.2

FSHD 64.7 (PZ.15; rZ�.34) 58.7e68.8 100.3 (PZ.21; rZ�.30) 97.0e105.9 13.2 (PZ.21; rZ�.30) 10.6e23.9 4.7 (PZ.08; rZ�.42) 3.4e5.7

NOTE. Differences between control and FSHD group tested with Wilcoxon rank-sum test; P values and effect sizes are shown in parentheses.

Abbreviations: H2M, hand to the mouth; IQR, interquartile range; Max, maximum; Min, minimum; PP, pushing/pulling; RFUC, reach up contralateral; RFUI, reach up ipsilateral.

* P<.05.
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Fig 3 The data representing the maximum upper arm elevation angle of shoulder abduction (left) and flexion (right). The gray band represents

the 95% confidence interval of the control group, the dashed lines represent the average of the control group, and the red lines represent the

persons with FSHD.

Arm function in facioscapulohumeral dystrophy 1737
maximum %MVC activity of the trapezius was higher in subjects
with FSHD compared with healthy subjects, and was even close to
or higher than its activity during MVC during tasks where
maximal UE elevation was required. This may indicate that the
trapezius contributed to humeral elevation by rotating and
elevating the scapula.

In the control group, the median biceps activity during
movements that required upper arm elevation was lower than
during the hand to the mouth task. In the FSHD group, the
opposite was observed, indicating that the biceps brachii muscle
supports upper arm elevation in FSHD. This is consistent with the
biomechanical function of this muscle that, according to Itoi
et al,31 can also function as an anterior stabilizer of the gleno-
humeral joint and thus assist in forward flexion of the shoulder
joint.31 Bakhtiary,14 who studied the kinematics and electromy-
ography in FSHD during a simulated drinking task, found similar
results. They concluded that the muscles around the shoulder and
rotator cuff are weaker in FSHD, and that the biceps is therefore
recruited as an arm flexor. In the present study, more tasks were
Fig 4 Elbow flexion angles during reaching tasks. The gray band represe

represent the average of the control group, and the red lines represent th

www.archives-pmr.org
investigated. The complex interaction between superficial shoul-
der muscles was evident in muscle activation patterns that showed
more cocontraction in the muscle activity in FSHD compared with
healthy controls. During the reaching tasks, more cocontraction
was present in the deltoid, trapezius, pectoralis, and biceps brachii
muscles. No difference in the starting time was found.

Study limitations

Few methodological aspects can be considered as limitations of
this study. The MVC was performed manually, while resistance
was provided by 1 of the researchers. In some cases, it was
difficult to immobilize the joints properly by hand. The maximum
%MVC activity of the upper trapezius muscle during shoulder
abduction and flexion was close to or higher than the electro-
myographic activity measured during MVC. It is known that
reduced concentration, motivation and fear to contract the muscles
or restrictions in the range of motion can influence a person’s
voluntary effort during MVC.32,33 It is possible that these factors
nts the 95% confidence interval of the control group, the dashed lines

e persons with FSHD.
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Table 4 Maximum electromyographic activation during execution of tasks

Task

Max EMG

Biceps

(%MVC)

Deltoid

(%MVC)

Triceps

(%MVC)

Trapezius

(%MVC)

Pectoralis

(%MVC)

Latissimus

(%MVC)

Median IQR Median IQR Median IQR Median IQR Median IQR Median IQR

SAA

Control 3 3e11 60 45e144 11 5e16 35 18e68 5 3e9 21 15e26

FSHD 16 (PZ.05;

rZ�.46)

8e22 85 (PZ.72;

rZ�.10)

59e95 20 (PZ.09;

rZ�.40)

8e38 115 (P<.01*;

rZ�.64)

68e149 28 (PZ.01*;

rZ�.57)

8e40 16 (PZ.66;

rZ�.11)

9e59

SFE

Control 5 3e16 69 55e122 8 3e11 40 25e57 16 7e20 23 18e29

FSHD 27 (PZ.02*;

rZ�.55)

13e46 56 (PZ.27;

rZ�.27)

45e83 17 (PZ.01*;

rZ�.57)

10e36 95 (PZ.06;

rZ�.44)

30e182 69 (P<.01*;

rZ�.83)

61e98 23 (PZ.84;

rZ�.06)

7e92

RFUI

Control 4 3e7 18 13e23 3 2e4 10 9e15 3 2e8 7 4e16

FSHD 14 (P<.01*;

rZ�.63)

7e32 52 (P<.01*;

rZ�.68)

40e64 10 (P<.01*;

rZ�.70)

6e16 59 (P<.01*;

rZ�.66)

21e141 29 (P<.01*;

rZ�.74)

13e54 18 (PZ.11;

rZ�38)

8e32

RFUC

Control 4 2e8 22 17e27 4 1e5 13 11e22 20 14e24 20 12e33

FSHD 14 (P<.01*;

rZ�.63)

7e34 51 (PZ.05;

rZ�.46)

21e65 11 (P<.01*;

rZ�.72)

7e16 47 (PZ.01*;

rZ�.59)

20e101 81 (P<.01*;

rZ�.78)

45e92 26 (PZ.66;

rZ�.11)

18e57

H2M

Control 6 4e7 3 2e3 1 0e1 6 3e12 8 4e11 3 2e4

FSHD 6 (PZ.15;

rZ�.35)

5e51 6 (P<.01*;

rZ�.65)

4e12 2 (PZ.02*;

rZ�.53)

1e7 7 (PZ.24;

rZ�.29)

6e20 23 (P<.01*;

rZ�.67)

14e101 7 (PZ.02*;

rZ�.53)

3e22

PP

Control 1 1e4 17 11e19 6 3e9 8 6e13 4 2e11 6 5e16

FSHD 5 (PZ.01*;

rZ�.61)

2e17 23 (PZ.24;

rZ�.28)

15e25 23 (PZ.05;

rZ�.46)

6e55 32 (PZ.05;

rZ�.46)

11e43 16 (P<.01*;

rZ�.64)

11e47 16 (PZ.15;

rZ�.34)

6e44

NOTE. Differences between control and FSHD group tested with Wilcoxon rank-sum test; P values and effect sizes are shown in parentheses.

Abbreviations: EMG, electromyography; H2M, hand to the mouth; IQR, interquartile range; Max, maximum; PP, pushing/pulling; RFUC, reach up contralateral; RFUI, reach up ipsilateral.

* P<.05.
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Fig 5 Boxplots of maximum muscle activation as %MVC during performance of predefined tasks. Red bars represent interquartile ranges of the

muscle activity as %MVC on a logarithmic scale of the control group; blue bars represent interquartile ranges of the FSHD group. Plusses represent

outliers, and asterisks represent comparisons that are significantly different. Abbreviations: bic, biceps brachii; del, deltoid; lat, latissimus dorsi;

pec, pectoralis major; tra, trapezius; tri, triceps brachii.

Arm function in facioscapulohumeral dystrophy 1739
influenced the performance of MVC in subjects with FSHD and
consequently resulted in percentages above 100% of MVC during
the execution of movements and tasks. Another explanation could
be that differences exist between the electromyographic amplitude
of maximal isometric contractions in MVC and the electromyo-
graphic amplitudes during maximal dynamic contractions. Bob-
bert et al34 have indicated that muscle activity during a maximal
isometric contraction is smaller than during a maximal concentric
contraction, and electromyographic amplitude increases when
movement velocity increases. Moreover, force measurements were
not performed in this study. Electromyographic data and 3-
dimensional kinematics were recorded to study the movements
of the arms in FSHD, and MVC was performed to indicate relative
muscle activity for each of the 6 individual muscles. The relation
between electromyographic activity and force produced has been
extensively investigated in healthy subjects.35 There may be
consensus that the electromyography-force relationship is linear
under isometric conditions and nonlinear under isotonic condi-
tions,35 although force prediction is still approximate at best. In
contrast, the relationship between electromyography and force in
FSHD still has not been studied. It can be hypothesized that
persons with FSHD have fewer normal working muscle fibers and
that the maximum force they can produce is therefore reduced
compared with healthy persons. To perform a certain activity, a
minimum of force is needed that is comparable for healthy persons
and persons with FSHD (eg, to lift the weight of the arm). People
with FSHD need to recruit a higher percentage of available muscle
fibers to achieve the required force, resulting in a higher %MVC.
Although activity percentage indicates the required muscle effort
www.archives-pmr.org
to perform the movements, it provides no information about the
exact forces generated.

Activity of the serratus anterior muscle, which is an important
scapula stabilizer, was not recorded in this study. The reason for
this omission is the limited accessibility of the serratus anterior by
surface electromyography.

Another limitation was the sample size, which consisted of 11
subjects with FSHD. However, the study was explorative, and
despite the limited sample size, significant differences between
movement patterns and muscle activities have been shown be-
tween healthy controls and subjects with FSHD.

To further investigate muscle capacities, a combination of
external force measurements, such as dynamometry, is recom-
mended. Together with 3-dimensional motion characteristics and
electromyography, external force measurements would provide a
more complete understanding, because then the role of individual
muscles can also be better estimated. The used method with surface
electromyography is not applicable for muscles that are not super-
ficial, such as the rotator cuff muscles. The current investigation of 6
muscles provided an initial understanding of the activities of the
superficial shouldermuscles. However, the studywas not focused on
kinematic analysis of scapular movements and therefore does not
provide a complete representation of the scapulohumeral motions.
Investigating the involvement of rotator cuff muscles and deeper
muscles such as the serratus anterior would require more invasive
techniques such as fluoroscopy or intramuscular needle electro-
myography. As part of a complementary approach to understanding
rotator cuff muscle contributions, biomechanical musculoskeletal
models21,36,37 could also be used.

http://www.archives-pmr.org
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As a long-term research perspective, it would be interesting to
further evaluate whether the use of arm supports would result in
more efficient movements that require less effort and would
therefore enable the performance of tasks such as eating for longer
periods. It could be hypothesized that arm supports would reduce
the effort to perform movements during daily activities. In this
study, the FSHD data were heterogeneous, implying that a 1-size-
fits-all approach may not be adequate but that a personalized
approach would be needed to customize future arm supports.
Understanding the effect of FSHD on muscle force and arm
movements could help develop more biomechanically oriented
assistive arm devices. Ideally, an arm support would counteract
gravity, thus allowing the users freedom to move their arm with
limited effort. There are 2 different issues: (1) the problem of
scapula control and the role of the serratus anterior; and (2) the
problem of UE weakness leading to muscle fatigue and impair-
ments in performing daily tasks. For both problems, an arm sup-
port would be helpful to enable persons with FSHD to perform
daily tasks better. By counteracting gravity, less force is needed to
lift the arm and thus less activation of the muscles, resulting in less
fatigue. Further research is required to determine what the effect
of arm support is on scapula control and fatigability.

Conclusions

This is the first study where the involvement of proximal, super-
ficial scapulohumeral muscles during several standardized move-
ment tasks in FSHD was explored and described. Compensations
were found in subjects with FSHD as a consequence of loss of
muscle function; this resulted in increased muscle cocontraction
and ultimately an increased effort and energy needed to accom-
plish tasks. The trapezius muscle was highly active in the shoulder
abduction and flexion movements, indicating a mechanism that
compensates for the lack of scapular lateral rotation when the arm
is elevated. Persons with FSHD used higher percentages of MVC
in the weakened shoulder muscles during movements and tasks
that required elevation in the shoulder joint. Further research
should focus on investigating whether existing arm support sys-
tems reduce these muscular efforts, so that movements or tasks
can be performed longer or more frequently.
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