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SUMMARY
Duchenne Muscular Dystrophy (DMD) causes degradation of muscles which hinders the 
capability to perform daily activities. So, DMD patients could benefit from using assistive 
devices. The current study focused on to observe the effect of a newly developed 
trunk support device on DMD patients. Three patients (age: 13, 15, 14 years and body 
weight: 56, 61 and 80 Kg) participated and performed trunk flexion (10, 20, 30 and 
40 degrees) and 2 sample functional tasks with and without the device. Trunk muscle 
(iliocostalis, longissimus, external oblique and rectus abdominis) electromyography 
signals were recorded and a motion capture system was used for kinematics. With the 
device, a reduction in the back-muscle activity, expressed in % of maximum voluntary 
contraction (MVC) was observed (between 2% and 20%, 1% and 22% and -1% and 5% 
MVC reduction for 3 participants respectively). Activity was also reduced for abdominal 
muscles (ranging 1% to 25%, -1% to 3% and 3% to 20% MVC respectively). In sample 
functional tasks the maximum reduction in back muscle activity was 10%, 5% and 1% 
MVC for the 3 participants, respectively. However, as the effect of the trunk support 
device was variable among the participants, the results should be interpreted with 
caution and further research is needed to further confirm these preliminary findings. 
The knowledge gained in the current study would help further development of the 
device.

Keywords:

Duchenne muscular dystrophy; Trunk support; Passive support; Assistive device; 
Electromyography

Highlights:

• Reduction in muscle activity of back muscle indicating reduction in load

• Reduction in abdominal muscle activity indicating no co-contraction

• Potentially helpful for performing activities of daily living
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INTRODUCTION
Upper limb movements play a fundamental role in daily activities. Most of these 
movements involve trunk movement as a mechanism for increasing reaching distance 
and for stabilization[1]. Several neuromuscular conditions that cause muscle weakness 
or impaired muscle control, significantly reduce the ability to use the upper limbs [2]. 
Duchenne Muscular Dystrophy (DMD) is one such diseases with an incidence of 1 in 
6000 male births [3]. Although the pattern of function decline varies over patients, the 
patients with DMD experience a severe decline in walking capabilities followed by upper 
limb function decline in their teen years [4, 5]. At present, no treatment has been found 
that can stop or reverse the symptoms of DMD. However, the life expectancy of patients 
with DMD has increased from 14 years in 1960s to 30 years in 2009 [6].

In recent years some studies have focused on assessment of the upper body disability 
in DMD patients and associated implications in their daily life [7-10]. According to a 
survey conducted on 350 patients with DMD (ranging from 1-35 years in age) and 
their caregivers, the patients with DMD consider their most important challenges the 
performance of essential activities of daily living (ADL) [10]. These tasks include eating, 
drinking, personal hygiene, interacting with personal devices and social interactions 
(such as hand shake or waving hands). Although the use of assistive technologies has 
the potential to improve the ability to perform these tasks significantly, only 8.5% of 
the DMD patients participating in the survey indicated to use such devices. Moreover, a 
major portion of these devices only consist of arm supports and do not allow or support 
trunk movement [10]. It is still not known how much trunk movement is performed by 
DMD patients in day to day life. A study carried out on 25 healthy children and young 
adults (6-20 years) showed that in tasks related forward reaching, the participants 
rotated different segments (pelvic, lower lumbar, upper lumbar, lower thoracic and 
upper thoracic) of their trunk within a range of -10 to 22 degree in sagittal plane [1]. 
This group of participants have quite comparable age range for with most of the DMD 
patients. From experience with DMD participants, it is known that they use trunk 
movement to compensate for arm muscle weakness while performing ADL. Therefore, 
it can be inferred that the DMD patients would require higher range of trunk rotations 
during functional tasks than their healthy counterparts.

It has been suggested from a study on DMD patients that using assistive technologies 
might slow down the progression of DMD [11]. Currently, several research groups are 
focusing on development of assistive systems for DMD patients[12-14]. The use of these 
support systems requires the trunk to be partially or completely attached to the back 
of the wheelchair. As a result, the workspace area of the patients for performing ADL is 
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reduced and the natural movement pattern of the upper body is hindered. Moreover, 
limiting the movement of the trunk by attaching it to the back of the wheelchair might 
result in faster degradation of trunk muscles as they will likely be used less frequently 
[11].

Therefore, an upper body support system for DMD should preferably provide support 
for both trunk and arm movement. The ideal device should help the users to move their 
trunk and arm similarly compared to the healthy population, even when the users have 
very limited force generating capacity in their trunk muscles. Furthermore, the device 
should be body bound and usable while the users are sitting in wheelchairs. However, 
before a combined arm and trunk support can be considered, first an effective trunk 
support should be developed.

Recently, a passive trunk support device has been developed by our team and has been 
tested on 10 healthy participants[15]. The results from the test show that the trunk 
support device reduces the load on the back muscles significantly in flexed postures. 
As no trunk support device has ever been tested on DMD patients, we wanted to test 
the device on DMD participants as well. The hypothesis of the current study is that the 
DMD participants will also have reduced activity level of trunk muscle while using the 
device, comparable to the healthy counterparts. Additionally, as the device moment 
increases with trunk flexion, it was hypothesized that effects of the device would be 
more prominent with larger trunk flexion angles. Moreover, in the current study we 
included some ADL tasks as well to check the usability of the device in daily living 
conditions. To limit the burden to this vulnerable group of patients, we tested the device 
on a small sample of three patients.

METHODS

Participants
Three teenage boys (13, 15 and 14 years of age with body weights of 56, 61 and 80 kg 
respectively) diagnosed with DMD participated in this study after gaining the informed 
consent from themselves and from their parents. The exclusion criteria were: unable 
to use the arms during ADL and unable to stabilize the trunk without any support. This 
was determined on the basis of feedback from the patients and their regular care givers. 
The experimental procedure was approved by the medical ethics committee Arnhem-
Nijmegen (study number: NL53143.091.15).
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Design boundaries

The development of the passive trunk support device was done based on the 
information collected through interviewing of DMD patients and physicians regarding 
the desired functionality and appearance of the device. Standard design methodology 
was followed for the idea generation and prototyping of the trunk support device [16].

Features of the Prototype.

Figure 1: The prototype used in the present study with different parts

The device consists of five interface areas with the body: a front pad placed on the 
sternum, two adjustable side pads at the thoracic level to provide stability, one back 
pad for lower lumbar support and a cushion on the base plate for sitting (figure 1). The 
gravity compensation mechanism was developed based on the working principle of 
series spring combination developed by InteSpring B.V.(The Netherlands) (Patent No: 
WO/2015/041532 )[17]. For each participant, the balancing mechanism was modified 
to adjust the support level to the participant’s choice. The support level was varied 
from high to low with increments equivalent to 5 kg bodyweight increase. For each 
increment, the participants performed a few trial movements to experience the static 
balancing effect. The level where they felt that the support from the static balancing was 
optimal, was chosen as the support level for the rest of the experiment. At the selected 
support level, the maximum moment provided by the device at 40 degrees of forward 
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bending for the individual participants were 16 Nm, 19 Nm and 24 Nm, for the boys 
of 56, 61 and 80 kg, respectively. The range of movement of the trunk support device 
is 0-40° of forward bending. Lateral bending is not possible, because of the presence 
of the side pad. Axial twisting is possible to some extent, but is not supported by the 
prototype. More details about the developed trunk support device and its working 
principle can be found in our previous work[15].

Study protocol

Using surface electromyography (sEMG), maximum voluntary contractions (MVC) 
were measured for the iliocostalis, longissimus, external oblique and rectus abdominis 
muscles. The participants were asked to push against a padded force transducer, while 
sitting in upright seated position, placed adjacent to their trunk, with maximum possible 
force. The position of the force sensor was changed to measure MVC for different trunk 
muscles (front on the sternum for flexion and for back on T4 vertebra for extension). 
The participants were sitting in their wheelchairs while performing this part of the 
experiment. The wheelchair wheels were locked so that the measurement would be 
isometric.

In the second phase of the experiment, the participants were shifted from the 
wheelchair to a customized seat (with surrounding safety catch) that can be attached 
with the trunk support device. They were asked to sit in an upright position without 
any support. A kinematic calibration trial was recorded in the upright seated position 
with both hands on the knees. This upright position was taken as the reference position 
for the other calibration trials and for the following experimental trials. Then, from the 
calibrated position, they were asked to slowly bend their trunk forward to predefined 
inclination angles (10, 20, 30 or 40 degrees; controlled through real time inclination 
information from an inertial sensor on T6) while keeping their arms hanging vertically 
downwards. These calibration trials were used to define the position of a reference 
structure in front of the participant when reaching the target angle, such that the 
structure would just touch the participant’s sternum. In the subsequent experimental 
trials, the participants were asked to bend forward and to gently touch the reference 
structure placed in front of them in the position defined during calibration. As the 
muscle activity level depends both on load on the muscle and on muscle fibre length, 
the participants were given feedback, while they were touching the reference structure, 
on the pelvic inclination and trunk inclination using real time information from inertial 
sensors attached to the sacrum and T6 vertebra. If the posture in any subsequent trials 
deviated too much from the calibration trials posture, they were verbally guided to 
correct it. So, the reference structure acted as a physical reference for desired trunk 
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inclinations (target) for the participants and the feedback given based on the inertial 
sensors helped to achieve better precision in postural repeatability among trials in 
different conditions. They were then asked to hold their inclined posture at that position 
for 5 s (guided by a metronome), while gently touching the reference structure, and 
then slowly extend the trunk to the initial position (figure 2).

Figure 2: The experimental steps for the forward bending tasks in different experimental con-
dition

In the next phase of the experiment, the participants were asked to perform two 
predefined ADL, a drawing and an eating task. These tasks included drawing a line with 
a pencil on a paper sheet by following a predefined path, and to eat liquid from a bowl 
using a spoon for 5 times. These tasks started with an instruction to start the specific 
task and stopped when the participant successfully completed the task by saying stop. 
So, the participants could perform the tasks at their comfortable pace. Each of the task 
required 15-20 seconds to be performed. For this phase, a sling-based arm support was 
also provided for assisting the arm movement of the participants (figure 3).

The same movements were measured in two device conditions: one control condition 
i.e. without support device and the other with the trunk support device. Participants 
1 and 3 started the experiment with the device and participant 2 started without the 
device. As stated earlier, the device was configured according to the participant’s 
desired support level by installing the cams appropriate for that particular participant.

A questionnaire, consisting of questions regarding functionality, comfort and 
compatibility, developed following the QUEST method[18] was used to obtain feedback 
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from the participants before and after the experiment to observe qualitative effects 
of the device.

Figure 3: the experimental setup for the ADL tasks in different experimental condition

Measurements

The muscle activity was measured by using ten pairs of sEMG electrodes (AG-AGCL, 
ARBO EMG electrodes, Tyco Healthcare, Neustadt, Germany) (Zerowire EMG, Aurion, 
Italy), placed bilaterally over the thoracic part of longissimus (TLO), lumbar part of 
longissimus (LLO), iliocostalis (IC), external oblique (EO) and rectus abdominis (RA). The 
position of the electrodes for the back muscle was based on SENIAM guidelines [19] and 
for abdominal muscle from Willigenburg, et el. [20]. The inter-electrode distance was 
kept around 25mm. They were attached to the skin after shaving (when needed) and 
cleaning with body scrub. Two inertial sensors (MTx, Xsens Technologies, Netherlands) 
were placed on the back of the participants (one on the sacrum and one at T6 level). 
The electrodes and the markers placements are shown in figure 4.

In order to obtain a more detailed indication of spine curvature and device deformation, 
a three-dimensional motion capture system (Vicon, Oxford metrics, UK) was used to 
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record the trunk posture during the trials with a sampling rate of 100 Hz. Twenty-one 
reflective markers were placed at the spine (marker clusters at T6 and T12), the pelvis 
and on both sides of the device (see figure 4). The inclination of the device in each trial 
was measured using the markers placed on the device.

Figure 4: Placement of the sensors on the back of the participants and on the device

DATA ANALYSIS

EMG analysis

The recorded EMG signals (sample frequency 1000 samples/s) were filtered using a 
2ndorder bi-directional band-pass filter (10-400 Hz), a high pass filter (cut-off frequency 
30 Hz, to remove contamination from the electrocardiogram [21]), a band-stop filter 
(49.5-50.5 Hz, to remove hum artefacts) and subsequently rectified. The EMG signals 
from the static portion (when the participants were holding their flexed posture 
touching the reference structure) of each experimental step were selected for analysis. 
An interval of a few seconds with the most static portion was chosen for this analysis. 
This was done to observe the effect of the device on muscle activation, while excluding 
dynamic components of the EMG signal. Then the signals were normalized with respect 
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to MVC and the mean values were obtained for each muscle in each experimental 
condition. For the ADL tasks, the EMG data was analysed for the window when the 
trunk was more or less static at an inclined position during the specific task.

Kinematic Analysis
The marker data obtained from the motion capture system were used to determine 
three-dimensional angles of the trunk segments and pelvis using Matlab 8.4.0 (R2014b). 
An X-Y-Z (forward bending - lateral bending – rotation) Cardan angle rotation sequence 
was used to calculate the inclination of trunk segments in each trial [22]. The pelvic 
angles were expressed relative to the world coordinate system and total angles 
for forward bending with respect to the world coordinate system were calculated 

by adding the relative angles of T6 marker to the pelvic angles. The actual angle of 
forward bending of the trunk in the experimental trials were calculated by subtracting 
angle in the upright calibration trial from the total angle of forward bending for each 
experimental trial. The markers on the device were used to calculate the device angle 
when the device was being used in the experiment.

Data analysis

Mean normalized EMG values and mean angles were calculated for the forward 
bending and ADL tasks, and EMG was averaged over back muscles (TLO, LLO and IC) 
and over abdominal muscles (EO and RA). As we measured only three participants with 
2 repetitions of forward bending and 1 repetition for ADL tasks, no statistical method 
was used for further data analysis. Instead, individual results are presented. For forward 
bending trials, the two repetitions were averaged.

RESULTS

Muscles Activation level
Forward bending tasks

All three participants could participate in the experiment without any adverse event.

During the forward bending tasks, all participants showed, in most of the trials, reduced 
activity of the lumbar (LLO and IC) and thoracic (TLO) back muscles when using the 
device (2 to 20%, 1 to 22% and -1 to 5% of MVC reduction for participants 1, 2 and 
3, respectively) (figure 5). It should be noted that the reduction of %MVC reported 
here is the absolute reduction of MVC and not as percentage change relative to the 
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condition without the support device. The average back muscle activity of participant 1 
showed mostly the expected increased effect of the device at increased forward bended 
postures (3%, 2%, 10% and 20% MVC reduction for 10, 20, 30 and 40 degrees target 
angle respectively). For participant 2, the average back muscle activity level without the 
device increased with target angle up to 30 degrees (from 30% MVC to 40% MVC) and 
so did the magnitude of EMG reduction when using the device (9%, 10% and 22% for 
10, 20 and 30 degrees target angle, respectively). However, at 40 degrees target both 
effects were reduced (muscle activity level 22% and reduction when using the device 
1% MVC). Like participant 2, participant 3 showed an increasing effect of the device 
on MVC of the back muscles up to 30 degrees forward bending, albeit with smaller 
magnitudes (-1%, 3% and 5% of MVC respectively). However, while he could perform 
40 degrees target angle with the device, he was unable to do this without the device, 
so there is no reference to compare. For abdominal muscles (Figure 5), participant 
1 had 7%, 16% and 25% of MVC reduction up to 30 degrees forward bending but a 
reduced effect at 40 degrees (1% MVC only). In participant 2, using the device did not 
have much effect on abdominal muscles (<2% MVC change in all target angles angles). 
Participant 3 had reduction of abdominal muscle activity by 5%, 3% and 20% of MVC 
up to 30 degrees target angle.

 ADL tasks

During the two ADL tasks, a reduction in EMG of the back muscles (average over TLO, 
LLO and IC) was observed for all 3 participants (figure 5). The effect on back muscles for 
participant 1 was 9% and 1% for drawing and eating respectively. Participant 2 had, for 
the same tasks, 5% and 1% MVC reduction, respectively. Participant 3 had a reduction 
of only 1% MVC or less for both of the tasks. During the same tasks Participant 1 had 
increased abdominal muscle activity when using the device (4% and 15% MVC increase 
for drawing and eating respectively). Participant 2 had 3% MVC reduction in abdominal 
muscle activities for both tasks. Participant 3 showed a 6% MVC reduction for the 
drawing the task but no effect during the eating task.

4
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Figure 5: Average muscle activation levels at different forward bending angles and ADL tasks 
(drawing with pencil following a defined path, eating with spoon from a bowl). The upper row 
shows values for the back muscles (averaged over TLO, LLO and IC) and the lower row shows 
the values for the abdominal muscles (averaged over EO and RA). The stars (different colors for 
different device conditions) indicate which trials were affected by the participants putting their 
arm on the table for extra support.

Kinematics
Forward bending tasks

Despite feedback on posture, all 3 participants deviated substantially from the target 
trunk inclination angles during the forward bending tasks. Moreover, the postures were 
not similar between condition with and without using the device (figure 6). Participant 3 
had larger deviations from target angles compared to the other participants, especially 
without using the device, as he was unable to maintain an upright trunk position during 
the measurement and without using the device he had a more kyphotic posture 
compared to the posture during calibration trials.
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Figure 6: Average actual trunk inclination angles (Pelvic inclination + lumbar forward bending 
+ lower thoracic forward bending) vs target angle for different trials of forward bending move-
ment. (trial numbers 1 and 2 are for 10 degree forward bending, trial number 3 and 4 are for 20 
degree forward bending and so on).

ADL Tasks

The range of total inclination of the trunk did not show much difference between 
conditions with and without the device for any participant (figure 7). However, there 
was a large difference between participants in how they maintained their trunk posture 
when performing these tasks. While participant 1 and 3 had more inclined trunk posture 
(more than 15 degrees for participant 1 and more than 30 degrees for participant 3), 
participant 2 had a more upright posture during the same tasks (less than 10 degrees).

Force

During the MVC test force generating capacity varied across participants and directions 
(figure 8). Participant 3 could generate highest force among the 3 participants in all the 
trials except extension, whereas extension force was not measured as the measuring 
apparatus could not be fitted at the back of his wheelchair. Participant 2 generated a 
smaller amount of force during forward bending and rightward rotation of the trunk 
than participant 1.

4
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Figure 7: Range of trunk inclination angles (Pelvic inclination + lumbar forward bending + lower 
thoracic forward bending) and average device angles during eating and drawing tasks with and 
without using the device.

Figure 8: Average Force generated by the participants during the MVC measurements. The 
graph shows values for extension, forward bending, leftward rotation and rightward rotation. 
Participant 3 could not participate in extension for technical issues.
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DISCUSSION

Forward bending tasks

The findings of this study are in line with the results from our previous study in healthy 
participants. The same device showed a reduction of 1-3%MVC on average for 10 healthy 
participants[15]. Other studies done with different trunk support devices for different 
participant groups for static standing and upright posture control on unbalanced 
platform showed 1-2% MVC reduction of the erector spinae and no significant effect 
on the abdominal muscles [23, 24].

In general, the support level provided by the device increased with the increase of 
trunk forward bending angle except for participant 2 (figure 5). A possible reason for 
this might be the intrinsic support from the abdominal organs reducing the activation 
of back muscles. Furthermore, as the activation level of the abdominal muscles did not 
change much across conditions, the users did not have to push against the device while 
maintaining a certain bended forward posture.

The repeatability of postures across device conditions was poor. Although it is possible 
move the device beyond its 40 degrees range of the rotating joint, by deformation of the 
side links if more force is applied, the large deviations from target angle as seen in figure 
6 are mainly due to the postural changes of the participants over the experimental 
phases. Due to a very low tolerance to fatigue, the participants struggled to maintain 
similar postures among repetitions. Even though they were provided with the reference 
structure and feedback on their postures, they were, to some extent, unable to control 
their posture according to instructions and timing of the metronome. Participants 2 and 
3 tended to have more kyphotic posture in conditions without the device, resulting an 
increase of actual forward bending angle of the trunk although the target angle did not 
change. In trials with the device, these deviations from target angle were reduced. So, 
it can be argued that the device helps to maintain a less kyphotic posture. Participant 
3 probably had the least fatigue tolerance among the 3 participants. Moreover, as he 
performed the without device condition after the with device condition, the fatigue 
might have affected his performance and postural stability drastically as indicated by 
the deviations in figure 6. This may have attenuated the effect of the device on his back 
muscle EMG (Figure 5).

The advantage of using the trunk support device can further be justified from several 
studies done on muscle endurance during different tasks and different muscles which 
showed that muscle endurance and %MVC are exponentially correlated [25-28]. 
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Regrettably, no data are available for muscle force versus endurance time relations 
in DMD patients. So, it can only be assumed to be plausible that the device is likely to 
have a larger relative effect on endurance time than on EMG.

A similar experiment on healthy participants showed that the forward bending task 
up to 40 degree required less than 12% of MVC of the back muscles and less than 
5% of MVC of the abdominal muscles[15]. As might be expected due to trunk muscle 
weakness in DMD patients, all three participants in the current experiment, showed 
higher activation levels (15% of MVC or more). As the spine is an unstable structure that 
buckles at small loads in the absence of muscle activity [29], it is expected that DMD 
participants require higher muscle activity level to control their trunk stability due to 
muscle weakness and low fatigue tolerance.

ADL Tasks

As there were no specific instructions given to the participants on postural orientation 
of the trunk while performing the ADL tasks, participants chose their preferred posture 
based on their habit and ease of performance. Participant 1 and 3 chose to incline their 
trunk forward while performing the tasks whereas participant 2 chose to keep the trunk 
more upright (by increasing lumbar lordosis) and extending the arm more. That is why 
the movement range is so different for participant 2 in figure 7.

From the results, it can be inferred that the contribution of the device to the reduction 
of trunk muscle activation during the ADL tasks is not as much as in the forward bending 
tasks. Participants 1 and 3 used their left hand during some ADL tasks for extra support 
and the variation of support forces of the hand thereby influenced the EMG of trunk 
muscles. Participant 1 used the other hand to support only in the eating task without 
the device whereas participant 3 did this both during drawing and eating, both with and 
without the device. Participant 2 did not use his left arm to support. Instead, he kept his 
trunk inclination within 10 degree from the reference posture consequently minimizing 
the device effect. Another observable aspect of the result is that all participants showed 
some reduction of back muscle activity during drawing, while this was not the case 
during eating. While this might be explained, as indicated above, by hand support in 
participants 1 and 3 and by upright posture in participant 2, also differences in average 
arm and head positions between device conditions may have played a role, as well as 
unknown effects of dynamics during eating and interactions with the arm support. 
The reason behind not giving explicit instructions for ADL tasks was to observe natural 
interaction of the user with the device. The current results showed no negative aspect 
to the usability of the device during the ADL tasks.
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While participant 3 generated more force during the MVC trial compared to the other 
participants, this was probably related to a higher body mass (81 kg) rather than higher 
strength level compared to the other participants.

The main shortcoming of the current study is that the measured EMG cannot be 
immediately translated in to the trunk moment that was active in particular postures. 
It was not possible to measure reference EMG and force for every posture that was used 
during the study due to the sensitive and fragile health condition of the participants. 
Therefore, although EMG-moment relations of trunk muscles are known to be angle 
dependent we could only normalize it to one reference posture that was used for MVC 

measurement. Furthermore, the linearity between EMG level and force is unknown 
for DMD patients. To the best of our knowledge, this is the first study to investigate 
the effect of a trunk support device on muscle activation in DMD participants and it 
provides some fundamental insight into how the device would affect the user. Although 
the device showed good potential for balancing the trunk, caution is warranted when 
interpreting our results. The small number of participants in the current study showed 
a substantial variation in performance and fatigue tolerance among participants. This 
prevented finding a fully consistent pattern in the results of the current experiment. 
Moreover, a better fitting of the participants’ trunks with the device (with the help of 
belts or bracing) might have improved the outcome by helping to stabilize the trunk 
with reduced muscle effort. The result could also be influenced by the mechanical 
losses and error in the adjustment of the device which might have led to incomplete 
or overcompensated gravitational balancing. In addition, despite having some time to 
familiarize themselves with the device, this time was limited. The participants might 
increase their use of the support of the device with longer familiarization.

CONCLUSION
In conclusion, the current trunk support device reduced muscle activity level for both 
back and abdominal muscles in the trials with forward bending task. However, for the 
ADL tasks the effect of the device was smaller, probably due to postural variations and 
support with the left hand. It can be hypothesized that, with better fitting of the device 
with the users’ body (with belts or bracing), the contribution of the device might be 
improved. Knowledge gained from the current experiment can help to understand how 
the DMD users would interact with exoskeleton based assistive devices and this would 
help further development of assistive technology for people with DMD.
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List of Abbreviations
ADL : Activities of daily living
DMD : Duchenne muscular dystrophy
EMG : Electromyography
EO : External Oblique
IC : Iliocostalis
LLO : Lumbar level of Longissimus
MVC : Maximum voluntary contraction
RA: Rectus abdominis
TLO: Thoracic level of Longissimus
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Implications for rehabilitation
• Reduction in muscle activity of back muscle indicating reduction in load

• Reduction in abdominal muscle activity indicating no co-contraction

• Potentially helpful for performing activities of daily living
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