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Chapter 7

INTRODUCTION
In the current dissertation, several studies were included focusing on answering the 
following questions:

 ̵ Can a gravity compensating mechanism be used to reduce trunk and neck muscle 
activity?

 ̵ To what extent do the assistive trunk and head support devices assist healthy control 
participants and target patient groups?

 ̵ ow does the use of trunk and head support devices assist patients during ADL?

This chapter will provide a summary of the findings of the studies included in the 
current dissertation followed by a general discussion to explore the answers to the 
aforementioned research questions. Moreover, it will also include the overall limitations 
of the presented studies as well as a future perspective based on the knowledge gained 
in the project.

SUMMARY
Chapter 2 of this thesis explains the working mechanism of the orthoses developed 
for this thesis. Specifically, it provides a brief description of the gravity compensating 
principle, or static balancing principle, that was used as the basis for the development 
of the trunk and neck orthosis presented in the subsequent chapters. This chapter was 
included to facilitate understanding of the way the orthoses can reduce the required 
forces of specific muscles at the neck and lumbar spine.

Using the gravity compensating principle presented in chapter 2, the trunk orthosis 
was developed first. In chapter 3, the background of the development of the trunk 
orthosis is provided, and a study on the efficacy of the trunk orthosis, tested in healthy 
participants, is presented. The newly developed trunk orthosis was tested on 10 healthy 
participants, to observe

its effect on different trunk muscles during 10-40 degrees of inclination. It was shown 
that wearing the orthosis caused reductions in activity of the lumbar longissimus and 
iliocostalis muscles. The average muscle activity level was 5%–10%MVC without the 
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orthosis and this was reduced to 3%–9%MVC when using the orthosis. There was 
no significant effect of using the orthosis on activity of the abdominal muscles. This 
indicates that no increase in force production by abdominal muscles, implying that 
no overcompensation by the orthosis (necessitating pushing against the device) was 
observed was present and also that using the orthosis did not elicit a strategy to 
stiffen the trunk through co-contraction. Trunk inclination angles were not significantly 
affected. The observed reduction in back muscle activity can be associated with a 
decrease in muscle load, which would reduce the rate of fatigue development. This 
chapter shows that the developed trunk orthosis on the basis of gravity compensation 
can have a positive effect.

The aim of chapter 4 was to evaluate how patients interact with the trunk orthosis, to 
see whether they can derive a similar benefit as their healthy counterparts. Moreover, 
two ADL tasks, namely drawing (tracing a line on a paper sheet along a given path), 
eating (eating liquid from a bowl with spoon) were included to check to what extent 
the patients can benefit from the trunk orthosis during such activities. To limit the 
burden on patients, only three DMD patients were tested. All participants showed 
reduced back muscle activity, albeit of different magnitude (up to 20%MVC, 22%MVC 
and 5%MVC reduction for the 3 participants). The abdominal muscle activity level 
was increased when using the device in two participants, while they reached larger 
trunk flexion angles. This indicates that gravitational flexion moments (minus passive 
extension moments in the trunk) may have been over compensated by the device at 
higher flexion angles. The effect of the trunk orthosis on the two ADL shows that each 
DMD patient’s performance was influenced differently by the trunk support. All of 
them had more reduction in back muscle activity during drawing than during eating, 
although two participants used a more inclined posture during the ADL, whereas the 
other one used a more upright posture with the orthosis compared to the without 

condition. During eating, one participant supported the body weight by placing one 
arm on the table without the orthosis, but not while using the orthosis. These findings 
are indicative of positive influence of the trunk orthosis on the performance of ADL.

The background, design approach, and the testing of the neck orthosis on 10 healthy 
participants are included in chapter 5. The measurement protocol included performing a 
positioning task using a cursor on a monitor providing real time feedback of flexion and 
axial rotation angles measured with accelerometers. Predefined targets were shown in 
random order in different head orientations (flexion- extension, pure rotation towards 
left and right as well as combination of the two) directions. The experiment included 216 
combinations (4 flexion angles x 9 rotation angles x 2 target diameters x 3 repetitions) 

7
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with and without the orthosis. The result showed that, when using the neck orthosis, 
the activity level of the upper trapezius decreased significantly between 0.2%MVC to 
1.5%MVC across all targets. As the upper trapezius is the main load bearing muscle and 
the level of activation of the upper trapezius without the orthosis was approximately 
4%MVC or below, the reduction can be considered substantial. The sternocleidomastoid 
muscle is not involved in holding the head against gravitational flexion moments. 
Therefore, no reduction of the activity of that muscle was anticipated. Instead, the 
activity level of the sternocleidomastoid muscle was increased by 0.3%MVC to 1%MVC, 
which indicates that there was some resistance provided by the device to the user, 
especially in case of pure rotation to left and right and combined rotational directions. 
Finally, no substantial effects on the head positioning variability and on the time of 
completion of the task were observed when the orthosis was used. The outcomes 
suggested that the gravity compensation was working well and the device could be 
tested with target patient groups.

Chapter 6 presents an evaluation of patients’ (3 SMA and 1 DMD patient) interactions 
with the neck orthosis, introduced in the previous chapter. The different types of tasks 
(discrete movements and spiral tracking), used in the experiment presented in chapter 
6, were chosen keeping different ADL tasks in mind. For example, the pure rotation 
towards the targets on left and right can be considered similar to looking left and right 
while crossing the street and combined rotations can be analogous to head movements 
during eating and drawing tasks. As the device allows two different directional rotations 
(flexion and axial rotation), separately and in combination, the neck orthosis allows the 
user to orient the head in any position that does not involve lateral bending, within the 
working range of the device. The most positive effect on upper trapezius was observed 
in pure flexion (-6%MVC to 2%MVC). The sternocleidomastoid activity level increased in 
general when using the orthosis with a larger variability than in the healthy participants 
(-62%MVC to 61%MVC). The benefits that participants could derive, in terms of muscle 
activity, were strongly dependent on their physical characteristics and limitations. No 
substantial effect on head position variability or travel time was observed when the 
orthosis was being used by the patients. The results presented in this chapter show 
that, although a neck orthosis based on gravity compensation might have potential 
for patients, it needs to be customized to the individual, by taking specific physical 
limitations and deformities of the individual user into account. The study also showed 
that only keeping the movement allowable (without providing forces to support these 
movements) in directions not affected by gravity is not enough to provide optimum 
benefit to the patients. Therefore, for axial motions, a motor driven assistance might 
be needed to reduce the muscle activity of the sternocleidomastoid muscle.
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GENERAL DISCUSSION

Case story:

Response of a mother of an NMD Patient:

“I would bring his tea when it’s hot and move it out of his way, away from his mouse 
and keyboard, and when he is ready he would sort of stretch his arm out with the help 
of the arm support and move his tea closer to him. So, in that way he does not have to 
call me. I’ll just leave the tea where he can reach, so that gives him like independence 
of helping himself. And if it’s worth anything, he can hug me back when I hug him; 
that was the nicest part for me, that he can hug me back… Then with the arm support 
he can actually just hold his arm up and then you can feel it continue, it’s the nicest 
feeling. It sounds silly, but it’s the nicest feeling.”

Response of the patient:

“I do like when I can hug back, because I think it’s just selfish just taking hugs.”

Source: [1]

In recent years, a lot of work has been done on the development of assistive devices for 
upper limb functionality of different target groups including NMD and MND patients. 
Due to medical improvements, life expectancy has increased and more assistive 
devices are being used for patient rehabilitation and performance of ADL [2]. A study 
has reviewed 104 upper body assistive devices that can potentially be used by such 
patients, and categorized them into 3 groups, namely, non-actuated, passively actuated, 
and actively actuated (motor driven) [3]. However, most of them are wheelchair bound 
[3]. Recent studies have shown that trunk and head movements are an integral part of 
arm tasks during different ADL [4], and patients with weak arm muscles use their trunk 
to a larger extent [5]. Therefore, arm supports that include trunk motion capabilities 
can enhance the range of motion without sacrificing support quality [6].

7
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Case Story:

Response of a DMD boy of 14 years of age:

“It will be much easier for me to perform tasks, if I can easily bend forward when 
needed and bring myself back in the upright position on my own and can sit in a 
good posture.”

Source: interview of a participant during the test presented in chapter 4.

Devices developed (both passively and actively actuated) to reduce the load on the 
back muscles already exist [7-14], but not all of them are for patient groups. Specially 
developed trunk supports are only available for patients with paralysis [7], spinal 
deformity [8] spinal cord injury [9] etc. As these vary in terms of functionality and 
desired goals, no straight forward comparison can be made with the trunk orthosis 
presented in chapters 3 and 4. The presented trunk orthosis actually has been made 
based on the technology developed before, by a company named Laevo, for reduction 
of low back loading in flexed standing posture [10]. Therefore, the results from the 
current study can be compared against the outcome measures with the Laevo system. 
A recent study done on healthy participants during static bending at different hand 
heights in standing posture showed that the trunk muscle activity was reduced by 
11-57% [15]. The trunk orthosis presented in chapter 3 and 4 caused a reduction of 
trunk muscle activity by 10-33% in seated forward bending. Although the Laevo aimed 
for standing and the current device for seated postures, the gravitational moments on 
the trunk during forward bending are similar in seated and standing postures. Indeed, 
the support by the current device is, up to 30 degrees, also similar to one of the Laevo 
devices. The ‘High’ Laevo system generated up to 20-25 Nm for 25% of its working range 
(approximately 30 degrees) [15], whereas the current trunk orthosis can generate 20-30 
Nm moment at 30 degrees, depending on settings based on body weight. So, in terms 
of quality of gravitational compensation, these two are quite comparable. However, 
it has to be noted that, due to the seated posture, the onset of flexion relaxation (i.e. 
the flexion angle at which passive tissues, such as connective tissues in muscles and 
ligaments, and pressure in abdominal tissues, take some of the gravitational bending 
moment on the upper body, thereby decreasing the back muscles activity) might occur 
earlier than in standing postures, which might affect the performance of the trunk 
orthosis at higher angles than 30 degrees of flexion.

Compared to the reduction of 10-33% in back muscle activity as presented in chapter 3, 
the three DMD participants showed a reduction of 6-55%, with large variance between 
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patients (up to 34% for participant 1, 55% for participant 2 and 30% for participant 3). 
Without the orthosis, the muscle activity level was much higher for all the patients 
compared to their healthy counterparts (at least 15%MVC or higher during different 
tasks compared to a maximum of 12%MVC or lower for the healthy participants for 
similar tasks). So, it is obvious that the DMD patients used a different range of their 
maximum muscle capacity for performing the same tasks compared to the healthy 
participants. Consequently, the interaction with the trunk orthosis differed based on 
physical and disease related factors. Physical characteristics, such as having large belly 
(one participant), or a kyphotic posture in upright seating (another participant), made 
it more challenging for the participants to derive the optimum benefit from the trunk 
orthosis in some cases. However, the overall reduction in muscle activity with orthosis 
indicates that the trunk orthosis can potentially be beneficial for the patients.

Another important aspect of using a trunk orthosis can be increasing trunk stability even 
when the trunk is in an upright position. The spine is inherently an unstable structure, 
and even in upright posture, the spine would, in the absence of muscles, buckle due to 
the weight of the trunk [16, 17]. This effect can occur in patients with MND and NMD, 
as their trunk muscles have a reduced capacity to actively maintain upright posture 
through feedforward or feedback muscle activity. As the muscles act as guywires to 
support the unstable spine, the local support forces provided by the trunk orthosis can 
be beneficial. Thus, using a trunk support might decrease the margin to trunk instability 
and limit the lordosis or kyphosis within a certain range and prevent scoliosis. The vest 
mentioned in chapter 3 was expected to help by providing better pressure distribution 
at the body interface and extra stiffness, but did not show significant effects, most 
likely because the vest was attached to the thoracic spine and not the lumbar spine. 
The thoracic spine is intrinsically less likely to become unstable because of the stiffening 
effect of the ribcage [17]. So, we additionally experimented with a lumbar support 
belt (for lumbar trunk postural support). We asked healthy participants, to perform 
the same tasks as in chapter 3, while using the belt. But that also did not have any 
significant effect on the trunk muscle activation of the healthy participants. So, the 
vest and the lumbar belt were not tested on the patients as they did not provide any 
significant outcome.

7
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Case Story:

Response of a SMA patient 32 years of age:

“While talking to a group of people I have to move my whole wheelchair, if I have to 
look at different persons. It would be really nice, if I can do that with only moving my 
head and not the whole wheelchair.”

Response of a physician experienced with treating NMD and MND patients:

“by allowing the patients to naturally move their head during activities like eating, 
drinking or writing or typing, the feeling of independence and the quality of living 
can largely be improved”

Source: interview during product development for the study presented in chapter 5.

Unfortunately, the development of assistive devices for head and neck movements, 
specifically for NMD and MND patients up to now, is somewhat more limited than for 
trunk movements. Until now most of the patients are dependent upon static devices. 
There are plenty of options (both body-bound and wheelchair-bound) commercially 
available for this type of neck support [18-22]. A more detailed description of the 
current solutions for supporting head and neck movements is included in chapter 5. 
However, no passively or actively actuated assistive devices are currently available to 
be used by NMD and MND patients. As a result, it was not possible not compare the 
efficacy of the neck orthosis presented in chapters 5 and 6 with other similar devices.

It was expected that using a gravity balancing neck orthosis would decrease the load 
bearing effort of the neck muscles and thereby decrease neck muscle activation, 
especially for upper trapezius (the main load bearing muscle in the neck). Unfortunately, 
not much research has been done to test the effect of load or support variations on neck 
muscle activity. There exist only a few studies where the neck muscle activity changes 
were observed with varying loads on head while using different head attachments 
[23,24]. One study [23] showed that adding a spring to work in parallel with the neck 
to support an external load of approximately 2.5 Kg reduced the average neck muscle 
activity (averaged over upper trapezius, sternocleidomastoid and cervical paraspinal) 
by 0.5% MVC. The other study [24] showed that adding an external load of 1kg at a 
20 degrees inclined head position increased the upper trapezius activation by 0.6% 
MVC. The outcome of the experiment presented in chapter 5 shows that wearing 
the orthosis caused an average reduction in upper trapezius activity of 1.1%MVC in 
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healthy subjects. When compared to the aforementioned studies, this reduction in 
upper trapezius activity can be considered as a substantial benefit of using the neck 
orthosis. However, the increase of sternocleidomastoid activity level by 0.3%–1.0% 
MVC during pure and combined rotations indicates that the neck orthosis introduces 
resistance for sternocleidomastoid when moving in those directions. This is to some 
extent expected, as the orthosis only allows the rotational motion of the head, but 
does not provide any support like the gravity compensation during forward bending. 
Moreover, in general sternocleidomastoid has higher variability in activation level 
compared to upper trapezius [25]. As none of the participants reported experiencing 
too much resistance (forced to exert noticeable effort) while rotating the head in the 
aforementioned directions, the observed increase in sternocleidomastoid activity 
seems not to be too detrimental for user experience, specifically for the duration of 
the experiment (approximately 3 hrs.).

In Chapter 6 it became clear that the interaction of three SMA and one DMD patients 
with the newly developed neck orthosis differed to a large extent from the results 
observed when the same orthosis was tested with healthy participants. The most 
probable reason for such a large deviation might be the differences in physical and 
postural characteristics between the healthy participants and the patients. All the 
participating patients had some kind of physical or postural limitation (such as different 
shapes of scoliosis, having spinal fusion surgery, asymmetric disease progression). So, 
each of them interacted with the device in a different way. Moreover, this might have 
prevented them from using the orthosis in the most optimal way (e.g. having more 
flexion at the upper than at the lower part of the neck). The changes in activation of 
upper trapezius (-6%MVC to 2%MVC) cannot directly be correlated with changes in 
muscle loading. Moreover, the results from the patients cannot directly be compared 
with other studies.

Furthermore, it is still not clear why the effect of the head orthosis on sternocleidomastoid 
activation had such a big variability among the patients (-62%MVC to 61%MVC). A 
major increase in muscle activation should have been felt by the patients during the 
experiment as a large resistance provided by the orthosis and thus a large increase in 
effort during movement. But such perceptions were not reported. However, it was 
observed during the experiments that the patients struggled to align their physical 
rotational axis to the fixed rotational axis of the orthosis in the transverse plane. For 
the healthy participants, this was much easier. Moreover, to compensate for the lost 
capacity in upper trapezius, the patients may heav used some kind of compensatory 
strategy by using sternocleidomastoid. This might explain the high-level activation of 

7
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sternocleidomastoid muscle even when the orthosis was not being used (max 48% MVC 
during pure flexion and 70%MVC for combined rotation across all the participants and 
different target distances in the without orthosis condition). For the same motion the 
average activation levels in healthy participants were less than 4%MVC and less than 
6%MVC in the with and without orthosis conditions, respectively. Therefore, the results 
observed in chapter 5 and in chapter 6 are not directly comparable.

Data on the endurance limit or on the muscle force versus endurance time relation of 
neck and trunk muscles, would help to put our findings on changes in muscle activity 
in perspective. Regrettably, for the targeted patient groups no data are available. 
So, interpreting the results of the patient studies based only on changes in muscle 
activation level is challenging. In general, it is established that for healthy humans, 
muscle endurance is a cubic function of muscle activation level [26-30]. However, 
whether this also holds for MND and NMD patients, is still unknown. Nevertheless, 
when assuming a similar relation, the orthoses would have a larger effect on endurance 
time than on muscle activation.

Study limitations
One of the main limitations of the studies presented in the current dissertation is the 
low number of participants to test the trunk and neck orthoses. Strictly maintaining 
ethical codes and striving to cause the least inconvenience to patients limited the 
patient numbers to only a few. As the project was mainly focused on development of 
the orthosis, we kept communicating with the potential users in several rounds and 
had several iterations of the orthoses at the expense of testing with few participants 
from one or two particular diseases only. Although the small numbers of patients were 
sufficient to perform preliminary tests, they do not allow to establish general patterns.

The experimental protocols were designed to minimize fatigue in the patients who 
participated. To ensure this, several pauses were given, and the number of repetitions 
was reduced relative to similar measurements in healthy participants. Thereby it was 
not possible to have enough data points to carry out statistical analyses in the patient 
studies. Moreover, it was clear that fatigue occurred in spite of rest breaks, and because 
the order of conditions varied across patients, this was possibly one of the reasons for 
large variability of findings across patients.

Any orthosis developed for NMD and MND patients should be customized to individual 
user requirements based on physical characteristics and capabilities. However, it was 
not always possible to optimally fit the orthoses to every participant, or to have a 
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separate version for each individual, due to large heterogeneity among the participants. 
For example, in case of the trunk orthosis the side links should be formed to match 
the body contour of each individual user to minimize obstacles for arm movements. 
For the neck orthosis a modular back pad for interfacing with head shape and a more 
comfortable strap to reduce pressure on the forehead after prolonged use would 
probably make the user experience much better. In addition, it might be needed to add 
individualized stabilizing supports to the trunk in weak patients, to avoid buckling and/or 
further reduce the required muscle effort. For te head support, individualization of the 
orientation and location of the axial rotation axis, or even a free axis, may be needed.

The tasks included in the experiments only represent a fraction of the ADL set and 
the orthoses were tested in simplified controlled conditions only. From first hand 
observations, it is already obvious that some aspects of the current designs can be 
improved. Improved versions should be tested with more extensive tasks and scenarios.

Another limitation is that the mechanical losses and hysteresis pattern of the developed 
orthoses are unknown. For example, in the Laevo system there is a substantial amount 
of potential energy loss in the system during upward motion [15]. As the trunk orthosis 
works on the same principle, similar effects may also have been present in the studies 
on the trunk orthosis (Chapters 3 and 4). However, this effect was not measured 
during the experiments presented in chapters 3 and 4. Also, for the neck orthosis, 
the spring pretension was modified to individual needs based on interaction with the 
user. However, it is unknown to what extent mechanical losses occurred while using 
the orthosis. From user feedback, it was clear that especially for axial rotation, friction 
rapidly increased, if the user tried to rotate around an axis outside the device axis. 
Also, it is possible that mechanical losses may change during repetitive motion of the 
orthoses. Extensive experiments to check all these aspects of mechanical performance 
are needed for more definitive designs.

IMPLICATIONS OF THE CURRENT STUDY – WHAT’S NEW?
Although the effects of the orthoses presented vary to a large extent among different 
participant groups, including substantial negative effects for the head orthosis for some 
patients, the present data provide valuable insights for the development of passively 
actuated assistive devices, for people suffering from NMD and MND. The implications of 
the results of the experiments presented in this dissertation can briefly be summarized 
as follows:

7
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 ̵ Healthy participants interact with the assistive devices in a consistent manner.

 ̵ Patients interact with the devices based on their physical conditions and that can 
vary to a large extent even within the same patient group.

 ̵ Both of the newly presented orthoses can reduce muscle activity level of the trunk 
and neck to some extent.

 ̵ Although the same gravity compensation principle can be applied across all groups, 
optimum usability of the orthoses would require individualized customization of 
the device.

 ̵ The performance of ADL by the NMD and MND patients can be positively influenced 
by providing movement possibilities with the help of the trunk orthosis. The effect 
of the neck orthosis on ADL is not yet proven.

 ̵ The newly developed trunk and neck orthoses presented here have the potential 
to be used by the users at home without substantial training and safety concerns.

CURRENT ONGOING IMPROVEMENTS OF THE ORTHOSES

Trunk orthosis

Several improvements to the design of the trunk orthosis have already been carried 
out. These were done based on the observations during the testing with healthy and 
DMD participants as well as on feedback obtained from the participants after the tests. 
The main features of the new design include:

 ̵ A more adaptable support level that can continuously be changed between 5Nm to 
25Nm peak moment for trunk inclination up to 40 degrees. Previously it could only 
be changed stepwise in steps of 5Nm.

 ̵ The whole structure has been made slender to make the system more inconspicuous 
and the structure has been extended with spring loaded shoulder links for the 
attachment of arm supports.
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 ̵ More degrees of freedom have been incorporated to allow trunk rotation and lateral 
bending up to 20 degrees.

Figure 1: The old (left) and new (right) version of the trunk orthosis

Neck orthosis

The next design iteration of the neck orthosis is still ongoing. We specifically focus on 
the following improvements:

 ̵ Motors have been installed along the rotational axis, to minimize the changes in 
muscle activity level of sternocleidomastoid muscle specially for pure rotational 
and combined motion.

 ̵ A six degree of freedom sensor has been incorporated in the structure, to develop 
force-based control of the orthosis. The sensor will read changes in force direction, 
the controller will translate this into movement intention and the motor will drive 
the system towards the desired direction.

 ̵ A locking mechanism has been added to lock the whole system into a static structure 
when gravity compensation is not required (for example whenriding wheel chair 
or automobile).

7
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Figure 2: The old (upper row) and the new version (lower row) of the neck orthosis

Future perspectives
The goal of the current project was to develop passively actuated trunk and neck 
orthoses for patients with NMD and MND. After developing and testing these orthoses 
the following implications with regard to the design of the orthoses can be deduced:

Depending on the disease progression and daily fatigue level the orthoses developed 
for NMD and MND patients should have the possibility to adapt the support level. Both 
the orthoses presented in the current dissertation have the option for changing the 
support level continuously within the required range.

Studies showed that appearance and inconspicuousness of assistive devices play 
significant roles in the acceptance of devices by the user [31,32]. Therefore, in the 
current project, users’ feedback was considered as the most important input during 
the design process. Making the orthoses as close to the body as possible and as 
inconspicuous as possible introduced several challenges such as limited space for 
attachment, sacrificing balancing qualities, introducing obstacles to arm movements 
during ADL, misalignments with anatomical joints etc. It has been observed from the 
user feedback that most of the users are willing to sacrifice functionality to some extent 
for better aesthetics. This is an important consideration for future developers.
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To successfully implement the developed orthoses in patient populations, it is of 
paramount importance that the users really feel the effect of the orthosis. Moreover, it 
can be speculated that the best way to get familiarized with using the device would be in 
a stage of the disease where the patient is not yet dependent on the orthosis. Therefore, 
the assistive devices presented in this dissertation might have better outcome in long-
term real-life usage.

Previous testing of orthoses specifically designed for people with NMD and MND 
is scarce. Therefore, comparisons with similar devices was not possible. We have 
developed the experimental protocols, to check the parameters most interesting for 
our purposes. This could be used as a template for testing devices developed later on.

Although the orthoses presented are in a final prototype phase, they are not yet ready 
to be commercially developed and available for home usage. We strongly believe that 
after extensive research and necessary modifications they will allow for improvement 
of the quality of living of NMD and MND patients in the future.

Conclusion

From the studies presented in the current dissertation, it can be concluded that the 
newly developed trunk and neck orthoses based on the principle of gravity balancing can 
have benefit for patients suffering from MND and NMD. This thesis provides solid initial 
designs and a preliminary understanding of user interaction with such orthoses, which is 
essential for developing new types of orthoses for the targeted groups. However, each 
of the orthoses requires further optimization based on the requirements of individual 
users. Further effort should be made to meet these individual requirements and the 
orthoses should be tested with larger groups of participants representing more types 
of MND and NMD.

7
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