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Abstract.

Background: To retard shortening of finger flexors in patients with Duchenne muscular dystrophy (DMD), hand orthoses are
prescribed. However, many patients do not wear the orthoses regularly. To optimize orthotic interventions, we need insight
into the factors influencing compliance.

Objective: To evaluate the compliance regarding hand orthoses in an adult DMD population and to explore experiences and
perceptions of DMD patients wearing orthoses, and of their caregivers.

Methods: Mixed methods observational study, combining quantitative and qualitative data from medical charts combined with
qualitative semi-structured interviews using a constant comparative method and a short validated questionnaire (D-QUEST).
Results: 65 medical charts were analyzed. 48 patients were assessed as needing hand orthoses, of whom 37.5 % were
compliant. Qualitative data analyses revealed (1) motivation: preservation of hand function; (2) barriers: discomfort and
impediments; (3) facilitators: good fit and personalized wearing schedule; (4) fitting process: satisfactory, but patients do not
readily seek help when barriers appear.

Conclusions: Patients are motivated to wear hand orthoses, but often discontinue use because of orthosis-and disease-specific
barriers. The identification of these barriers leads to practical and feasible recommendations concerning the orthoses and the
fitting process, such as less rigid material, preservation of some function while wearing the orthoses, and fixed evaluation
points. The findings were confirmed by the D-QUEST.
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INTRODUCTION

Duchenne muscular dystrophy (DMD) is a pro-
gressive X-linked neuromuscular disease that occurs
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in 1 in 5,000 live-born boys, resulting in mus-
cular weakness, associated motor delays, loss of
ambulation, respiratory impairment, and cardiomy-
opathy [1, 2]. Survival has improved in the past
decades thanks to multidisciplinary care, a combina-
tion of non-invasive mechanical ventilation support,
management of spinal deformity, prevention and
management of cardiomyopathy-related heart failure

ISSN 2214-3599/20/$35.00 © 2020 — IOS Press and the authors. All rights reserved

This article is published online with Open Access and distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC 4.0).


mailto:Saskia.Houwen@Radboudumc.nl

468 S.L.S. Houwen-van Opstal et al. / Experiences Regarding Wearing Hand Orthoses in DMD

and glucocorticoid treatment [3]. Although, the use
of corticosteroids delays loss of ambulation, patients
remain wheelchair-bound for the greater part of their
lives, meaning they heavily depend on their arm func-
tion [4]. However, their arm function also weakens
around the age of 13, and performance of activities
with their hands becomes more and more difficult [5].

The involvement of the arms has a pattern of prox-
imal to distal, meaning the hand function declines in
later stages of the disease. In particular, the elbow,
wrist and hand can develop contractures [6]. Stift-
ness seems to have a strong negative influence on
arm function [6]. Shortening of the long finger flex-
ors results in decreased mobility in wrist extension
with the fingers extended, which is detrimental for
maintenance of hand function in DMD patients [7].
Wrist and finger extension enables patients whose
proximal muscles are already weakened to lift their
hands and manipulate small objects such as joysticks
and help them move their forearms around the tray of
their wheelchair [7]. The loss of hand function further
reduces quality of life and the ability to perform and
participate in daily living activities [8].

The current available treatment for these imped-
ing long finger flexor contractures are passive hand
orthoses; however, compliance to wearing hand
orthoses appears low. Hand orthoses aim at maintain-
ing an active range of motion for the fingers and wrist,
and at slowing the development of contractures [9].
The benefit of orthoses was studied in DMD patients
with a wrist extension of less than 50 degrees by
Weichbrodt et al. [7]. Their results indicated positive
effects on joint mobility, grip strength and fine motor
function. However, despite these favorable results,
only three of the eight patients in that study con-
tinued to wear the orthoses in the follow-up phase,
due to fitting problems or other reasons. This corre-
sponds with our experiences from clinical practice,
where we notice that many patients do not wear the
hand orthoses regularly, for a variety of reasons. To
successfully retard shortening of finger flexors with
hand orthoses, we need to understand the factors that
influence patients’ compliance.

The aims of this study were as follows:

— to evaluate compliance in wearing hand orthoses
of adult DMD patients visiting the Neuromuscu-
lar Center of Nijmegen

— to explore experiences and perceptions of DMD
patients who are advised to wear hand orthoses,
as well as the experiences and perceptions of
their primary caregivers.

METHODS
Design

This is a mixed methods observational study, com-
bining quantitative and qualitative data from medical
charts with semi-structured interviews using a con-
stant comparative method [10] and a short validated
questionnaire.

Farticipants

From the database, we included all patients aged 18
and older who had a clinical and/or DNA-established
diagnosis of Duchenne muscular dystrophy, and had
visited the Neuromuscular Center of Radboud Uni-
versity Medical Center in Nijmegen, the Netherlands.

From the group of patients who were advised
to wear hand orthoses and who had received the
orthoses at least six months previously, we selected
patients and their primary caregivers to undergo
interviews and complete a validated questionnaire
(D-QUEST) about their satisfaction with the devices.
The researchers used information from previous
visits to purposively select patients with varying his-
tories of compliance. The intention was to include
the perspectives of very compliant patients, less com-
pliant patients and patients who did not wear their
orthoses at all. We aimed to include 6-10 patients and
their caregivers, until saturation was reached. Patients
and their primary caregivers needed to be able and
willing to participate in the interview.

Procedures

Retrospective data

We gathered quantitative data about the recom-
mendation for and compliance to hand orthoses and,
if available, qualitative data on perceptions and expe-
riences with hand orthoses from the medical charts.
The need for hand orthoses was assessed by an experi-
enced occupational therapist and was declared when
the maximum wrist extension with extended fingers
was less than 20 degrees. Another indication of the
need for orthoses is the perceived stiffness of the
long finger flexors and the progress of the shortening
compared to previous visits (>10 degrees per year).
When the hands were entirely dysfunctional because
of severe deformity, orthoses were no longer indi-
cated, except to prevent care problems. Information
on compliance and qualitative data about perceptions
and experiences were extracted from notes on ortho-
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sis wearing taken during the follow-up visits by the
rehabilitation physician, occupational therapist, or
other health-care professionals.

Semi-structured interviews

We asked patients and their primary caregivers
about their perceptions of the use of orthoses,
their experiences in wearing orthoses, the perceived
information about hand orthoses, their experiences
concerning the process of fitting, and the course
of events after delivery. Besides, we asked about
their activities and participation in daily life. Finally,
we asked if they had recommendations for improv-
ing the orthoses, the process or the compliance.
The interview guide was created and discussed
by occupational therapists with research experi-
ence, a physiotherapist and rehabilitation physicians
(interview guide available in the appendix). The
researchers (SH, NB, MZ, LdW, FvW) were trained
in the interview technique and supervised by an expe-
rienced qualitative researcher (EC), a rehabilitation
physician and an occupational therapist with vast
clinical experience.

To gain additional insight into the upper extremity
function of the interviewed population, the Brooke
scale [11, 12] was used. In the Brooke scale, the score
range is from 1 to 6; 1 means that the patient can fully
abduct the arms until they touch above the head, and
6 means that the patient cannot raise the hands to the
mouth and has no useful function of the hands.

D-QUEST

D-QUEST stands for Dutch version of Quebec
User Evaluation of Satisfaction with Assistive Tech-
nology. This is a validated questionnaire evaluating
the satisfaction with a device and the fitting process,
using a 5-point Likert scale. The higher the score, the
more satisfied patients are with the orthoses. Question
items on the device were size, weight, adjustability,
safety, sustainability, ease of use, comfort, effective-
ness. Question items on the process were delivery
services, repairs and servicing, professional services,
and follow-up services. Finally, patients were asked
to select three aspects from the items on the D-
QUEST that they found most important [13, 14].

Orthoses

The orthoses used in our clinical practice are
custom-made, using thermoplastic material and soft
straps. The shape of the splint depends on the degree
of deformity of the hand and the stretch with which
the patients are comfortable. Furthermore, it depends

Fig. 1. Volar view of an orthosis with integrated alarm button.

Fig. 2. Dorsal view of an orthosis with additional padding near the
web space.

on the position in bed, the degree of transpiration and
the need for adjustments, for example to handle an
alarm. Two examples of orthoses used by the patients
are seen in Figs. 1 and 2.

Data analysis

A descriptive analysis was performed on the quan-
titative data from the medical charts. Atlas-Ti 8.4.20
software was used to analyze the qualitative data
gathered from the medical charts and the interview
transcripts. Interview analysis involved three phases:
(1) transcription of the interviews; (2) reading and
coding of the interviews; and (3) discussing and inter-
preting the findings with the research group (SH,
EC, YvdE, MJ, 1dG, NB, MZ, LdW, FvW), using
a constant comparative method to ensure the data
were reviewed in depth. This process resulted in the
formulation of categories and themes [10].

After training, four occupational therapy students
(NB, MZ, LdW, FvW) performed interviews with two
patients and their caregivers, followed by transcrip-
tion and coding. The findings and the need to include
additional interview topics were discussed with the
experienced qualitative researcher (EC). Then, the



470 S.L.S. Houwen-van Opstal et al. / Experiences Regarding Wearing Hand Orthoses in DMD

students did another four interviews which were sub-
sequently analyzed and discussed by the research
group of experienced clinicians and researchers.
Finally, one more interview was held by the main
researcher (SH), who confirmed that saturation had
been reached.

Next, results from the D-QUEST were analyzed.
For all parts of the D-QUEST questionnaire, mean
and median outcomes were calculated. Satisfaction
with the orthoses and satisfaction with the services
were discussed separately. Finally, we listed the five
factors from the D-QUEST that patients considered
most important.

Ethical approval

Written informed consent was requested from
each participant and their primary caregiver sepa-
rately. In addition, permission was requested to record
the interviews and take pictures of the orthoses.
Data were anonymized and handled according to
guidelines for good clinical practice. Our study was
approved by the local medical ethics committee (no.
2019-5718).

RESULTS
Findings from the medical charts

The medical charts of 65 patients (>18 years) were
analyzed. Forty-eight patients (73.5%) had a wrist
extension of less than 20 degrees with extended fin-
gers and had been advised to wear hand orthoses
by the occupational therapist. Of these patients, 18
(37.5%) used the orthoses regularly, meaning every
night or every other night, at least four times a
week. Additionally, qualitative data of 41 patients
(63% of all medical charts) was available concern-
ing perceptions and experiences in wearing orthoses.
Common perceptions of patients were that orthoses
were necessary (n=238), but negative experiences in
the past with leg or hand orthoses discouraged some
patients from starting another course of orthosis
use (n=3). Common experiences with the current
orthoses were discomfort and pain due to fitting prob-
lems (n=11), or to stiff material on their trunk in
supine positions (n=4). Others included sleeping
problems (n =3); limitations of hand function while
wearing the orthoses, such as not being able to operate
an alarm (n=7); and sweating (n =2). Some patients
were not motivated or forgot to wear the orthoses
(n=3). An important practical comment from one

patient was that the orthoses were fitted in a seated
position, while they were worn in asupine position,
which caused fitting problems.

Findings from the interviews

The main characteristics of the patients partici-
pating in the interviews (n=7) are summarized in
Table 1. The patients’ age varied from 21 to 34. Six
patients suffered from cardiomyopathy, five patients
needed non-invasive ventilation and two were on
steroids. Six patients lived with their parents and one
lived in a care setting. One patient had a Brooke score
of 4 (“can raise hands to the mouth, but cannot raise
an 8-ounce glass of water to the mouth”), while all
others scored 5 or higher on the Brooke scale (“cannot
raise hands to the mouth, but can use hands to hold
a pen or pick up pennies from the table”, to “no use-
ful function of the hands”). Four of the patients had
an occupation, for which the use of a computer was
crucial. The main other daily activities were gaming,
computer, cell phone use and wheelchair hockey.

Four themes were identified which affected the use
of hand orthoses: (1) motivation: preservation of hand
function; (2) barriers: discomfort and impediments;
(3) facilitators: a good fit, easy to put on and personal-
ized wearing schedule; and (4) fitting process: fitting
needs regular attention.

Motivation: Preservation of hand function

The main reason why patients (6 out of 7) used
orthoses was their perception that their hand func-
tion would be preserved, and that participation in
important activities would remain possible for a
longer period. The most important activities for
which patients used their hand function were work-
ing with the computer, using a cell phone, gaming
and wheelchair sports. “In daily life I use the com-
puter and cell phone a lot, it shouldn’t happen that
you can’t use them anymore” [D3]. Four of the seven
patients experienced preservation of function, and
this gave them extra motivation to continue wear-
ing the orthoses. One patient sensed more suppleness
of the fingers after wearing the orthoses; however,
another patient experienced some stiffness in the
beginning after removing the orthoses. One of the
caregivers mentioned that the previous experience
with contractures in the legs were a good motiva-
tion to prevent contractures in the upper extremity as
much as possible.
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Table 1
Patient characteristics
Pl P2 P3 P4 P5 P6 P7
Age 22 26 30 26 26 34 21
Cardiomyopathy n y y y y y y
(y/m)
Ventilated (y/n) n y, non- y, non-invasive y, non-invasive y, non-invasive y, non-invasive n
invasive
Steroid use y n n n n n y
(y/n/previous)
Living situation With parents ~ With parents ~ With parents  In a care With parents ~ With parents ~ With parents
setting
Most frequent Parents Parents Parents, Professional Parents and Parents Parents
caregivers homecare caregiver care team
Brooke 5 5/6 5/6 6 5/6 5/6 4
Time orthoses 3 years ago 8 months ago 3 years ago 5 years ago right: 6 years 6 months 2 years ago
advised ago, left: 2
years ago
Wearing time Stopped, Stopped, Every night, Wears mainly ~ 3-4 times/wk  During the day 3-4
previously: previously: alternating, >8 the left side >8 alternating, 30-90 minutes times/week
4-5 hours per  3-4 nights a hours hours >8hours alternating,
night week, 4-5 >8hours
hours
Occupation Administrator - Chairman Activity Administrator - Seeking
center: editing further
movies education
Leisure activities ~ Gaming Computer Wheelchair Gaming Gaming, going Computer, cell Computer,
hockey out phone wheel-chair
hockey

Barriers: Discomfort and impediments

We distinguished two different categories of dif-
ficulties in wearing the orthoses. The first category
involved barriers with the orthoses themselves: five
of the seven patients experienced fitting problems
such as pressure spots on the knuckles or at the edges
of the orthoses, pain due to too much stretch on the
muscles while wearing the orthoses, or a numb feel-
ing in the hand or fingers when wearing the orthoses
for a longer period. “The orthoses pushed too hard;
I couldn’t keep them on” [D1]. These complaints
were resolved for three patients during the follow-
up visits, whereas they remained a barrier to wearing
orthoses in the other cases. Additionally, two care-
givers experienced abundant sweating of the patients
when wearing hand orthoses, due to the limited per-
meability of the material, which increased discomfort
and the risk of intertrigo. “In the morning, when we
remove the orthoses, there is a trickle of water in
them.” [caregiver, D4].

The second category involved disease-specific bar-
riers. To start, three patients explained that the
morning and evening care rituals are very time-
consuming and putting on and taking off orthoses
requires a great deal of effort. “At the moment,
the bedtime ritual takes so much time, I would

rather sleep than put on the orthoses” [D2]. Another
common experience is that wearing orthoses causes
additional limitations in moving the arms and hands.
The weight of an orthosis further limits the ability
to lift the forearm. “Normally he is using the fingers
to ‘crawl’ to move his forearm. With orthoses, this
way of moving the arm becomes impossible” [parent,
D1]. The decreased mobility of the arms, in combina-
tion with the hardness of the material, has a negative
influence on comfort when lying in bed, which is in
many cases already decreased. This situation can sub-
sequently lead to sleeping problems. “I often woke up
because of the orthoses, this was not okay, because
then my parents had to come downstairs to remove
them and put my arm in the right position” [D1]. In
addition, restriction of movement increased patients’
dependence, as they needed help to put on and remove
the orthoses. Moreover, they were not able to oper-
ate their alarm at night. This was an important topic
in four of the interviews, as it was frightening both
for patients and their caregivers. “If something was
wrong, or I needed to turn over at night, I couldn’t
operate the alarm. In the end, this was why I stopped
wearing the orthoses back then. Now that I have an
orthosis that leaves my index finger free to move, I
can use the alarm and I do wear the orthoses” [D3].
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Two parents added that changes in the care regime
were difficult for their son. Orthoses have to fit pre-
cisely because the wearer has high sensitivity and
a limited ability to adjust the orthoses. “He cannot
stand the orthoses, he feels every bump” [parent, D7].
One participant had a remark on the timing of the
recommendation to wear the orthoses. This recom-
mendation was issued when his hand function was
still adequate; to him, this felt a bit strange.

Facilitators: A good fit, easy to put on and
personalized wearing schedule

Factors that helped in wearing orthoses were in
many cases the opposite of the reported barriers.
When orthoses fit well, did not hurt and/or did not
hamper sleeping, patients felt less resistance to wear-
ing them. One patient preferred wearing the orthoses
during the day while watching a movie, because of the
distraction. He then was less aware of the orthoses.
The wearing schedule was also important. The option
of wearing the orthosis on alternate days improved
adherence in three patients and the addition of a tubu-
lar bandage underneath the orthosis helped to relieve
discomfort. The appearance of the orthoses did not
matter for 5 of 7 patients “The appearance doesn’t
matter to me, [ wear the orthoses at night, I don’t have
to show them to anyone” [D3]. Three patients became
more accustomed to the orthoses after wearing them
for a longer period. One participant suggested more
fancy colors.

Six of the caregivers mentioned that putting on and
taking off the orthoses was easy and quick; however,
it would help if patients could put on and remove
the orthoses themselves. Besides, two of them men-
tioned that experiences from peers (parents with a son
with DMD) could help in the motivational process: “I
spoke to parents of one of his peers from his hockey
team about the orthoses and discussed how they dealt
with this” [parent, D7].

Fitting process: Fitting needs regular attention

Six of the seven patients were satisfied with
the fitting process and the information received
during this process. Nonetheless, some important
remarks were made. First, even if the orthoses
fit immediately during the visit to the hospital,
this was not a guarantee of success when wear-
ing them at home. Sometimes patients experienced
discomfort after a few hours. One participant also
found that, the fit deteriorated even after a longer
period, probably due to progression of the hand
deformity.

The second important finding was that a majority
of the patients (4 out of 7) did not contact their (para)
medical professionals in case of problems, so the dis-
comfort or impeding factors were not reported, and
thus not resolved. Instead of addressing the problems,
patients discontinued wearing the orthoses. Two of
them said that, looking back, they should have sought
help sooner. “Now it’s going well. I should have
called sooner, but at one point I thought the orthoses
were a nuisance, so [ didn’t wear them. But, actually,
I had to report it” [D3]. One participant did address
the discomfort, but received an unsatisfactory answer:
“They said [ should try it again and for a longer period;
that was not what I was hoping for” [D6].

The most important reasons patients had for not
calling were that it was too much effort, it was not
worth taking the extra time, they forgot or had other
priorities, or it was not a standard topic during annual
visits to the hospital. “I think I didn’t report it, because
I could handle the discomfort” [D5]. Some indicated
that it would have helped if there was an extra eval-
uation opportunity a few weeks after the delivery,
while two patients found it pleasant that they did not
receive unnecessary appointments. They all felt it was
possible to contact the occupational therapist when
necessary.

If we asked about the role of the professionals in
the decision to wear the orthoses, five patients stated
that the occupational therapist and the rehabilitation
physician had the greatest influence on the decision.
Parents were supportive in remembering, but they left
the decision to wear the orthoses to their adult son.
“I keep encouraging him to wear the orthoses, keep
them in sight. But that’s all I can do” [parent,D1].
Two caregivers mentioned that peers could at least
influence their sons’ knowledge of orthoses, but this
was neither addressed nor confirmed in the interviews
with the patients.

D-QUEST

Five of the 7 patients completed the D-QUEST,
while 2 of the patients did not want to fill out the
questionnaire. The results of the D-QUEST are dis-
played in Table 2. First, the orthosis-specific section:
the items “safety” and “adjustability” were indicated
as “not applicable” by 4 and 2 patients respectively.
The lowest score was on the ease of use (median 4,
range 2-5). Regarding the process, the patients were
generally satisfied; all process items had a median
score of 4, and a range from 4-5.
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Table 2
Result of the D-QUEST

N=5 Items D-QUEST Valid Not applicable Median (range)

Orthosis-specific Size 5 0 4 (3-4)
Weight 5 0 4 (4-5)
Adjustability 1 4 5(5)
Safety 3 2 5(4-5)
Sustainability 5 0 4 (3-4)
Ease of Use 5 0 4 (2-5)
Comfort 5 0 44
Effectiveness 4 1 4.5 (4-5)
Orthoses in general 5 0 4 (3-4)

Process-specific Delivery services 5 0 4 (4-5)
Repairs and servicing 3 2 4 (4-5)
Professional services 5 0 4 (4-5)
Follow-up services 5 0 4 (4-5)
Process in general 5 0 4 (4-5)

The most important factors listed by the patients
include “comfort” (4x); “ease of use”, “effective-
ness” and “weight” (3x); “professional services”

(1x).

DISCUSSION

This study has provided insight into the factors
that influence compliance with hand orthosis wearing
in DMD patients. In our population the compliance
appeared low; only 18 of the 48 patients who were
advised to wear hand orthoses actually wore them. We
identified motivations, barriers and facilitators related
to wearing hand orthoses in DMD patients which lead
to practical recommendations.

The motivation of patients to wear the orthoses
was driven by the idea and/or realization that they
could maintain their hand function, activities and
participation level. This is in line with previous lit-
erature showing strong relationships between muscle
strength, ROM and distal motor function of the upper
limbs, suggesting the importance of maintaining ade-
quate levels of range of motion, with the long-term
goal of preserving distal motor function of the upper
limbs [9, 15]. Besides, the patients in our study men-
tioned that professionals had considerable influence
on their motivation and compliance.

We found two categories of barriers: orthosis-
specific barriers and DMD-specific barriers. The
orthosis-specific barriers, including complaints about
the material, permeability, fitting issues and pain
due to too much stretch have not been previously
described in the DMD population wearing hand
orthoses. However, a study within the broader neu-
romuscular field reported that hand orthoses can

interfere with activities, cause pain, disturb sleep
and increase of the burden of care [16]. Moreover,
Andringa et al. [17] described dynamic hand-wrist
orthosis tolerance in daily use in chronic stroke
patients. In this study, compliance was influenced
by performing special activities such as going out,
shopping, swimming, or cycling. This study also
mentioned problems such as wearing clothes with
sleeves too narrow to fit the orthosis, lack of help with
putting on the orthosis, problems of tolerance, such
aspain in the fingers or extensormuscles, or being
tired of wearing the orthosis. Pressure ulcers were
also reported. Although the target population differs,
the orthosis-specific barriers are similar.

The DMD-specific factors, such as the great num-
ber of care interventions, further limiting of function
and dependence on others, are impediments to com-
pliance. This is also seen in other studies where
aids are implemented to support DMD patients. For
example, during a pilot study on supported standing,
adherence was affected mostly by practical factors
(device malfunction, long school days limiting time
at home), but by motivational factors and physical
factors as well [18].

Additionally, a web-based questionnaire showed
that, despite the existence of upper extremity impair-
ments, only 9% of the DMD patients used supportive
aids [6]. Van der Heide et al. [19] studied the per-
ceived benefits of dynamic arm supports and their
relatively high levels of non-use. They found that
availability and insufficient support for important
movements were reasons for the non-use. Besides,
caregivers are needed to put on and remove the arm
support, while in some cases it is more convenient
for patients and caregivers to support the activity
itself instead of using the support. We confirm in our
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study that the disease-specific barriers do not always
outweigh the benefits of aids.

The decision to prescribe hand orthoses, and its
timing, are points of discussion. To our knowledge,
there is no evidence-based guideline available. On
the basis of clinical experience, Weichbrodt et al. [7]
recommended orthoses when the passive wrist exten-
sion with extended fingers dropped to 50 degrees.
In our clinical practice, we advise orthoses when
wrist extension with extended fingers drops below
20 degrees. As we mentioned before, other factors
such as the use of the hands, increased loss of mobil-
ity and stiffness of the joints influence the decision
to recommend hand orthoses. We recommend fur-
ther research to obtain better insight into the natural
course of the shortening, which can aid the timing of
the recommendation for hand orthoses.

A limitation of our study was that compliance was
distracted from the medical charts, which can lead to
an overestimation if patients tended to give socially
desirable answers. To enhance and monitor compli-
ance more precisely, it would be useful to involve
occupational therapists from the community who can
visit the patients or make use of diaries completed by
patients or their caregivers.

Multiple strengths of this study can be identi-
fied as well. A major strength is that the interviews
focused on participants’ perceptions and experiences,
so patients had the opportunity to address all relevant
aspects of the orthoses and the fitting process. Tri-
angulation took place by asking both patients and
their caregivers to give input. Barring a few small
disagreements, no major differences were found in
their experiences with hand orthoses. This is probably
because the majority of the caregivers left the respon-
sibility of wearing the orthoses to their sons. Another
strength was the purposive selection, resulting in
different views on compliance and strengthening
the corresponding opinions. Moreover, triangulation
was also created by comparison of the qualitative
data from the medical charts with the data from
the interviews [20], which gave comparable top-
ics. Finally, to objectify our qualitative data, we
deliberately administered the D-QUEST after com-
pleting the interviews. In this way, patients were
not biased in mentioning themes which were impor-
tant to them during the interviews. Nevertheless, the
results from the D-QUEST confirmed the findings of
the qualitative research. The topics selected by our
patients, namely comfort, ease of use, effectiveness
and weight, were also selected by patients in other
studies using the D-QUEST [21]. This confirms our

previous findings that many orthosis-specific barriers
can be generalized to different populations.

After identifying motivations, barriers and facil-
itators, we can formulate practical and feasible
recommendations to enhance compliance in wearing
hand orthoses. First, we recommend using light and
permeable material with a soft coating, and to provide
stretch, but avoid too much stretch which causes pain.
It is also important to fit the orthoses in the position
they are eventually used (most of the time in a supine
position), as this will increase the chance of a good fit.
Putting on or removing the orthoses should be quick
and easy. Additionally, we recommend looking for
ways to help patients do this on their own. One patient
challenged the professionals to incorporate stretch-
ing opportunities into their daily activities, such as
modified controllers, as many patients play computer
games for several hours a day. We support the idea
of incorporating the use of a stretching orthosis into
daily activities.

In addition, we recommend that professionals
should identify incentives and barriers concerning the
use of orthoses at the very beginning of the process,
before manufacturing the orthoses. This includes
items such as patients’ ability to operate the alarm or
use a cell phone, evaluation of sleeping positions, and
feasibility of the wearing schedule. This way, expec-
tations can be managed and barriers can be overcome
before the orthoses are actually used.

Finally, our results show that patients did not ask
for help when barriers appeared. They discontinued
wearing the orthoses, or gave in to the barriers with-
out ringing the bell. Therefore, we recommend fixed
evaluation points after delivery of the orthoses, to
help patients to address problems and solve them
whenever possible. Because problems can occur on
both the short and long term, we advise that the
occupational therapist from the neuromuscular team
should perform an evaluation in the phase shortly
after the delivery of the orthoses. In the chronic
phase, the occupational therapist in the community
can be instructed to plan home visits and evaluate the
orthoses.

In conclusion, this study has revealed the
most important motivations, barriers and facilitators
involved in wearing hand orthoses by DMD patients,
which has led to practical and feasible recommen-
dations. This gives us the opportunity to improve
care and compliance, and to prevent further short-
ening of the long finger flexors with the help of
orthoses. Additional research on the recommenda-
tion to wear hand orthoses, including the timing of
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their implementation during the course of the disease,
is warranted.
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