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A mixed method study exploring patient satisfaction
and feasibility of two exercise programmes in
systemic sclerosis-associated microstomia
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Abstract

Objective. SSc often leads to fibrotic cutaneous involvement of the face and reduced oral aperture,
with impaired food intake and oral hygiene. Oral exercises can increase oral aperture but are often
hampered by low adherence rates. The aim of this mixed method study was to explore the feasibility,
patient satisfaction and effectiveness of two exercise programmes in SSc-associated microstomia.

Methods. Adult patients suffering from SSc and microstomia (maximal oral aperture <40mm) were
randomized to two groups. Group A exercised with a jaw motion device (Therabite), whereas group B
performed mouth-stretching exercises. Patients were expected to exercise for 10 min, three times per
day for 3months. Patients were evaluated at baseline, 3 months (period without intervention), 6 months
(after 3months of intervention) and 9 months (post-intervention). At month 6, semi-structured one-to-one
interviews were conducted.

Results. We included six women and three men, median age 60years and median disease duration
8years. At 6months, all patients in group A (n=4) and four in group B (n=5) improved, with a median of 9
and 7mm, respectively. The adherence ranged between 63.7 and 98.9% in group A and between 48.5 and
97.4% in group B. The interview revealed three themes: drivers, challenges and perceived improvement.

Conclusion. Both interventions improved maximal oral aperture. The adherence to therapy was high,
but none of the patients considered it feasible to continue practising three times per day. Future stud-
ies are needed in order to define feasible long-term exercise programmes.
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Key messages

o Exercises can improve the maximal oral aperture if the frequency, duration and the number of repetitions
is sufficiently intensive.

« Continuing to exercise three times a day is not feasible for adults with SSc.

o It is necessary to define feasible exercise programmes for professionally active patients that can be sustained
in the long term.

Introduction disease feature [1]. Reduced oral aperture is frequent
and associated with impaired food intake, reduced oral
SSc is a severe autoimmune disease, and fibrotic cuta- hygiene and secondary dental problems [2].

neous involvement of the hands and face is a typical ~ Microstomia is defined as an interincisal distance
smaller than 40mm [3]. Exercises [4-7] and injection
therapy [8] have been suggested to restore or maintain
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mouth opening and freedom of lip movement to improve
patients’ quality of life. Several studies have shown that
stretching (placing the thumbs in opposite corners of
the mouth and pulling outward) and oral augmentation
exercises (training with tongue depressors) can increase
oral aperture in patients with SSc [4-7]. In a study by
Yuen et al. [9], the authors could not show a significant
improvement and highlighted the low exercise adher-
ence rate. The passive jaw motion therapeutic device
Therabite is effective in increasing the range of motion
in patients with TM joint and muscle disorders, but data
in SSc-associated microstomia are lacking [2, 10].
Furthermore, there are no studies investigating the feasi-
bility of these exercises.

In this pilot study, we aimed to explore feasibility, pa-
tient satisfaction and effectiveness of two different exer-
cise programmes, Therabite and orofacial exercises, in
SSc-associated microstomia.

Methods
Study design

A descriptive explorative convergent mixed method
study was conducted from January 2017 to June 2018.

Patient selection and randomization

We addressed all adult SSc patients (>18years) with
microstomia (maximal oral aperture <40mm), fulfiling the
ACR/EULAR 2013 criteria [11] who presented during 1 year
at an outpatient visit at the Division of Rheumatology of
the University Hospitals Leuven. The subtype of SSc was
classified according to criteria by LeRoy et al. [12].
Patients with a history of maxillary or mandibular fractures,
infection, osteomalacia or osteoradionecrosis were ex-
cluded. Research ethics committee approval was obtained
from our local Institutional Review Board. Patients pro-
vided written informed consent and were randomized to
two groups in a 1:1 ratio by means of a randomization list.

Intervention

Group A exercised with a passive jaw motion device
(Therabite), whereas group B performed manual mouth-
stretching exercises. Both groups were asked to exercise
for 10min, three times per day for 3 months. Our depart-
ment provided the device Therabite free of charge to the
participants for the duration of the study, without sponsor-
ship. At the start of the intervention, the participants prac-
tised their exercises together with the occupational
therapist (E.S.), and written instructions (including photo-
graphs) were provided. A description of the exercises for
both groups can be found in Supplementary Figs S1 and
S2, available at Rheumatology Advances in Practice online.

Study time line and assessments

A detailed study time line is shown in Fig. 1. The base-
line visit was followed by a 3month non-interventional
observation period. The interventional phase of the

study lasted for 3 months (from 3 to 6 months), followed
by a post-interventional observation period of 3 months
(from 6 to 9months). Patients were assessed at base-
line, 3, 6 and 9 months, documenting oral aperture, skin
thickness and patient-reported outcomes.

The oral aperture was defined as the vertical distance
from the bottom of the maxillary incisor to the top of the
mandibular incisor with the mouth opened. All measure-
ments were performed by the same assessor (E.S.) us-
ing digital callipers. Three consecutive measurements
were performed, with a 5s rest interval, and averages
were calculated [13].

During the interventional period, patients were contacted
four times by telephone to address problems encountered
and provide guidance. These follow-up calls lasted 5-
20min. Interview guides can be found in Supplementary
Tables S1 and S2, available at Rheumatology Advances in
Practice online. The subjects completed an exercise diary
to document adherence. Adherence was defined as the
proportion of executed exercises to the planned number,
expressed as a percentage.

The interventional period ended at time point
6 months. When completing the interventional phase,
patients were at liberty to continue exercising at their
own pace, continuing diary recording but without follow-
up telephone calls. The end of the interventional period
(6months) included a one-to-one interview, performed
by E.S., using a semi-structured interview guide.
Interviews were recorded, transcribed verbatim, anony-
mized and systematically analysed using The Qualitative
Analysis Guide of Leuven (QUAGOL) [14]. E.S. read and
reread all transcripts and important units weregrouped
into natural subthemes and then overarching themes. A
subset was analysed independently by E.D.L., and this
was followed by a team discussion of combined findings
together with our rheumatologists. Based on these dis-
cussions, the final themes and subthemes were refined.

Ethics

All research subjects participating in this study provided
written informed consent. Consent was obtained from
all participants by the principal investigator.
Documentation for the informed consent process and
the signed consent forms are maintained in study bind-
ers at the Department of Rheumatology, University
Hospital of Leuven in Belgium. All informed consent
forms were reviewed and approved by the Ethical
Committee of the University Hospital of Leuven (S59817,
23 December 2016). All subjects were also provided
with copies of their signed informed consent forms to
be kept in their own records. Copies of the informed
consent forms are available for review if necessary.

Results
Patient recruitment

During the 1year recruitment period, 34 patients were
considered eligible for the study. Nine patients
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consented to participate. The recruitment process can
be found in Fig. 2.

Baseline patient data

Six women and three men were included, with a median
age of 60years (range 40-75years) and median disease
duration of 8years (range 3-22years) (Supplementary
Table S3, available at Rheumatology Advances in
Practice online.). Four patients were allocated to the
Therabite group (group A) and five to the manual group
(group B). No significant difference was found between
the groups (P > 0.05 using the Mann-Whitney U test).

Efficacy and adherence

At time point 6 months, oral aperture improved in all
patients in group A (n=4) and four patients in group B
(n=5), with a median of 9mm (range 2-10mm) and
7mm (range 4-11 mm), respectively (Fig. 3). In one pa-
tient of group B, maximal oral aperture decreased by
2mm over time. Adherence ranged from 63.7 to 98.9%
in group A and from 48.5 to 97.4% in group B. During
the follow-up period there was always a decrease in
oral aperture among the participants who stopped prac-
tising (Supplementary Table S4, available at
Rheumatology Advances in Practice online). There was
lasting improvement if they had continued exercising
three times per week, once per day and maximal im-
provement at two times per day.

Semi-structured interviews

All nine participants in the exercise programme partici-
pated in the interview, which lasted 30-60min. Three
main themes emerged from the data: drivers (Table 1),
challenges (Table 2) and perceived improvement
(Table 3).

https://academic.oup.com/rheumap
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questionnaire:
feasibility and satisfaction

‘ Stop of obligatory
intervention

Theme 1: drivers

Participants highlighted several drivers that motivated
them to perform the exercises at home.

Motivated by participating in a study

In both exercise groups, several participants were addi-
tionally motivated because of their participation in a
study.

Motivated by functional disability

All participants experienced functional disabilities owing
to microstomia and were concerned that their microsto-
mia would worsen.

Supportive factors

All participants of the Therabite group and one patient
of the manual exercise group described extrinsic moti-
vational factors. They were motivated primarily by indi-
viduals in their environment or from the follow-up calls
by the occupational therapist. Most of the participants
placed their device or their instruction papers in a visible
location, functioning as a memory aid.

Theme 2: challenges

Participants mentioned several challenges related to the
feasibility of the home-based exercises.

Time investment

In both groups, participants experienced a substantial
time investment to complete the exercises on a daily
base. Before initiating the exercise programme, they
expected that performing the exercises for 10 min three
times during the day would be easy to complete. All
participants experienced that exercising three times a
day was not feasible to implement into their daily
routine.

Mental struggle
All participants mentioned that it was hard to maintain
their motivation to keep doing the exercises.
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Fic. 2 The recruitment process
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aperture <40mm), fulfilling the ACR/EULAR 2013 criteria
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Exercises for SSc-associated microstomia

TasLe 1 Theme of drivers, subthemes and some of the participants’ narratives

W ETLRGEGES Subthemes Participants’ narratives

Drivers Motivated by the study I made a promise; if | make a promise to someone, | will keep it. (Male,
60, Therabite)
If it doesn’t help me, maybe it will help somebody else. For the future,
that others are getting better of it. (Female, 61, manual)

Motivated by functional disability Well, | don’t have lips any more. When | drink a cup of coffee ... | al-
ways heed to clean up with a napkin, otherwise there’s always drop-
lets and you do feel like that’s a handicap. (Male, 56, Therabite)

Supportive factors It was motivating that you called me. It was a good motivation. It was a
short conversation but still.. . . (Female, 55, manual)

TasLE 2 Theme of challenges, subthemes and some of the participants’ narratives

Main themes Subthemes Participant’s narratives

Challenges  Time investment The duration, it’s no time at all, it doesn’t take long, but still, it needs a
while. (Male, 56, Therabite)
Three times a day is REALLY ... yes, it is really tough that way. (Female,
40, Therabite)
Certainly not three times a day. Two times a day but reluctantly, I’d rather
not really. Keeping it up is difficult. But | do want to keep doing it in the
mornings. (Male, 60, manual exercises)

Mental struggle It's not something you do for fun, I’'m telling you, the amount of effort is
underestimated. (Female, 61, manual exercises)
Need of routines In the mornings, first a drink, something to eat and then practice. (Female,

47, Therabite)

For my daily routine, | scheduled everything around the oral exercises.
Well, not always, but you do need to take it into account all the time.
(Female, 40, Therabite)

Physical consequences Yes, at the start, during the first week | was thinking, ‘Do not do that, do
not do that’; if | have to be honest, | did not feel good, | had pain there,
pain here. The first week was a real challenge. (Female, 47, Therabite)

Technical limitations of the Therabite .. .at a certain point when | put the Therabite into my mouth, then my teeth
could actually come off of those pads. (Male, 56, Therabite)

Less enjoyable exercises The third exercise, laughing with a closed mouth, that was hard, | wanted
to perform perfectly but | didn’t feel if | did it well. (Male, 61, Therabite)

TasLe 3 Theme of perceived improvement, subthemes and some of the participants’ narratives

Main themes Subthemes Participants’ narratives
Perceived Experiencing Yes, with eating and articulating. Eating is easier. (Female, 55, man-
improvement progress ual exercises)

| have not felt much difference myself. That is why | am pleasantly
surprised. | had not noticed it myself. (Female, 71, manual
exercises)

If there was anyone else who was required to do it, | would immedi-
ately tell them, “You should try it, you won’t have any disadvan-
tages’. (Male, 60, Therabite)

Hope to retain progress | do hope, though, that the 3 months I’ve done, that that wasn’t
wasted effort; imagine that. (Female, 61, manual exercises)
Necessity for continued training | think there will be a limit to how far you can get, but | suspect that

you have to keep it up regularly, otherwise it may worsen again.
(Female, 71, manual exercises)
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Need for routines

Participants highlighted how important it was to develop
a routine. To support the daily routine, most of them
combined their exercises with another activity that they
were doing on a daily basis. The mid-day period was
challenging, because many participants were not at
home at this time of the day, and mid-day planning was
less structured compared with mornings or evenings.

Physical consequences

Most of the participants experienced physical conse-
quences, especially in the first week. For some partici-
pants the physical consequences persisted after the
first week, but the type and seriousness varied. Two
participants adjusted the frequency of the exercises
because of pain at the corners of the mouth or pain at
the neck.

Technical limitations of the Therabite

The participants of the Therabite group indicated limita-
tions related to the device. For half of them the possibili-
ties were not challenging enough, and they also missed
horizontal exercises. Two participants found that the de-
vice was too large, meaning that they did not like to
take the device with them when leaving the house.

Less enjoyable exercises

Everyone in the manual exercise group had an exercise
they did with less pleasure. In the Therabite group, the
participants had no comments about the exercises.

Theme 3: perceived improvement

Participants also had several different perceptions about
their improvement.

Experiencing progress

Several participants experienced functional improvement
in their daily living. Other participants did not experience
subjective improvement but were surprised by the ob-
jective measurements. The participants had an overall
positive experience.

Hope to retain progress
Most of the participants were hoping that they could
maintain their improvement.

Necessity for continued training

Everyone indicated that it would probably be necessary
to continue practising, but they all hoped that it could
be less intensive.

Discussion

The present study is the first to explore the feasibility
and satisfaction of mouth exercises and the use of the
Therabite device for microstomia in patients suffering
from SSc. Previous studies have shown that oral aug-
mentation exercises increase oral aperture [4-7], but did
not include the experience of the participants. The
results of the present study suggest that both

interventions can improve the maximum oral aperture.
The improvement in the observed maximum oral aper-
ture (11 =2mm) is comparable to previously published
work by Pizzo et al. [7] (10.7 £2.06 mm). In that study,
participants were monitored every 2 weeks, whereas in
the present study more self-discipline was expected
from the participants. Other studies reported smaller
improvements [4,15-16).

The observed improvement in the maximum oral aper-
ture suggests that the applied regimen (frequency, dura-
tion and number of repetitions) is effective. The 30s
stretch duration and the 10 min duration three times a
day was based on the comments in the study by
Maddali-Bongi et al. [4]. Concerning the type of exer-
cise, we opted to use only exercises without involve-
ment of fingers in the mouth, because of sensitivity and
wounds on the fingers, and this contrasts with other
studies. The improvement gives an indication that man-
ual exercises without using the fingers in the mouth can
be efficient. Previous studies investigating the effects of
the Therabite device on other conditions have shown
that the Therabite device offers more comfort for the pa-
tient than using tongue depressors [10].

In our study, the frequency (three times per day) was
a stumbling block for our professionally active patients.
Also, only patients who experienced functional disability
as a consequence of microstomia consented to partici-
pate. In clinical practice, this will be a very important as-
pect to consider. This can be seen as selection bias and
could have influenced the high adherence rate that was
shown in the present study. In previous studies it is
clear that few participants persist in practising [15]. It is
conceivable that a 3month exercise period could in-
crease patient adherence compared with a 6 month
period.

During the follow-up period there was always a de-
crease in oral aperture in the participants who stopped
practising. There was improvement if they had contin-
ued exercising three times per week, once a day, and
the most improvement at two times per day. Further re-
search for long-term follow-up is necessary.

From the interviews, facilitating factors have been
identified that motivate patients and increase the feasi-
bility of the exercises. It is important to take into ac-
count that different participants maintained a high
adherence rate solely because of their participation in a
trial. Supportive factors are also an attentive partner
and/or involved health professionals. In the future it
would also be possible to work with a mobile application
that provides a notification. If there are few supporting
factors in patients, it might be important to provide
more support via telephone monitoring.

Various challenges also emerged from this study. The
time investment and the mental struggle to keep up
exercising threatened the feasibility of continuing to
practise three times per day in the long term. All partici-
pants considered once a day to be feasible. In clinical prac-
tice, health professionals could recommend adults with
microstomia to exercise intensively (three times per day) for

https://academic.oup.com/rheumap



3 months to obtain an improvement and to maintain this im-
provement by exercising once a day. It is also important to
try to do the exercises together with a routine daily activity,
and all participants preferred to exercise in the morning or
the evening. The follow-up telephone call after 1week is
crucial to be able to offer support and to prevent physical
complaints, such as pain. It is crucial to downsize the
instructions ‘keep the mouth as large as possible’; it has to
be as large as possible without obtaining pain during or af-
ter the exercise. Patients underestimated that they had to
keep the same position for 30s.

Furthermore, when deciding which intervention to use, it
is important to consider the various advantages and disad-
vantages. Six of the nine participants reported side effects.
Two participants from the Therabite group and one from
the manual group did not experience any side effects. The
side effects varied in nature and severity. Two participants
exercising with manual exercises had pain at the corners
of the mouth, meaning that they had to adjust the fre-
quency of the exercise. One participant from the Therabite
group had cramps under the chin, and three participants
suffered from neck cramps (two from the Therabite group
and one from the manual group). In one of these partici-
pants, exercising with Therabite, these pains were so in-
tense that the participant had to adjust the frequency to
two times per day. Yawning was provoked in one partici-
pant during the manual exercises.

The Therabite has a purchase price of €412.80 (ex-
clusive of VAT) and is not reimbursed in Belgium,
whereas there are no costs associated with the manual
exercises. With the Therabite, the exercises are only
vertical, whereas the manual exercises include both
vertical and horizontal exercises. Participants also ex-
perienced that the Therabite exercises were not chal-
lenging enough and that they could open the mouth
further than the device itself. Everyone in the manual
group had an exercise they did with less pleasure; for
therapists, it will be important to coach the patients
and to adapt the exercises according to the needs of
the individual patient.

The participants all believe that practising should be
part of their lives, but they hope it can be less intensive.
Further research is needed into feasible exercise pro-
grammes with a lower frequency.

A recent study [8] suggests that a treatment with
injections (hyaluronic acid and platelet-rich plasma) also
improves both maximal oral aperture and quality of life.
It is noteworthy that these injections require general an-
aesthesia and are invasive procedures. Exercises are
accessible for everyone and can be done without sub-
stantial costs.

The strengths of this study are the availability of quali-
tative interview results for all patients, providing insight
into the psychosocial aspects associated with the feasi-
bility of the proposed exercise programmes. Limitations
are the low number of participants, precluding state-
ments on the effectiveness of either of the interventions,
and the lack of blinding of the health professional; there
was nothing added to aim to reduce this bias.

https://academic.oup.com/rheumap
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This study shows that exercises can improve the
maximal oral aperture if the frequency, duration and the
number of repetitions is sufficiently intensive. In conclu-
sion, patients with SSc need to be aware of the benefit
of physical exercises to improve microstomia. As a ther-
apist, it is crucial to educate patients on this topic, and
our study can serve as guidance for attention points to
take in account.

Further studies are needed in order to define exercise
programmes that are feasible for professionally active
patients and can be sustained in the long term. It should
therefore be considered whether the same exercises
with the same duration and number of repetitions would
also have an effect with a lower frequency. To increase
sample size, a multicentre study might be necessary for
this rare disease.
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