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Abstract

Objective: Decreased maximal mouth opening is a common and disabling manifestation in systemic sclerosis patients.
We aimed to study the course of maximal mouth opening, determinants of smaller maximal mouth opening over time
and the burden of smaller maximal mouth opening on mouth handicap.

Methods: Consecutive systemic sclerosis patients participating in the prospective Leiden Combined Care in systemic
sclerosis cohort were included. Annual clinical assessment included maximal mouth opening measurement and
mouth handicap evaluation (Mouth Handicap in Systemic Sclerosis scale). Presence of microstomia (maximal mouth
opening <30mm) was studied. Maximal mouth opening over time was assessed on group level and for all patients
individually. Baseline characteristics were analysed for their association with smaller maximal mouth opening over time
(linear mixed-effects models). Furthermore, cross-sectional association between maximal mouth opening with Mouth
Handicap in Systemic Sclerosis scale was assessed (linear regression analysis).

Results: A total of 382 systemic sclerosis patients were studied with median follow-up time of 2.0years (interquartile
range=0.0-3.0). At baseline, mean maximal mouth opening was 42.2 +=8.0mm and 7% suffered from microstomia.
Annual decrease of > 5.0 mm in maximal mouth opening during follow-up occurred in 63 patients and was accompanied
by increase in disease severity. Disease characteristics at baseline independently predictive for smaller maximal mouth
opening over time were: more extended skin subtype; peripheral vasculopathy; pulmonary, renal and gastrointestinal
involvement. Smaller maximal mouth opening was significantly associated with more reported mouth handicap.
Conclusion: The course of maximal mouth opening is stable in a majority of systemic sclerosis patients. Still, maximal
mouth opening over time was smaller in patients with more severe organ involvement. Although microstomia was
infrequent, a smaller maximal mouth opening was significantly associated with more mouth handicap, indicating the
importance to address maximal mouth opening in routine care of systemic sclerosis patients.
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Introduction

Systemic sclerosis (SSc) is an inflammatory disease char-
acterized by fibrosis and vasculopathy involving the skin
and vital organs.' A large humanistic burden to SSc patients
is imposed by the disease and its manifestations, including
mouth handicap.? Mouth handicap in SSc patients occurs
frequently and comprises several aspects including xeros-
tomia, reduced maximal mouth opening (MMO), widen-
ing of the periodontal ligament space, resorption of the
mandibula and synovitis of the temporomandibular joint
(TMJ).23

The mouth handicap of interest in this study is the
MMO, which is measured by the maximal interincisal dis-
tance. There is no normal value for MMO defined in litera-
ture since it depends on age, sex and ethnic origin, but an
MMO < 30.0mm is defined as microstomia.** MMO in
SSc patients is declined compared to healthy people as a
consequence of fibrosis and loss of tissue elasticity.> A
smaller MMO has been correlated with disease severity in
cross-sectional research and with lower health-related
quality of life over time.”® Apart from the mouth handi-
cap, the fibrotic process in the face and mouth causes con-
siderable concerns about disfigurement and lower
self-esteem.'%12

Exercise programmes seem to have some positive effect
on mouth opening, although content and dosage of exer-
cise programmes vary between studies.'® The natural his-
tory of MMO in SSc has not been described, which
contributes to a difficult interpretability of intervention
studies on MMO. Furthermore, it is unknown which
patients are prone to develop a decrease in MMO. One
could hypothesize that higher disease activity in SSc
involves reduced MMO, but since SSc is a heterogeneous
disease with varied outcomes and different patterns of
organ-based complications, it is of interest to assess more
specifically which patients are at risk. These considera-
tions prompted this study in which we aimed to describe
the course of MMO in SSc patients and to analyse disease
characteristics that are associated with a smaller MMO
over time. Second, we aimed to assess the burden of MMO
on self-reported mouth handicap.

Methods

Patients and study design

For this study, we used data of the Combined Care in
Systemic Sclerosis (CCISS) prospective cohort of the
Leiden University Medical Center.'* Patient with a clini-
cal SSc diagnosis with at least one MMO measurement
available and who were enrolled in the CCISS prospective
cohort between April 2009 and December 2015 were
evaluated in this study. Patients were classified as SSc
using the American College of Rheumatology (ACR)/
European League Against Rheumatism (EULAR) 2013

classification criteria and were classified as limited or dif-
fuse cutaneous SSc (IcSSc, dcSSc) according to the clas-
sification system described by Van den Hoogen et al. and
LeRoy and Medsger'>!® Patients without skin fibrosis
were classified as non-cutaneous SSc.

The CCISS cohort has previously been described in
detail.'* In short, all patients in the cohort undergo annual
extensive screening during a one- or two-day healthcare
programme, including detailed physical examination, a
modified Rodnan skin score (mRSS) assessment, labora-
tory testing, echocardiography, electrocardiogram (ECG),
Holter evaluation, pulmonary function test and high-reso-
lution computed tomography (CT) for evaluating intersti-
tial lung disease. The MMO was measured annually by a
trained physical therapist using a digital calliper.'” In addi-
tion, mouth handicap was assessed annually by the Mouth
Handicap in Systemic Sclerosis scale (MHISS) question-
naire. The MHISS has been validated previously and is
acknowledged in the EULAR Outcome Measures Library.
The MHISS was used to evaluate the degree of mouth
handicap in SSc according to the patient in three domains:
mouth opening restriction, mouth dryness and aesthetic
concerns.'>!® The study protocol for the CCISS cohort
(REU 043/ SH/sh) was approved by the Ethics Committee
and all patients provided written informed consent.

Organ involvement

For this study, clinical characteristics of patients were
evaluated and included seven organ domains: 1: skin sub-
type (non-cutaneous SSc, limited cutaneous SSc and dif-
fuse cutaneous SSc), 2: peripheral vasculopathy [yes/no]
(presence of pitting scars and/or digital ulcers), 3: heart
[yes/no] (reduced left wventricular ejection fraction
(LVEF <54%) and/or conduction abnormalities detected
during ECG or Holter registration), 4: lung [yes/no] (pres-
ence of interstitial lung disease, defined as alveolitis and/
or fibrosis detected on CT-imaging in combination with
decreased lung function (forced vital capacity (FVC) < 80%
and/or diffusing capacity of the lung for carbon monoxide
(DLCO) < 70%)), 5: renal [yes/no] (presence of proteinu-
ria of =500 mg per 24 h and/or renal crisis in the past), 6:
gastrointestinal [yes/no] (presence of at least one of the
following characteristics: dysphagia, vomiting, gastric
antral vascular ectasia, intestinal distension and faecal
incontinence) and 7: musculoskeletal [yes/no] (presence of
at least one of the following characteristics: synovitis, fric-
tion rubs and proximal muscle weakness).

Observer variability in MMO measurements

To be able to evaluate changes in MMO over time, intra-
and interobserver variability of MMO measurements were
assessed. Twenty-six healthy volunteers (73% female,
mean age 30 = 10years) had their MMO measured at two



66

Journal of Scleroderma and Related Disorders 8(1)

time points by two physical therapists involved in the
CCISS healthcare programme. The volunteers presented in
random order and the physical therapists were unaware of
each other’s and their own previous measurements. The
mean MMO of 104 measurements in the healthy volun-
teers was 53.3 = 9.4mm. The intraclass correlation coeffi-
cients (ICCs) for interobserver variability were 0.903
(t=1) and 0.947 (t=2) for absolute agreement on single
measures in a two-way random model. The ICC for intra-
observer variability were 0.947 (physical therapist 1) and
0.945 (physical therapist 2). The mean differences between
the physical therapists’ MMO measurements per volunteer
(physical therapist 1 — physical therapist 2) were
3.1£28mm (p<.001) for t=1 and 1.8*2.8mm
(p=.004) for t=2, according to the Bland and Altman'®
method. We, therefore, chose a difference of >5.0mm to
represent a real change in MMO between two
measurements.

Statistical analyses

We evaluated the course of MMO on group and on indi-
vidual level. On group level, the course of MMO was ana-
lysed separately for early, intermediate and late SSc.
Disease duration was classified based on the time since
first non-Raynaud symptom at baseline: early
SSc: <2years, intermediate SSc: 2-5years and long-
standing SSc:>5Syears. On individual level, change in
MMO within a patient during annual follow-up visits was
determined.

Because decreasing MMO is worrisome, we assessed
characteristics of patients with decreasing MMO in two
ways. First, we evaluated characteristics of patients that
showed a decrease of MMO of >5.0mm over 1 year at
some point during follow-up. In these patients, we analysed
changes in disease severity (mRSS, FVC and DLCO) dur-
ing the year in which the MMO decrease occurred, using
Wilcoxon signed ranks tests and paired z-tests where appro-
priate. In addition, the number of prescribed immunosup-
pressive therapies and vasoactive agents in the year before
and after the MMO decrease was analysed. Mortality in
patients with decreasing MMO was compared to mortality
in patients without decreasing MMO using Pearson’s chi-
squared test. Second, linear mixed-effects models were
used to identify SSc characteristics associating with a
smaller MMO during follow-up, while incorporating
repeated measurement within a patient. This analysis was
performed univariably including longitudinal MMO meas-
urement of all SSc patients as dependent factor, and organ
involvement at baseline as independent factor. Because SSc
can manifest in different patterns of organ-based complica-
tions, and because antibody status and sex have previously
been correlated with MMO, we also performed a multivari-
able linear mixed-effects model including all organ involve-
ments, antibody status and sex.® Three patients expressed

two SSc-specific auto-antibodies and were excluded from
only this analysis, because this is unusual in SSc and would
possibly blur the evaluation of the association between
auto-antibodies and the course of MMO.?

Finally, we evaluated the burden of smaller MMO on
reported mouth handicap as measured by the MHISS. This
analysis was performed cross-sectionally at baseline and
was assessed in separate multivariable linear regression
models with total MHISS and its three subdomains as out-
come, corrected for sex.

All statistical analyses were performed using SPSS ver-
sion 25. The p-values < 0.05 were considered statistically
significant. Standard deviation, interquartile range (IQR)
and 95% confidence intervals (CIs) were computed where
appropriate.

Results

Baseline characteristics

Eighteen patients were excluded because of no available
MMO measurement. In total, 382 consecutive SSc
patients were included in this study of whom baseline
characteristics are presented in Table 1. The mean age
was 54years and the vast majority was female (83%).
Ninety percent (n=342) of patients met the ACR/EULAR
2013 Systemic Sclerosis Classification Criteria and 85%
(n=323) met the Van den Hoogen et al., and LeRoy and
Medsger criteria.'>!® LcSSc was present in 58% (n=223)
and dcSSc in 25% (n=95). Median follow-up time was
2.0years (IQR=0.0-3.0) and the total range of follow-up
time was 0.0-6.0years. The median number of MMO
measurements per patient was 2.0 (IQR 1.0-3.0; total
range 1.0-7.0). The percentages of patients positive for
anti-topoisomerase I antibodies (ATA), anti-centromere
antibodies (ACA) and RNA polymerase III were 24%
(n=91), 37% (n=140) and 5% (n=18), respectively.

Course of MMO

At baseline, mean MMO was 42.2 = 8.0mm and 7% of
patients (n=27) suffered from microstomia. In line with
the general healthy population, men had larger MMO than
women: mean baseline MMO in male patients was
45.0£7.8mm versus 41.6=7.9mm in female patients
(p=.002). During follow-up, overall mean percentage of
patients with microstomia was 9%, range 6%—12%. In
Figure 1, the mean MMO during follow-up is shown for
early, intermediate and long-standing SSc separately. At
group-level, mean MMO was relatively stable over time
independent of disease duration. Annual change in MMO
on individual level during the first year of follow-up,
according to the disease duration (time since first non-
Raynaud symptom), is shown in Figure 2. Although a
decrease in MMO >5.0mm between two consecutive
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Table |. Baseline characteristics of all included SSc patients.

Total n=382

Sex, female 315 (83)
Age in years 54+ 14
Ethnic origin Caucasian 294 (81)
Body mass index 25+4
Duration of SSc in years

Since first Raynaud symptom 10 (4-19)

Since first non-Raynaud symptom 4 (1-11)
SSc subgroups?

Early SSc 131 (34)

Intermediate SSc 83 (22)

Longstanding SSc 168 (44)
Serology

ATA positive 91 (24)

ACA positive 140 (37)

RNA polymerase lll positive 18 (5)
Therapy

Current use of immunosuppressive 122 (32)

medication

Past use of immunosuppressive 101 (27)

medication

Past treatment with stem cell 18 (5)

transplantation

MHISS (0-48) 13+10
Organ involvement
Skin

Limited cutaneous SSc 225 (59)

Diffuse cutaneous SSc 95 (25)
Peripheral vasculopathy 173 (45)
Cardiac involvement 84 (22)
Pulmonary involvement 149 (39)
Renal involvement 19 (5)
Gastrointestinal involvement 195 (51)
Musculoskeletal involvement 80 (21)

Data are n (%), mean = SD or median (interquartile range (IQR)).
ACA:anti-centromere antibodies; ATA:anti-topoisomerase | anti-
bodies; MHISS: mouth handicap in systemic sclerosis; SSc: systemic
sclerosis.

2SSc subgroups were defined according to duration of non-Raynaud
symptoms: early SSc: <2years, intermediate SSc: 2-5 years and long-
standing SSc: > Syears.

visits occurred in patients with different disease durations,
a change in MMO occurred more often in patients with a
short disease duration.

Annual decrease in MMO and characteristics in
patients with decreasing MMO

During follow-up, the percentage of patients showing an
MMO decrease of > 5.0 mm ranged from 5% to 16%, mean
10%. This accounts for in total 63 patients (median follow-
up 3.0years (IQR = 2.0-5.0)) that showed a decrease in
MMO of >5.0mm at some point during follow-up. This
MMO decrease occurred between baseline and the first

year of follow-up in 56% (n=35) of these patients. Of the
63 patients, 22% had early SSc (n=14; 11% of the total
early SSc group), 31% had intermediate SSc (n=20; 24%
of the total intermediate SSc group) and 44% had long-
standing SSc (n=29; 17% of the total long-standing SSc
group). Figure 3 shows the course of MMO of these 63
patients starting at the year before the MMO decrease
occurred. Stabilization of MMO was observed in a majority
of patients after the decrease had occurred. Only two
patients showed a second decrease >5.0mm over 1 year
during follow-up. Of the 63 patients showing a decrease in
MMO, 16% (n=10) developed microstomia. The MMO
decrease was accompanied by clinical increase of disease
severity: deltamRSS=+2.1, p=.052, delta DLCO=-2.4%,
p=.007. In addition, immunosuppressive therapies and
vasoactive agents were started more often in the year after
the MMO decrease had occurred (Supplemental Material
1). Mortality was not higher in the group of 63 SSc patients
with a decrease in MMO of >5.0mm: of 382 included
patients, 32 patients died after a mean follow-up of
2.8 = 1.7years, of which four patients had shown a decrease
in MMO at some point (p=.453).

Baseline determinants of a smaller MMO at
baseline and over time

All seven organ involvements at baseline, except for car-
diac involvement, were associated with a smaller baseline
MMO (Supplemental Material 2). When we studied base-
line organ involvement with MMO over time in univaria-
ble linear mixed-effects models, sex and all seven organ
involvements were significantly associated with smaller
MMO over time (Table 2). Patients seropositive for RNA
polymerase III antibodies and ATA showed smaller MMO
than seronegative patients (f=-5.9, p=.001 and B=-2.1,
p=.037, respectively). Univariable association between
MMO over time with antibody status, using ATA as refer-
ence category instead of seronegative patients, showed a
significantly larger MMO over time in ACA-positive
patients compared to ATA-positive patients (B=3.6, 95%
CI=1.7-5.6, p<<.001). Multivariable analysis including
all seven organ-systems, sex and antibody status, demon-
strated that sex, a more extended skin subtype, peripheral
vasculopathy, pulmonary, renal and gastrointestinal
involvement at baseline were associated with smaller
MMO over time. The mean MMO over time in patients
with 1cSSc was 2.9mm smaller compared to those with
non-cutaneous SSc (B=-2.9, p=.004). Significant associ-
ations between MMO over time and baseline characteris-
tics were also seen for peripheral vasculopathy (B=-2.4,
p=.001), pulmonary involvement (B=-1.8, p=.027),
renal involvement (3=-3.4, p=.031) and gastrointestinal
involvement (f=-3.0, p<.001; Table 2). There was no
significant association between antibody status with MMO
over time in multivariable analysis.
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Figure |I. Mean MMO over time in SSc patients, stratified according to disease duration.
Disease duration was defined according to duration of non-Raynaud symptoms and was assessed at baseline: early SSc: <2years (n=131), interme-

diate SSc: 2-5years (n=83) and long standing SSc: > 5years (n=168).
MMO: maximal mouth opening; SSc: systemic sclerosis.
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Figure 2. Change in MMO during the first year of follow-up,
according to duration of non-Raynaud symptoms.

Each dot indicates the change in MMO after | year in a single person.
Change in MMO after | year follow-up occurred most often in patients
with shorter disease duration.

MMO: maximal mouth opening.

The burden of a small MMO on mouth
handicap

Cross-sectional analysis of baseline MMO and baseline
MHISS revealed that MHISS was significantly lower, thus
indicating less mouth handicap in patients with larger
MMO (B=-0.5, 95% CI=-0.6 to —0.3, p <.001; Table 3).
This indicates that the mouth handicap score increases
with 0.5 point per mm decrease in MMO. The three subdo-
mains of the MHISS concerning mouth opening restric-
tion, mouth dryness and aesthetic concerns separately,
were also significantly associated with MMO (Table 3).

Sensitivity analysis with patients meeting
classification criteria

Analysis of MMO over time according to baseline organ
involvement was repeated in patients fulfilling the ACR/
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Figure 3. The course of MMO in the group of 63 SSc patients
with decreasing MMO during follow-up.

For this analysis, the year before the MMO decrease of > 5.0 mm oc-
curred has been transformed to time point zero. MMO in the years
after the decrease is demonstrated.

MMO: maximal mouth opening; SSc: Systemic Sclerosis.

EULAR 2013 Systemic Sclerosis Classification Criteria at
baseline (n=342). Results were comparable to the total
SSc group (Supplemental Material 3).

Discussion

Reduced mouth opening occurs frequently in SSc patients
and is disabling. To the best of our knowledge, this is the
first study that described the course of MMO in a large
group of SSc patients over time. Using data from a pro-
spective cohort of SSc patients, we showed that mean
MMO over time was relatively stable in a majority of
patients and microstomia occurred in 6—12% of patients.
In patients with a significant MMO decrease, an increase
in disease severity was observed (worsening of mRSS and
DLCO and increase in prescribed immunosuppressive and
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Table 2. Univariable and multivariable linear mixed-effects models of baseline disease characteristics associating with MMO over

time in SSc patients.

Univariable Multivariable
B 95% ClI p-value B 95% ClI p-value
Sex, female -34 —-53to-14 .001 —4.5 —6.4 to -2.6 <.001
Antibody status
Seronegative Ref Ref
ACA 1.6 -0.2t0 3.3 .081 0.3 —l.to 2.1 74
ATA 2.1 —4.0 to 0.1 .037 -1.0 -29t0 0.9 .30
RNA polymerase llI 59 —9.4to0-23 .001 =32 —6.4t0 0.1 .056
Skin subtype
Non-cutaneous Ref Ref
Limited cutaneous -3.3 —-53to-I.3 .001 -3.0 —-5.0to-I.1 .002
Diffuse cutaneous —7.1 —-9.4 to 4.9 <.ool —6.6 —-9.0to 4.2 <.o0o0l
Peripheral vasculopathy -3.0 —4.4to-I1.5 <.o00l -23 -3.6to 0.9 .002
Cardiac involvement -0.8 -2.5t0 0.9 36 0.6 —-1.0to 2.2 46
Pulmonary involvement -3.8 -53to-23 <.00l -2.2 -3.7 to 0.6 .007
Renal involvement —4.2 —7.6 to 0.8 .015 -3.8 —6.8 to 0.8 014
Gastrointestinal involvement -3.2 —4.6to-1.7 <.o00l =3.1 —45to-1.7 <.00l
Musculoskeletal involvement -2.5 —4.4 to -0.7 .008 -1.5 —-3.2t0 0.2 .08l

Sex, more extended skin subtype, peripheral vasculopathy, pulmonary, renal and gastrointestinal involvement at baseline were associated with de-
ceased MMO over time, independent of other clinical factors. A 3 of —7.1 for diffuse cutaneous disease (dcSSc) indicates that the mean MMO over
time in patients with dcSSc was 7.1 mm smaller than MMO over time in patients with non-cutaneous SSc.

ACA:anti-centromere antibodies; ATA:anti-topoisomerase | antibodies; MMO: maximal mouth opening; SSc: systemic sclerosis.

Table 3. Linear regression analyses between baseline MMO
and mouth handicap in SSc patients, corrected for sex.

B 95% ClI p-value

MHISS total score

MMO 0.5 —0.6 to —0.3 <.001
MHISS subdomain mouth opening restriction

MMO -0.2 —0.3t0o-0.2 <.001
MHISS subdomain mouth dryness

MMO —0.1 —0.2 to —0.04 .002
MHISS subdomain aesthetic concerns

MMO —0.1 —0.1 to —0.05 <.001

Analyses have been performed separately for total score of MHISS and
its subdomains, corrected for sex. A 3 of —0.5 for total MHISS indicates
that | mm increase in MMO is associated with 0.5 points less reported
total mouth handicap (on a 0—48 scale).

MMO: maximal mouth opening; MHISS: mouth handicap in systemic
sclerosis; SSc: systemic sclerosis.

vasoactive agents). Furthermore, independent of other
variables, more extended skin subtype, presence of periph-
eral vasculopathy and involvement of the pulmonary, gas-
trointestinal and renal system at baseline were associated
with smaller MMO over time. Finally, a smaller MMO
was significantly associated with more severe mouth
handicap including restricted mouth opening, dry mouth
and aesthetic concerns as experienced by patients.

Our data underline the necessity of awareness for
MMO as a relevant health problem in SSc patients and
emphasize the need for interventions improving MMO in

SSc, especially in patients who are at risk of having a
smaller MMO. In addition, by describing course of MMO
over time, our results can be of help when interpreting
results of studies focussing on improving MMO in SSc.
As such, in intervention studies on MMO, it should be
taken into account that a majority of SSc patients remain
stable in MMO and that observer variability is present in
MMO measurements.

It is not clear why some patients develop a declined
MMO and others do not. Our results show that increased
disease severity including a more extended skin subtype
was predictive for a smaller MMO over time. Intuitively,
this seems logical as skin fibrosis can cause declining
MMO. This is also in agreement with previous cross-sec-
tional research showing that skin involvement, as measured
by mRSS, was negatively associated with MMO.® Overall
disease severity may represent the amount of fibrosis and
microangiopathy, not only in the areas affecting mouth
opening such as facial skin and the structures surrounding
the TMJ, but also the internal oral organs such as the
tongue.?! Unfortunately, data on TMJ involvement were
not available for our cohort, but TMJ involvement has been
described frequently in SSc and was presumably present in
our study as well.?? Strikingly, although microstomia was
present only in a minority of patients, still a significant
association between MMO and aesthetic concerns was
observed indicating the impact of reduced MMO.

A previous study showed that presence of ACA was
associated with a larger MMO based on a multivariable
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regression analysis using ATA as reference group.}
Although our univariable analysis revealed that ACA-
positive patients had larger MMO over time than ATA-
positive patients, we did not confirm an association
between antibody and MMO in our multivariable analysis.
A likely explanation for this finding is that adding skin
subtype in the multivariable analysis overruled the associ-
ation between auto-antibody and MMO.? Indeed, in the
study by Baron et al.,® neither skin subtype nor mRSS
were included in the multivariable model. Remarkably, we
found that patients seropositive for RNA polymerase 111
had a significantly smaller MMO at baseline and over
time. This is in line with previous research associating
RNA polymerase III antibodies with a very rapid onset of
disease and skin thickening progression in SSc.?*

This study has several limitations that should be consid-
ered, such as its cohort design. Patients with more severe
disease were probably more likely to drop-out the annual
care programme due to inability to participate. On the con-
trary, all patients with a clinical diagnosis were included
and as such our data reflect changes in MMO in the broad
SSc population. A second limitation is that the choice for a
minimum difference of 5.0mm implying a real change in
MMO is beforehand arbitrary. Although we confirmed the
validity of our cut-off value by determining the ICC of the
physical therapists performing the MMO measurements,
the observer variability is studied in healthy volunteers and
could be different in SSc patients who already show more
impaired MMO. It also must be pointed out that it is
unknown what change in MMO is clinically relevant for
SSc patients. Further research on the minimal clinical
important difference in MMO is required. A third limita-
tion is the possible influence of pharmacological and exer-
cise therapy on the course of MMO, which is not addressed
in this study. However, all included patients participated in
the same cohort and received the same information about
mouth exercises during the annual visit to the care pro-
gramme. As for the pharmacological therapies, little is
known on its effect on MMO.¢ Still, this study’s strength
lies in its longitudinal design and overall high quality of
prospectively collected data.

In summary, we set out to determine the course of
MMO over time in SSc patients and its determinants. We
showed that MMO over time was relatively stable in a
majority of SSc patients. Patients with a more severe dis-
ease at baseline were at risk for a smaller MMO over time.
Because a smaller MMO was also associated with self-
reported mouth handicap by patients, we advocate that
MMO is addressed in routine care of SSc patients and
emphasize the importance of research on the treatment of
reduced mouth opening.
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