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Abstract

Background: Systemic Sclerosis (SSc) is a multi-system disorder that can have significant adverse
effects upon the oral health. The aim of this study was to analyze the associations between SSc,
periodontal disease (PD) and tooth loss and oral health-related quality of life (OHRQoL).

Methods: For the study were enrolled 70 patients affected by SSc and 75 non-diseased controls
matched for age and gender. SSc was characterized in subtypes and with the mean duration of disease
and the Modified Rodnan Skin Score [mRSS]. Patients were surveyed and examined through the
evaluation of the periodontal parameters and the number of teeth and OHRQoL scores.

Results: A logistic regression analysis showed that patients with SSc presented a higher number of
missing teeth (p=0.001) and a 6.89-fold (95% CI 2.04 to 18.36) increased odds of CAL compared to
the control group. Moreover, the less values of PPD was correlated with mRSS in the total SSc group
and with the mean duration of disease in patients with limited SSc, even after adjusting this correlation
with the presence of the major organ involvement.

The OHIP sub-scale psychosocial impact differed significantly between groups (p= 0.002). The OHIP
sum score was also significantly different between groups (p< 0.001).

Conclusions : This study showed that patients with SSc presented an increased odds of PD and tooth
loss compared to non-diseased controls. In SSc patients, the magnitude of PD was strongly associated
with the mRSS and with the mean duration of the disease.
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1. Introduction

Systemic sclerosis (SSc) is a multi-systemic disorder of connective tissue characterized by the
thickening and fibrosis of the skin and the involvement of internal organs (Derk & Jimenez,
2003). Prevalence estimates for SSc are between 240 per million and 276 per million in the US

population (Mayes et al., 2003).

Facial manifestations due to fibrosis of the skin and soft tissues are typical in SSc and include
amimia, the disappearance of cutaneous wrinkles, vertical furrows around the mouth and nose
sharpening (Amin et al., 2011). Oral changes include burning mouth syndrome, reduction of
mouth opening and microstomia (Matarese et al., 2016). All of these symptoms, including also
the presence of temporomandibular joint (TM]) disorders (Isola et al., 2017), can influence facial
aesthetics and can be correlated with the worsening of the quality of life during SSc (Baron et
al., 2014).

The temporomandibular joint in fact allows the mouth to be closed and opened, it is involved
in breathing, expressiveness and facial aesthetics. The feedback of the tissues and the thickening
of the skin, due to systemic sclerosis, directly involves the joints, muscles and tendons causing
pain, reduction of the movements of the jaw and therefore reduced opening of the mouth (Nagy
et al.,, 1994). Such a situation leads to disabilities in chewing, feeding, speaking, difficulties in

oral hygiene and dental treatments (Albilia et al., 2007).

The perception of the progressive decay of physical functions and appearance changes in highly
visible areas of the body, particularly the face and hands, are common in patients with SSc¢ and
contribute to body image distress, which in turn can be associated with neurotic manifestations
such as anxiety and depression (Benrud et al., 2002; Beretta et al. 2006; Malcarne et al., 1999;
Martino et al., 2018b, 2019a; Matsuura et al., 2003; Rosa et al., 2019; Settineri et al., 2019a, b),
which affect the feeling of stability and integrity of the ego (Lorenzi, 2009). However, chronic
conditions might have different effects on psychological functioning depending on the maturity
of defense mechanisms activated in response to distress (Di Giuseppe et al., 2019; Settineri,

Frisone & Merlo, 2019; Settineri et al., 2018, 2019c¢).

The impairment of the aesthetic of the face, due to the aggressive and evolutionary potential of
the disease, therefore entails not only functional but also psychosocial effects: expressiveness
will be so compromised as to condition the self-perceived aspect (Claudino & Traebert, 2013),
self-esteem, interpersonal skills and the general well-being (De Paula et al., 2009; Kaur et al.,

2017; Klages, Esch, & Wehrbein, 2005).
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Orality therefore plays an important role in both general and mental health, becoming salient in
the clinical setting (Stanciu, 2019), where it is known that psychological factors may influence

the psychic integration of disease, adaptation and adherence (Settineri et al., 2019b).

These data support the need for careful evaluation and treatment not only of the medical aspects
of the pathology but also of the repercussions on the patient's psychological health (Metlo,
2019b; Thombs et al., 2007), often particularly affected by the presence of chronic conditions
(D1 Giuseppe, 2020; Martino et al., 2019b; Marchini et al., 2018) such as periodontal disease
(PD). It’'s a common inflammatory disease characterized by the dysregulation of the host
immune response induced by the oral bacterial biofilm in soft and hard tissue resulting in
periodontal breakdown and tooth loss (Isola et al., 2019b, 2020a, 2020b, 2020). PD, as well as
widening of periodontal ligament spaces and abnormalities in periodontal microcirculation have
been reported as a frequent finding during SSc as part of the global fibrosing aspects of the
disease (Baron et al., 2016; Isola et al., 2019g, 2019h, 2020d; Matarese et al., 2010).

For many years, several health-related quality of life questionnaires have been used to detect the
impact of the disease on the daily quality of life and the patient-relevant burden of daily disease
in patients affected by SSc and other pathological conditions (Martino et al., 2018a). Moreover,
this generation of questionnaire have been confirmed as a useful tool to well assess the impact
of oral health in the quality of life of SSc and rheumatoid arthritis patients (Dagenais et al., 2015;
Isola et al., 2018a, 2019f). In this sense, we refer to the concept of Oral Health Related Quality
of Life (OHRQoL), a multidimensional construct that includes a subjective evaluation of the
individual’s oral health, functional well-being, emotional well-being, expectations and
satisfaction with care, and sense of self (Sischo & Broder, 2011). Recently, several reports have

underlined a lower quality of life during SSc (Mitropoulos et al., 2018).

Despite several cases of evidence from literature on the correlation between orofacial
manifestation during SSc, only a limited number of studies has examined the periodontal status
in patients with SSc, indicating a high prevalence of PD and a high increase in the risk of

periodontal attachment loss during SSc (Pischon et al., 2016).

As reported recently, PD possesses a systemic impact during SSc, and it has been shown that
periodontal therapy reduces rheumatic disease activity and severity (Al-Katma et al., 2007).
However, although a potential association between SSc and PD was indicated, the strength and
temporality of this association is still unclear. Analysing the relationship between PD and disease
characteristics of SSc, such as the onset time and extension of disease, could be important for
providing optimal treatment for patients with SSc. Therefore, the aim of the present study is to

examine whether SSc characteristics were associated with an increased prevalence and extent of
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PD and tooth loss and to analyse to what extent confounders might potentially influence this

association respect to non-diseased controls.

2. Materials and methods
2.1 Procedure and participants

A total of 145 patients, 70 with SSc and 75 controls, were included in the present observational
case-control study between January 2011 and October 2019 at the School of Dentistry,
University of Catania, Catania, Italy. A written informed consent was acquired by all patient
who were informed about the characteristics of the study, in accordance with the Declaration
of the Wotld Medical Association 1975 in Helsinki, revised in 2000. Clinical characteristics of

the patients were documented by a skilled rheumatologist at each visit.

The exclusion criteria for both groups were a history of periodontal treatment, pregnancy and
lactation and use of antibiotics during the previous 6 months. During the first phase of the
study, 429 patients (201 man, 228 women), with SSc and healthy controls, were initially enrolled.
However, after screening, 284 patients (156 man, 128 women) were excluded because they did
not meet the exclusion criteria (n=199), declined to participate (n1=406), or were lost during the
first visit (n=40). Thus, the final number of patients assessed for eligibility was 145. The SSc
group comprised 70 patients, 28 men and 42 women, with a mean age of 53.2 (£06.4) years. SSc
was diagnosed by an expert rheumatologist skilled in caring for patients with systemic sclerosis
according to the American College of Rheumatology classification criteria as diffuse SSc or
limited SSc based on the extent of skin involvement (Masi, 1980). The disease onset was
determined by patients recall of the first non-Raynaud symptom clearly attributable to SSc (Mast,

1980).

The control group, similarly matched for age and gender, comprised 75 patients, 36 men and

39 women, with a mean age of 51.4 (£5.1) years old. (Table 1)

Table 1. Characteristics of patients with Systemic Sclerosis [SSc| and non-diseased controls.

Patients characteristics SSc (n=70) Controls (n=75) p value

Males, n® and percentage 28 (40) 31 (41.3) 0.22
Age (years), mean = SD 49.7 (11.4) 48.3 (11.1)

Educational attainment 0.02
None 30 32

Trained worker 21 24

Academic 19 19

Smoking status 0.07
Never smoker 57 62

Former smoker 9 8

Current smoker 4 5
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Alcohol consumption frequency 0.02
None or low 55 63

Moderately 9 8

Daily 6

BMI (kg/m?) 0.03
<25 (normal) 54 56

225 to <30 (overweight) 10 14

230 (obese) 6 5

BMI (kg/m?), mean = SD 229+£29 247 £ 2.7 0.04
Diabetes mellitus 3 2 0.19
Dyslipidemia 11 4 0.13
Coronary heart disease 6 3 0.81
Hypertension 23 12 0.41
Pulmonary ipertension 15 -

Osteoporosis 8 1 0.66
Number of missing teeth 11.1£19 59+26 0.001
Type of SSc

Diffuse cutaneons SS¢ 51 (72.3) -

Limited cutaneons SS¢ 8 (11.4) -

Overlap syndrome 5(.1) -

Sclerosis sine scleroderma 4 (5.7 -

Undifferentiated S S¢ 2 (2.9 -

Disease duration (5-year categoties)

<5 51 (72.9) -

>51t0 10 10 (14.3) -

>10 9 (12.8) -

Disease duration (years), mean + SD 7.6+ 3.1 -

Quality of life

Oral Pain 14+28 0.8=*1.1 0.04
Orofacial appearance sense of 0.6+12 07+13 0.02
uncertainty with teeth

OHIP-14 sum score 87+23 74+23 0.03

Variables were compared between cases and controls using the y2 test or Fisher exact test (two-tailed)

for categorical variables and using Student unpaired t test for continuous variables.

Serological analysis and clinical and oral examinations were performed in both groups. Oral
examinations were performed by the same calibrated examiner. Periodontal status of the SSc
and non-diseased controls was thoroughly assessed by comprehensive standard periodontal and
oral parameters as previously described (Cuzzocrea, 2016; Isola et al., 2018b, 2019a, e) at six
sites of each tooth (mesiobuccal, distobuccal, mesiolingual, distolingual and interproximal) using
a manual periodontal probe (PCP 15; Hu-Friedy, Chicago, Illinois, USA). Clinical attachment
loss (CAL) was defined as the distance from the cementoenamel junction (CE]) to the bottom
of the sulcus or periodontal pocket and was calculated as the sum of pocket probing depth and

gingival recession measurements. Pocket probing depth (PPD) was defined as the distance from
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the free gingival margin to the bottom of the sulcus or periodontal pocket. Gingival recession
was defined as the distance from the CEJ to the free gingival margin. Plaque index (PI) was
evaluated according to Silness and Loe (Briguglio et al., 2011; Iorio-Siciliano et al., 2019; Isola
et al., 2019d, 2020e; Loe et al., 1976) and Bleeding on Probing (BOP) was evaluated as the
presence of bleeding for 10 seconds following probing. In addition to the periodontal status,
the number of missing teeth was recorded during clinical examination. In the inter-examiner

reliability test, the percent agreement was 84.3% (Kappa = 0.61) for CAL value.

Sociodemographic characteristics, lifestyle factors, and medical history were assessed by a self-
administered questionnaire. Anthropometric data (height and weight) was measured. In patients
with SSc, telangiectasiae, calcinosis, joint tenderness with synovitis, joint contractures and others
major organ system involvement such as lungs or gastrointestinal tract, if present, were
recorded. In addition, enlarged capillatries and/or capillary dropout with or without pericapillary
hemorrhages at the nailfold as possible prediction of future organ involvement, were also

recorded.

Blood plasma was collected and analyzed for antinuclear antibodies and anti-RNA polymerase

(Scl-70) antibody by routine laboratory testing from patients with SSc.

Smoking status was classified as never smoker, former smoker, or current smoker. Alcohol
consumption was classified based on the reported drinking frequency as seldom (less than or
equal to once a month), moderately often (twice a month or several times a week), or daily (daily
or even more frequently). BMI (calculated from the body weight in kilogrammes divided by the
square of height in metres) was classified as normal weight (<25 kg/m?), overweight (25 to <30
kg/m?), or obese (over 30 kg/m?). In addition, the assessment of their medical history included

the recording of the major organ involvement associated with SSc.

Moreover, a calibrated dermatologist skilled in caring for patients with systemic sclerosis
evaluated, in the patients of the SSc group, the modified Rodnan skin score (mRSS). This score
assessed the patients with the grades of the cutaneous involvement (from grade 0 that was a
normal skin condition to grade 3 that represented intense thickness of the skin) at 51 positions

in over 17 body regions (Furst et al., 1998).
2.2 Sample size calculation

The sample size was established considering the CAL as primary outcome variable. An effect
size of 0.40 with «a= 0.050 and a power level of 0.80 was determined, with a minimum sample
of 31 patients per group would be needed. Fifty-four and 55 patients were enrolled for the SSc
and for the control group, so that the primary variable, CAL, achieved a power value of 0.93,

predicting a good sample size.
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2.3 Statistical Analysis

Risk factors and dental variables were compared between patients with SSc and controls using
the Student unpaired 7 test for continuous normally distributed variables, the Wilcoxon test for
continuous variables, or the * test for the relationship between the clinical findings and mRSS
or mean duration of disease. Frequency distributions, mean, standard deviations and confidence

interval (CI) were determined to describe the data.

The association between SSc and periodontal status was assessed by linear regression procedures
and the association among SSc subtypes (limited and diffuse SSc) with CAL was analysed
separately. In a second step, a stepwise multivariable adjusted logistic regression was used with
PPD as the dependent variable with the additional inclusion of the other parameters into the
model. In a third step, the final multivariable regression model was additionally adjusted for PI

to estimate if this potentially variables influenced the association between SSc and PD.

In the SSc group, the Spearman correlation test was applied in order to assess the existence of
any significant interdependence between mRSS, mean disease duration versus the other
parameters, respectively. Multivariable logistic regression analyses were performed in order to
evaluate the association between mRSS and mean disease duration versus the number of missing
teeth. The variable was dichotomized because of a bimodal and skewed distribution of the

number of missing teeth.

The comparison of the six subgroups regarding their demographic data, disease-specific
parameters and OHIP-14 scores, in first step an ANOVA, chi-square or Kruskal-Wallis test
was applied. In case of significance, the groups were compared to each other using the Mann—

Whitney U test or t test, respectively.

All P values presented are two tailed, and P values <0.05 were considered statistically significant.

Analyses were performed using statistical software (SAS v.9.3, Cary, NC).
2.4 Observation instrument

Oral Health Impact Profile (OHIP-14): to assess OHRQoL, all participants were interviewed
using a standardized and validated questionnaire, in the Italian version (Corridore et al., 2013).
Thus, the form of the Oral Health Impact Profile (OHIP-14) was applied to assess OHRQoL
(John et al., 2010).

The OHIP provides information about the occurrence of functional and psychosocial impacts
that participants experienced in the previous month as a result of complaints with their teeth,
mouth or dentures. For each of the 14 applied questions, a score based on a five-point scale was
rated, whereby the following options were available: very often = “4”, fairly often = “37,

occasionally = “2” hardly ever = “1”, and never = “0”. The achievable sum score of all
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questions ranged between “0” (all questions were answered with “never”) and “56” (all
questions were answered with “very often”). The main analysis was applied for the OHIP-14

sum Scofre.

The reliability indicators of the alpha scale are as follows: 0.90 for the total scale, 0.90 for difficult
pronounce words , 0.90 for worsened taste, 0.90 for Pain, 0.90 for Uncomfortable to eat, 0.89
for Self-conscious, 0.89 for Feel tensed, 0.90 for Diet unsatisfactory, 0.89 for Interrupted meals,
0.92 for Difficult to relax, 0.90 for Embarrassed, 0.90 for Irritable, 0.90 for Difficult to do jobs,
0.89 for Life less satistying, 0.90 for Totally unable to function.

3. Results

The sociodemographic and rheumatological characteristics, medical history of both groups are
shown in Table 1. Patients with SSc presented a slightly lower median BMI than the non-
diseased control group (22.9 kg/m? versus 24.7 kg/m? p=0.04). Among SSc group, 54 patients
were of normal weight, 10 were overweight and 6 were obese, while the control group were 56
normal, 14 overweight and 5 obese, respectively. All patients of the SSc group were matched
with regards to disease duration, clinical rheumatological data, laboratory measurements as well

as medication.

Among major organ involvement, in the total SSc group, 34 patients had a slight or moderate
lung involvement measured by pulmonary function test — the forced vital capacity — (FVC) and
diffusing capacity of the lungs for carbon monoxide (DICO); Of these, 49% had no minimal
restrictive disease and 22% presented a moderate disease. Ever in the total SSc group, 15 patients
presented pulmonary hypertension (mean values of 33.6 £ 7.4 mmHg) and 23 patients
presented hypertension; Four patients had a myositis/arthritis while digital ulcer and related
complications as amputation/gangrene were present in 9 patients. A history of scleroderma
renal crisis was reported in 3 patients with arterial hypertension. The history of gastroesophageal
reflux was reported in 21 patients. Furthermore, synthomps of constipaion, frequent bloating

and flatulence were presente in about 54% of the total SSc group.

Three patients in the diffuse SSc group presented a severe and clinically relevant lung fibrosis
requiring oxygen at rest and 2 patients in the limited SSc group presented a severe involvement
of the gastrointestinal tract with chronic intestinal pseudo-obstruction and sign of severe

anorexia and malabsorption.

The results of OHIP-14, including a comparison of the different questions, sub-scale oral

function and psychosocial impact as well as the sum score are presented in Table 2.
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Table 2. Periodontal parameters in patients with Systemic Sclerosis (SSc) and non-diseased

controls
.. Controls 95% Confidence Interval
Dental Characteristics SSc (n=70) i P value
(n=75) Diff Lower Upper
CAL (mean mm * SD) 3.85+£0.24 2.66 £0.21 1.33 -0.12 0.28 <0.05
PPD (mean mm + SD) 476 £ 0.15 2.84£0.12 1.97 0.35 0.77 <0.05
PI (mean % * SD) 679 £104 65.6 £ 112 0.9 -1.21 8.65 0.125
BOP (mean % + SD) 72.8 £ 6.6 423+t 064 32.9 25.68 33.21 <0.05
Petcentage of sites with CAL 24 mm (%) 249+ 135 16.5+ 119 6.6 9.56 10.25 <0.05
Petcentage of sites with PPD 24 mm (%) 18.1 £ 84 91+8 7.1 1.15 2.63 <0.05

Vatiables were compared between cases and controls using the 2 test or Fisher exact test (two-tailed) for categorical variables

and using Student unpaired t test for continuous variables.

Within oral function, neither the total score for the sub-scale, nor the five included questions
were significantly different between groups. With the SSc group that presented lower OHRQoL
values compared to healthy controls (Table 1). More specifically, the OHIP sub-scale
psychosocial impact differed significantly between groups (p= 0.002). The OHIP sum score
was also significantly different between groups (p< 0.001).

Table 2 shows dental variables in SSc and control groups. CAL (SSc 3.85 mm versus controls
2.66 mm, p<0.05) and PPD (SSc 4.76 mm versus controls 2.84 mm, p<0.05) were significantly
higher in SSc compared to the control group. Significantly higher levels of BOP levels (SSc
72.8% versus controls 42.3%, p<0.05) were significantly elevated in patients with SSc (Figure
1), compared to the levels of the control group. Moreover, patients in the SSc group presented

a higher number of missing teeth compared to the control group (p<0.05).

Figure 1. Intraoral images and ortopantomography of a patient of the Systemic Sclerosis [SSc]

group
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In univariate as well as in multivariable adjusted analyses, the association of SSc and patient’s

characteristics with the odds of PD was subsequently investigated (Table 3).

Table 3. Association of Systemic Sclerosis (SSc) and patient’s characteristics with periodontal

attachment loss (CAL)

Odds ratio (95% CI) for periodontal attachment loss (CAL)

Patient characteristics Univariate Multivariate 1* Multivariate 2**
SSc

No 1 (reference) 1 (reference) 1 (reference)
Yes 2.93 (1.21 to 5.89) 6.89 (2.04 to 18.30) 5.58 (1.23 to 20.44)
Sex

Male 1 (reference) - -

Female 0.77 (0.31 to 1.95)

Age (per 1 year)

1.08 (1.06 to 1.16)

1.12 (1.05 to 1.18)

1.14 (1.08 to 1.23)

Educational attainment

None 1 (reference) 1 (reference) 1 (reference)
Trained worker 0.92 (0.22 to 3.58) 0.33 (0.06 to 1.83) 0.16 (0.03 to 1.44)
Academic 0.03 (0.01 to 0.25) 0.02 (0.01 to 0.12) 0.01 (0.00 to 0.07)
Smoking

Never 1 (reference) - -
Ex-smoker 1.62 (0.63 to 4.23)

Current 2.85 (0.96 to 8.65)

Alcohol consumption

None or low 1 (reference) - -
Moderate 1.02 (0.43 to 2.47)

Heayy 1.56 (0.35 to 7.05)

BMI (per kg/m?) 1.18 (1.18 to 1.36)

PI 1.27 (112 to 1.52) - 1.42 (1.13 to 1.74)

*Multivariate model 1 was derived from stepwise logistic regression with inclusion of all variables

listed in the table except plaque index (of these variables, only SSc status, age and education remained

as significant predictors of periodontal disease in the final logistic regression model). **Multivariate

model 2 was derived by forcing SSc status, age, education and plaque index into the logistic regression

model. BMI, body mass index; PI, plaque index.

In univariate logistic regression analysis, patients with SSc presented a significant 2.93-fold (95%
confidence interval, CI, 1.21 to 5.89) increase in odds of CAL when compared to the control
group. Potential risk factors of PD, such as higher age, low education, smoking, alcohol

consumption, major organ involvement, Scl-70, higher BMI and high PI were related to higher
10
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odds of PD in a univariate analysis, although only the associations for low education, high BMI
and high PI with the odds of PD were statistically significant at a 5% level. A stepwise logistic
regression was applied in order to examine the association of SSc with the odds of PD adjusted

for potential confounders (Table 3).

In addition to SSc, age, sex, education, smoking, alcohol consumption and BMI were analysed
into the logistic regression model. This model revealed that only SSc status, age and education
remained as significant predictors of CAL. Thus, adjusted for age and education, patients with
SSc presented 6.89-fold (95% CI 2.04 to 18.36) increased odds of CAL compared to the control
group (Table 3). In order to examine to what extent PI (as a measure of oral hygiene) may
account for the observed association between SSc and PD, a logistic regression model was also
performed. The strength of the association of SSc with PPD was attenuated but remained
statistically significant after further adjustment for PI. Thus, the odds ratio (OR) for the
association of SSc with PD decreased to 5.58 (95% CI 1.23 to 20.44) when adjusted for PI in

addition to age.

In the SSc group, the correlation analysis performed showed that mRSS was significantly
correlated to PPD (coefficient= —0.521; P= 0.009), CAL (coefficient = 0.422; P= 0.031) and
BOP (coefficient = 0.411; P= 0.006) values. The mean duration of disease was significantly
correlated only for the PPD values in the total SSc group (coefficient= —0.306; P= 0.028). In
the limited SSc group, there was a significant correlation also between mRSS and values such as
PD (coefficient= —0.529; P= 0.041) and BOP (coefficient= —0.518; P= 0.039). The correlation
of PD and mRSS, in SSc group, remained correlated after adjusting for the presence of major

organ involvement and of antibody Scl-70.

Moreover, a statistically significant association between SSc and the number of missing teeth
was observed only in the crude model [OR= 1.34 (95% CI: 1.11, 1.66)|, but not in the fully
adjusted model [OR= 1.16 (95% CI: 0.88, 1.51)]. In gender-stratified analyses, the association
between SSc and tooth loss was significant only in male patients [OR= 1.63 (95% CI: 1.24,
2.39)].

4. Discussion

This study systematically assessed the relationship between periodontitis (valued as CAL) and
the disease features of SSc. In the present study, patients with SSc had significantly higher odds
of PD compared to controls, even after adjustment for age, sex and for the presence of major
organ involvement. In order to assess a possible association between PD and SSc, in the cohort

of analysed patients, comprehensive standard periodontal measurements were performed

11
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during clinical examinations. PPD and CAL were used as a reproducible, extensively validated
measures of PD and was used a mean CAL >3 mm in order to define the periodontal

attachment loss.

SSc is a chronic systemic disease, of unknown ethiology, characterized by to an excessive
deposition of connective tissue in the involved organs, skin sclerosis and vasculopathy of inner
organs and muscles (Juhl et al., 2020). SSc is considered a disabling condition which may
determine the presence of craniofacial deformities due to a peripheral arthritis (Dagenais et al.,
2015). A common oral complication in SSc is a reduced mouth opening which might contributes
to a limited oral hygiene, increased plaque accumulation and, consequently, with an increased
risk of oral and periodontal disease and alveolar bone reabsorption (Briguglio et al., 2013;

Cannavale et al., 2013; Dagenais et al., 2015; Matarese et al., 2012).

In the present study, the main parameters of periodontitis, such as CAL and PD were
significantly higher in SSc compared to the non-diseased controls (PD, 4.76 mm of SSc versus

2.84 mm of controls, p<0.05; CAL 3.85 mm of SSc versus 2.66 mm of controls, p<<0.05).

In accordance with our results, many studies have demonstrated a high prevalence of PD and
periodontal ligament (PDL) space widening in SSc patients (~76%) (Baron et al., 2015).
Previous investigator have suggested that, during SSc, the increase of bacterial plaque
accumulation, which may be due to a reduction of the mouth opening, associated with the
chronic fibrosis of the disease, is responsible for an extended periodontal tissue breakdown
characteristic of SSc (White et al,, 1977), although fewer acute periodontal and salivary
inflammatory signs are clinically present. Moreover, it was shown that PD implicates periodontal
pathogens as potential triggers of auto-immunity (Monasterio et al., 2019). Recent studies
demonstrated that, during rheumatoid arthritis, oral pathogens such as _Aggregatibacter
actinomycetemcomitans may trigger also the production of disease-specific autoantibodies and
arthritis in susceptible individuals by the ability to reproduce the repertoire of citrullinated
antigens in neutrophils and their presentation to antigen presenting cells, leading to further auto
antibody production during disease (Strachan et al., 2019). The hypercitrullination induced by
the bacterial load may be primarily relevant for periodontal disease initiation at gingival level
(Curro et al., 2014; Ferlazzo et al., 2017; Isola et al., 2015; Matarese et al., 2015) that finally could
create positive feedback loops that could sustain inflammation and auto immunity in established

rheumatic disease, as SSc is.

In accordance to the results of this study, Baron et al., evaluating the oral conditions of 163 SSc
patients by standardized examinations, through a multivariate regression analysis, demonstrated

a higher prevalence of PD during the different stages of SSc and confirmed that SSc is a
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significant independent predictor of missing teeth and tooth attachment loss (Baron et al., 2014;
Matarese et al., 2013). As already highlighted in the introductory section, physical deficits, in this
case associated with the oral sphere, have an impact on the patient's psychological level and
quality of life; this fact is in contrast to the current tendency of health care to focus exclusively
on the patient's physical conditions as if they were separate from the mental ones (Behel &
Rybarczyk, 2019; Caputo, 2013; Carr, 2017). Considering for example the role of teeth in the
production of language, their loss can cause psychophysical and self-esteem effects (Benyamini,
Leventhal, & Leventhal, 2004). Language concerns personal communication and self-
representation, therefore together with mechanics and aesthetics, it is a key factor that
contributes to personal and interpersonal success (Sechra et al.,, 2011). These considerations
demonstrate how physical illness can affect psychological health as chronic pathologies, such as
systemic sclerosis, are often complicated by psychiatric symptoms or emotional / psychological

subjective suffering (Conversano, 2019).

Furthermore, as already highlighted, orofacial modifications affect aesthetics and are ranked as

the most worrying aspects of SSc (Amin et al., 2011; Van Lankveld et al., 2007).

These modifications may also alter the patient’s oral health-related quality of life as they hinder
eating and cause difficulty in chewing and speaking. Despite their high frequency, oral
manifestations and OHRQoL in SSc patients are underrated and not comprehensively studied,
probably because they are overshadowed by concomitant systemic symptoms (Del Rosso &

Maddali-Bongi, 2014).

The importance of these factors is demonstrated in our research by the association between the
deterioration of oral conditions during SSc and the low OHRQoL score compared to healthy
subjects, which underlines the importance of developing targeted interventions to improve oral

health in patients with SSc (Baron et al., 2015).

Orthodontic treatment is therefore functional not only for improving facial aesthetics or
restoring certain functions but above all to promote OHRQoL and the general well-being of

the subject.

Based on the pilot observation by Baron et al. (2014), we designed the current study to analyze
the OHRQoL and the relationship between PD and some disease characteristics of SSc, such

as mRSS and the mean duration of disease.

The present study showed, through a multivariable logistic correlation analysis, that in SSc
patients the main parameters of periodontal tissues breakdown (PPD, CAL and BOP) were

significantly correlated with mRSS, while only PPD was significantly correlated with the mean
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duration of disease even after adjusting this correlation with the presence of the major organs

involvement.

These results support the interestingly hypothesis that the global measures of SSc severity are
associated with PD. It also conceivable that tooth loss, previous described in SSc (Pischon et
al., 20106), would not be associated with a wide PDL since that the increased width were due to
an excess of collagen of the PDL (Baron et al., 2016; Isola et al., 2016). Although it might seem
possible that, during SSc, PD might lead to an abnormal stimulation of PDL fibroblasts via local
inflaimmatory mechanisms (Chen et al., 2012; Piancino et al., 2017) that, associated with to the
defective vascularity and alterations in the microcirculation of the gingival tissues tipically
present during SSc, could finally determines the periodontal tissue breakdown (Scardina,
Pizzigatti, & Messina, 2005). In fact, a reduced number of periodontal capillaries and reduced
levels of vascular endothelial growth factor (VEGE) expression (Cutroneo et al., 2012), that
could limit the angiogenic defense responsiveness to oral bacteria, have been found in

periodontal tissues of patients affected by SSc (Ozcelik et al., 2008).

Furthermore, in order to investigate possible bias linked to SSc duration and severity, in the
present cohort, patients with varying degrees of SSc duration and severity of disease and of
major organ involvement were included in the analysis. The results of the multiple regression
analysis demonstrated that in the SSc group, the association between PD and SSc disease
characteristics remained significantly after adjusting for the presence of antibody to Scl-70,

which predisposes towards a higher skin score (Pugliese et al., 2016).

Concerning the systemic conditions of the SSc patients, over 30% of patients in the total SSc
group that presented PD and higher mRSS had a various degree of major organ involvement.
This is according with previous reports that showed that the vasculopathy and tissue fibrosis
during SSc lead to specific forms of organ damage, skin fibrosis, pulmonary fibrosis or
pulmonary arterial hypertension, renal involvement (vasculopathy of renal arteries) and
gastrointestinal (GI) involvement with fibrosis and thickening of the gastrointestinal tract
(leading to GI dysmotility) (Becker & Riemekasten, 2016) and malocclusions (Cavuoti et al.,
2016; Isola et al., 2019¢; Lo Giudice et al., 2020; Perillo et al., 2013). Notably, the extent of skin
fibrosis in SSc patients was demonstrated to have also a bad impact on patient survival (Domsic

et al,, 2011).

In conclusion, the present study indicated that patients with SSc presented an increased
prevalence of CAL and lower OHRQoL compared to non-diseased controls. In SSc patients,
the magnitude of many periodontal parameters was strongly associated with the mRSS and with

the mean duration of the disease. Although this relationship needs further investigation, it seems
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that the clinicians should be aware of the increased prevalence of PD in patients with SSc as
well as the potential systemic health problems related to PD.
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