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ABSTRACT

Objectives: To describe the dental health status of patients with Sjogren’s disease (SD), particularly as concerns
care needs, coronal restoration quality, the prevalence of caries and wear lesions, relative to the general pop-
ulation from the RESTO DATA study.

Materials and methods: Thirty-eight patients with SD were recruited during specialist consultations at Brest
University Hospital and Charles Foix Hospital in Paris between December 2020 and December 2021. A ques-
tionnaire was used to record data for dental risk factors. Dental health status was assessed with the DMF-T index,
ICDAS score, and the BEWE coding system, and oral health-related quality of life was assessed with the OHIP-14.
The Xerostomia Inventory was used to evaluate xerostomia symptoms. Unstimulated and stimulated salivary
flows were measured, together with saliva pH and buffering capacity.

Results: The SD patients had more visible heavy dental plaque on teeth, a high prevalence of non-cavitated
carious lesions, a large number of restored teeth, a high prevalence of cervical lesions, secondary caries, resto-
ration failure, and a high percentage of wear lesions, despite regular attendance and correct eating habits. In the
SD population, the characteristics of carious and wear lesions and the status of restorations were influenced by
salivary flows. The SD population had a significantly poorer oral quality of life.

Conclusions: These results confirm that SD is associated with oral health issues, with increases in the risks of
carious lesions, wear lesions, and restoration failures. These findings could serve as early warning signs for oral
healthcare professionals in the context of Sjogren’s disease diagnosis.

1. Introduction

years [2,3]. SD is characterized by a triad of symptoms: dryness, pain,
and fatigue, with xerostomia having a particularly detrimental effect on

Sjogren’s disease (SD) is a systemic autoimmune disease with a quality of life [4]. Saliva plays a fundamental role in oral homeostasis,
prevalence ranging from 1 to 23 cases per 10,000 inhabitants in Euro- facilitating mastication, digestion, and preserving the integrity of dental
pean countries [1]. It disproportionately affects women, with a hard tissues through its lubricating, buffering, and remineralizing
female-to-male ratio of 9:1, and its incidence peaks around the age of 50 properties [5-7]. The hyposialia frequently present in SD is associated
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with an increase in the prevalence of dental caries, oral ulcerations, and
compromised periodontal and gingival health [8-12]. It may also have
effects on other aspects of dental health, such as wear and restoration
quality, but these effects are insufficiently understood.

We therefore evaluated the oral and dental health status of patients
with primary or secondary SD during specialist hospital consultations.
This specific patient population was compared with the general popu-
lation. A multicenter cross-sectional observational study, RESTO DATA
[13,14], was recently conducted in France, in both hospital settings and
private practices, via the ReCOL network. This study aimed to provide
an overview of the current state of oral health, including a compre-
hensive analysis of dental restorations over time and a study of
contextual factors influencing oral health [15]. An ancillary study was
then planned. The primary objective of this study remained the assess-
ment of coronal restorations, to remain in line with the RESTO DATA
study, the only modification being the specific patient population
studied. The secondary objectives include a detailed assessment of oral
health status and an evaluation of quality of life in adult patients with
SD.

2. Materials and methods
2.1. Study design

This observational, multicenter, cross-sectional study is a continua-
tion of the preceding RESTO DATA study. Like the rest of the RESTO
DATA study, it was conducted in accordance with the STROBE decla-
ration and within RECOL, a research network based on dental practices
and university hospitals, with the Hospices Civils de Lyon (HCL) as the
study promoter [13,14,16].

2.2. Study population

The patient inclusion criteria were as in the other RESTO DATA
studies — at least one tooth with a coronal restoration and no history of
dental examination in the last six months [13,14,16] — but with the
additional inclusion criterion that the patient had to have consulted a
specialist service for Sjogren’s disease. SD diagnosis was made at a
multidisciplinary consultation meeting, in accordance with the
ACR/EULAR classification criteria [17].

Thirty-eight patients with SD attending specialist consultations for
SD at the local reference centers for SD at Brest University Hospital or
Charles Foix Hospital in Paris were consecutively recruited from
December 2020 to December 2021.

2.3. Outcomes and general characteristics

Environment-related factors were recorded with a specific ques-
tionnaire. As recommended by the ICCMS™ (for International Caries
Classification and Management System), these factors included dental
hygiene habits, saliva-reducing factors, and frequent snacking or an
unbalanced diet [18].

Oral health status was assessed by counting the numbers of decayed,
missing or filled permanent teeth (DMF-T index) [19-21]. Each tooth
was assessed by clinical examination (visual and tactile examination
with of periodontal probe). Dental caries were scored with a simplified
ICDAS score (International Caries Detection and Assessment System:
enamel carious lesion: ICDAS 1-3, or dentin carious lesion: ICDAS 4-6)
[22]. Dental restorations were assessed with a simplified rating scale
based on seven criteria from the FDI World Dental Federation. A dental
restoration was considered to have failed if a major deviation was
observed for at least one of seven FDI criteria (3 to 8 4+ 14) [20]. Tooth
wear lesions were assessed with the BEWE (Basic Erosive Wear Exami-
nation) coding system [23]. Patients were considered to be at high risk
(caries and/or wear lesions) if they had at least one severely decayed
tooth (ICDAS 4-6) or at least one tooth with a BEWE score of 2 or 3 [24].
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Oral health-related quality of life was assessed with the short version of
the self-administered 14-item Oral Health Impact Profile questionnaire
(OHIP-14) [25,26].

Several additional specific outcomes were also considered for this
study. The Xerostomia Inventory, a validated patient-reported xero-
stomia questionnaire, was used to measure the symptoms of xerostomia
[271; the ranges of values associated with each category were as follows:
0-11: no xerostomia versus 12-22: mild xerostomia versus 23-33: mod-
erate xerostomia versus 34-44: severe xerostomia.

Unstimulated salivary flow (USF) and stimulated salivary flow (SSF)
rates were measured for a duration of 5 min, without stimulation for USF
and with the chewing of paraffin for SSF. Saliva pH and buffering ca-
pacity were measured with a strip of pH paper and specific strips ac-
cording to the Saliva Check Buffer kit (GC® Saliva Check Buffer) (scored
according to the manufacturer’s guidelines: very low buffer capacity:
0-5, low buffer capacity: 6-9 and normal buffer capacity: 10-12).

2.4. Data management

All data were collected in an eCRF (electronic case report form -
Clininfo, Lyon, France). Interactive controls were used to check data
ranges and consistency between forms. In compliance with the di-
rectives of the French ‘Commission Nationale de I’Informatique et des
Libertes’ (CNIL) and the European General Data Protection Regulation
(EU 2016/679), all data were kept anonymous, with highly secure
storage and the encryption of all transfers.

2.5. Statistical analysis

Qualitative variables are expressed as numbers and percentages for
each category within each group. Quantitative variables are expressed
as medians and interquartile ranges.

We used y? tests or Fisher’s exact tests, as appropriate, for compar-
isons of qualitative variables. For quantitative variables, Student’s t tests
were performed to compare two means, and analysis of variance
(ANOVA) was used to compare three means.

The data analysis was performed with Python, in the Jupyter note-
book environment (Anaconda navigator version 4.13.0 and Python
version 3.9.12). The Pandas and numy packages were used for data
importation and data processing. Scipy library was used for y* tests, t-
tests and ANOVA, and rpy2 library was used for Fisher’s exact tests.

2.6. Ethical considerations

The study protocol was approved by the local committee for ethics in
research (Comité de Protection des Personnes Ile-de-France III (3660-NI
01/29/2019) and was registered on ClinicalTrials.gov (no.
NCT03854526). Following the initial inclusions in the RESTO DATA
study, this work was subject to an additional regulatory process
involving the ethics committee (3660-NI 24/07/2020) and an update on
the Clinical Trials database to include a specific population. All potential
participants received full written information about the study and
signed a consent form for participation.

3. Results
3.1. Study population characteristics

The characteristics of the study population are reported in Table 1.
Female and older patients were overrepresented in the SS population
than in the general population, and the SS population had poorer self-
reported general health. Most patients had a primary syndrome dis-
ease, a salivary pH >6.8 and a saliva buffering capacity between 10 and
12. SS patients had severe xerostomia (score > 34) (full items in sup-
plementary file) but salivary flow was reduced in only some of these
patients (Table 2).
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Table 1
Characteristics of the Sjogren’s disease (SD) population compared to the RESTO
DATA general population.
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Table 3
Oral health risk factors of the Sjogren’s disease (SD) population compared to the
RESTO DATA general population.

Characteristics RESTO DATA general SD P value RESTO DATA general SD P value
population * population population * population
n = 822 (%) n = 38 (%) n = 822 (%) n = 38 (%)

Age, years, n (%) 0.001 Dental visits, n (%) 0.0002

18-29 208 (25) 2 (5) Regular (biannual, annual) 472 (57) 33(87)

30-59 434 (53) 20 (53) Irregular (> 2 years) 350 (43) 5(13)

> 60 180 (22) 16 (42) Frequency of tooth brushing, n 0.15
Gender, n (%) <0.0001 (%)

Female 467 (57) 35 (92) <1 time per day 123 (15) 2(5)

Male 355 (43) 3(8) >1 time per day 699 (85) 36 (95)

Occupation, n (%) 0.01 Occupational risk 105 (13) 318 0.61
Self-employed and senior 224 (27) 7 (18) Excessive consumption of 218 (26) 5(13) 0.09
management sugary/acidic beverages
Intermediate, employees 276 (34) 16 (42) Bad eating habits 338 (41) 7 (18) 0.009
and workers GERD 59 (7) 7 (18) 0.02
Retired 145 (18) 12 (32) Excessive alcohol consumption 86 (10) 4 (11) 1
No occupation 63 (7) 3(8) Current smoker 165 (20) 1(3) 0.005
Other (e.g. student) 114 (14) 0(0) Visible heavy plaque on teeth 283 (34) 21 (55) 0.01

Health (%) <0.0001 - -

Self-reported good health  519(63) 0 (0) . Results from previous RESTO DATA studies; GERD: gastroesophageal reflux
Self-reported disease (>1)  303(37) 38 (100) disease
" Results from previous RESTO DATA studies.
Table 4
Tooth-related factors in the Sjogren’s disease (SD) population compared to the
Table 2 general population (mean £SD).
Characteristics of the Sjogren’s disease (SD) population.
RESTO DATA general SD P value

Characteristics n= (%) population* population

Sjogren’s disease n =822 n=37
Primary 30 (79) Dental caries, n (%) 382 (46) 22 (59) 0.17
Associated 8 (21 > 1 ICDAS 1-3 CL 88 (11) 10 (27) 0.009

Treatments > 1 ICDAS 4-6 CL 294 (36) 12 (32)

Salivary substitute 13 (34 %) DMF-T index, mean (£SD)*  10.4 (6) 17.2 (6) <0.0001

Systemic treatment 18 (47 %) Number of restored teeth 7.5 (5) 14.4 (5) <0.0001
Pilocarpine 13 (72 %) Number of missing teeth 2.3(4) 2.6 (4) 0.6
Other / Don’t remember 5 (28 %) Number of carious lesions 1.4 (3) 2.9 (4 0.002

Salivary flow ICDAS 1-3 CL 0.5 (1) 2(3) <0.0001
USF <0.1 mL/min 11 (29 %) ICDAS 4-6 CL 0.9 (2) 0.9 (1.6) 0.99
SSF <0.7mL/min 18 (47 %) Number of cervical CL, 0.3 (1) 1.5 (3) <0.0001
USF <0.1 mL/min AND SSF <0.7mL/min 11 (29 %) mean (+5D)

pH Number of secondary CL, 0.5 (1) 1.8 (3) <0.0001
<5.8 2(5%) mean (+SD)

6-6.8 15 (40 %) Number of restoration 3(3) 6.5 (5) <0.0001
>6.8 21 (55 %) failures, mean (+SD)

Buffer capacity Tooth wear, n (%) 309 (38) 32 (86) <0.0001
0-5 5 (16 %) > 1 WL BEWE 1 119 (14) 4Q1) <0.0001
6-9 5 (16 %) > 1 WL BEWE 2-3 190 (23) 28 (76)

10-12 22 (68 %) Number of tooth wear, mean 2.5(5) 8.7 (7) <0.0001

Xerostomia Inventory — Total score 38.1 £ 8.5 (4SD)

USF: unstimulated salivary flow; SSF: stimulated salivary flow. g;r;l\:’grzog)tomh wear 12 540 <0.0001

In terms of oral health risk factors (Table 3), SD patients saw a dentist
more frequently than the RESTO DATA general population and had
better eating habits, but with a higher incidence of declared gastro-
esophageal reflux disease (GERD) and more visible heavy dental plaque
on teeth.

The SD population had a higher prevalence of non-cavitated carious
lesions (ICDAS 1-3) than the general population of the RESTO DATA
study (p = 0.17), and a significantly higher number of restored teeth (p <
0.0001). The SD group also had a higher prevalence of cervical lesions,
secondary caries, and restoration failure (p < 0.0001) but no significant
differences were observed in terms of carious lesions with dentin
involvement (Table 4). The number of teeth affected by wear and the
percentage of patients with wear lesions were notably higher in the SD
population (p < 0.0001). A higher prevalence of severe forms with
dentinal erosive damage (scored as BEWE 2-3) was also evident in the
SD population.

In the SD population, the characteristics of carious and wear lesions
and the status of restorations were influenced by salivary flow.

" Results from previous RESTO DATA studies;
BEWE: Basic Erosive Wear Examination, CL: carious lesion, DMF-T: decayed,
missing or filled permanent teeth, ICDAS: International Caries Detection and
Assessment System, WL: wear lesion

Individuals with an unstimulated saliva flow < 0.1 mL/min and a
stimulated saliva flow < 0.7 mL/min had larger numbers of carious le-
sions, and these lesions were more advanced and/or secondary in nature
(Table 5). In addition, the severity of tooth wear lesions appeared to be
correlated with the reduction of salivary flow (Table 5).

The SD population had significantly higher scores on the OHIP-14
questionnaire (Table 6) for almost all domains (functional limitation,
physical pain, psychological discomfort, physical disability, psycholog-
ical disability and handicap), indicating a significantly poorer oral
quality of life in this population.

4. Discussion

In this study, we investigated the dental health status of patients with
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Table 5
Tooth-related factors in the Sjogren’s disease (SD) population according to
unstimulated (USF) and stimulated (SSF) salivary flow.

USF <0.1 USF <0.1 USF>0.1mL/ P
mL/min and mL/min OR min AND SSF value
SSF <0.7 mL/  SSF<0.7mL/  >0.7 mL/min
min min n=19
n=11 n=7
Dental caries, n (%) 10 (91 %) 4 (57 %) 8 (42 %) 0.03
> 1ICDAS 1-3 2(18) 3(43) 5(26) 0.01
lesions
> 1 ICDAS 4-6 8(73) 1(14) 3(16)
lesions
DMF-T index, mean 17.9 (7) 17.1 (8) 16.8 (4) 0.89
(£SD)
Number of 14.2 (6) 15.4 (8) 141 4) 0.85
restored teeth
Number of 3114 1.6 (1) 2.7 (4) 0.72
missing teeth
Number of 5.5 (6) 2.4 (4) 1.5(2) 0.03
carious lesions
ICDAS 1-3 CL 3.314) 2.1(3) 1.1 (2 0.21
ICDAS 4-6 CL 2.3(2) 0.3 (0.8) 0.4 (1) 0.003
Number of cervical 3.5(5) 1.1 (2) 0.4 (1) 0.015
tooth caries,
mean (+SD)
Number of 3.5(5) 1.3(2) 0.9 (2) 0.08
secondary tooth
caries, mean
(+SD)
Number of 5.2 (5) 6.9 (4) 7.1(5) 0.53
restoration
failure, mean
(+SD)
Tooth wear, n (%) 10 (91) 7 (100) 15 (79) 0.56
>1 WL BEWE 1 109 3(43) 0 (0) 0.03
> 1 WL BEWE 9(82) 4(57) 15 (79)
2-3
Number of tooth 10.9 (9) 9(9) 7.3 (6) 0.43
wear, mean (+
SD)
Number of tooth 6.9 (7) 6.7 (9) 4 (4) 0.39

wear (BEWE2-3)

BEWE: Basic Erosive Wear Examination, CL: carious lesion, DMF-T: decayed,
missing or filled permanent teeth, ICDAS: International Caries Detection and
Assessment System, USF: unstimulated salivary flow, SSF: stimulated salivary
flow, WL: wear lesion.

SD and compared this status with that of an adult general population.
More specifically, we focused on the need for and quality of coronal
restorations and the prevalence of secondary carious and wear lesions.
We found that patients suffering from SD were likely to have a satis-
factory oral hygiene habits, but a higher DMF-T index than the general
RESTO DATA population, consistent with published findings [28-30].
They also had a higher prevalence of non-cavitated carious lesions
(ICDAS 1-3), a larger number of restored teeth and a higher incidence of
cervical CLs, secondary CLs, and restoration failure than the RESTO
DATA general population. These results are consistent with hypo-
salivation, which affects the buffering and remineralizing effects of
saliva [10,29,30]. Indeed, Caries Care International (CCI™), which
promotes a patient-centered, risk-based approach to caries manage-
ment, classifies the presence of low salivary flow as a pathological factor
placing patients at high risk of CLs [31]. CAMBRA (Caries Management
by Risk Assessment) even classifies these patients as being at extreme
risk of CLs [24]. Hyposalivation has also been shown to increase the
amount of heavy plaque visible on the teeth despite regular brushing
[32], as observed in the SS population studied here. Finally, lower
salivary flow [33] and higher incidence of GERD in the SD population
[15,34] may account for the higher prevalence of dental wear lesions,
erosion and attrition found in this SD population. In cases of mismatch
between the number of carious and wear lesions and restored teeth and
the patient’s oral hygiene, diet and follow-up habits, it may therefore be
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Table 6
Results of the OHIP-14 questionnaire.
N =860 RESTO DATA SD P value
general population
population *

Have you had trouble pronouncing 1.2 + 0.7 21+1.1 <0.0001
any words because of problems
with your teeth, mouth or
dentures?

Have you felt that your sense of 1.2+ 0.6 21+14 <0.0001
taste has worsened because of
problems with your teeth,
mouth or dentures?

Have you had painful aching in 24+1.1 3+1.4 0.0007
your mouth

Have you found it uncomfortable 2+1.2 3.1+1.2 <0.0001
to eat any foods because of
problems with your teeth,
mouth or dentures?

Have you been self-conscious 2+1.2 2.6 £1.5 0.002

because of your teeth, mouth or
dentures?

Have you felt tense because of
problems with your teeth,
mouth or dentures?

Has your diet been unsatisfactory
because of problems with your
teeth, mouth or dentures?

Have you had to interrupt meals
because of problems with your
teeth, mouth or dentures?

Have you found it difficult to relax
because of problems with your
teeth, mouth or dentures?

Have you been a bit embarrassed
because of problems with your
teeth, mouth or dentures?

Have you been a bit irritable with
other people because of
problems with your teeth,
mouth or dentures?

Have you had difficulty doing your
usual jobs because of problems
with your teeth, mouth or
dentures?

Have you felt that life in general
was less satisfying because of
problems with your teeth,
mouth or dentures?

Have you been totally unable to
function because of problems
with your teeth, mouth or
dentures

Total score

1.8+1.1 2.7+1.2 <0.0001

1.5+1 23+13 <0.0001

1.4+0.8 2.1+1.2 <0.0001

16+1 21+1.2 0.001

1.8+1.1 2.7 +£1.2 <0.0001

1.4+ 09 19+1.1 0.001

1.3+£0.7 1.5+0.7 0.08

16+1 2.6 £1.3 <0.0001

1.1+05 1.6 £0.9 <0.0001

22.3 + 8.8 32.2 + <0.0001

10.8

" Results from previous RESTO DATA studies.

pertinent to consider the possibility of a salivary disorder that could
explain the situation [35].

Interestingly, the SD population had a higher incidence of secondary
CL and restoration failure despite more frequent oral follow-up than the
general population of the RESTO DATA study. This finding supports the
notion that this population has specific oral health needs. Similar results
for SD patients have already been reported, with a faster failure of direct
restorations than in the general population [36]. In addition, the sur-
vival time of direct restorations, particularly large composite restora-
tions, and of teeth is significantly lower in patients with dry mouth
syndrome. Interestingly, in one study, fixed prosthetic crowns were
nevertheless found to have an acceptable survival time in SD patients
[37]. In the future, we will perform an analysis of restoration failures in
our SD population according to the type of restoration.

The results of the OHIP 14 questionnaire further highlight the pro-
found effect of SD on oral health-related quality of life. The SD popu-
lation had significantly higher scores across all domains, including
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functional limitation, physical pain, psychological discomfort, and
physical and psychological disability. This result is consistent with other
reports of a poorer oral health-related quality of life whatever the origin
of xerostomia [38-40], due to an increase in oral health problems in
particular [41].

This study provides valuable insight into the oral health challenges
faced by SD patients, but it has several limitations. The cross-sectional
design of the study limits its ability to establish causal relationships
between SD and oral health outcomes. In terms of salivary flow, only a
proportion of the SD population had severe hyposialia. We used a
threshold of 0.1 mL/min for unstimulated saliva as a criterion for disease
severity, but most of the patients already presented with hyposialia if we
considered a threshold of 0.3 mL/min. This study did not take into ac-
count the date of SD symptom onset. It was not, therefore, possible to
investigate the correlation between disease duration and clinical
severity. Furthermore, some patients are now undergoing treatment
with salivary substitutes and/or stimulants, mostly salivary substitutes
(34 %) and pilocarpine (47 %), which has been shown to have a positive
impact on saliva flow after three months of treatment [42]. One of the
limitations of this study is its limited statistical power. As this was an
observational study based on data from "routine" patient consultations,
the sample size reflects the recruitment capacity of each participating
center. The sample size is also constrained by the rarity of primary
Sjogren’s disease. The study may therefore have had insufficient power
to detect significant differences between groups. Furthermore, given the
multiple statistical tests performed on very small samples, may have
limited the generalizability of our findings. In addition, the small sample
size may not fully capture the diversity of the SD population, especially
in terms of disease severity and treatment history. Future studies would
benefit from a longitudinal design to explore whether the implementa-
tion of appropriate preventive strategies [35], such as increasing the
dose of fluoride and rinsing with sodium bicarbonate to improve buff-
ering capacity [24], and the type of restoration used can modify the
progression of oral health complications in patients with SD over time.

5. Conclusion

This study confirms that Sjogren’s disease (SD) has a significant ef-
fect on dental health, increasing the risk of carious lesions, wear lesions,
and restoration failures. Caution is required when generalizing these
findings to the broader SD population, but such oral manifestations may
serve as early indicators for diagnosis. The hallmark decreases in sali-
vary flow associated with SD plays a key role in these complications
highlighting the need for tailored preventive strategies and close clinical
monitoring. Furthermore, the considerable impact of SS on oral
health-related quality of life demonstrates the value of an interdisci-
plinary approach for addressing both systemic and oral aspects of the
disease. In cases in which the presence of multiple carious or wear le-
sions or recurrent restoration failures appears inconsistent with the
patient’s reported diet and oral hygiene practices — despite regular
dental care — an underlying salivary dysfunction should be considered.
Effective management of hyposalivation is essential to mitigate these
oral complications and to preserve long-term oral and general health.
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