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Chapter �

�. GENERAL INTRODUCTION
Sjögren’s Disease (SjD) is an autoimmune inflammatory disorder of the exocrine glands and 
particularly a�ects the lacrimal and salivary glands. Severe oral dryness is reported as a 
presenting symptom by ��% of the SjD patients (Hansen et al., ����). This symptom is i n many 
cases accompanied by nonspeci�c symptoms, such as malaise and fatigue. Due to damage 
to the saliva producing cells, the quantity and quality of saliva reduces progressively. Due 
to hyposalivation, patients are at risk of su�ering from xerostomia complaints (severe dry 
mouth), eating and swallowing problems, loss of taste perception, progressive dental decay 
and erosion, inflammation of the oral mucosa, and lack of retention of removable dentures. 
Overall, this leads to a signi�cant reduction in the quality of life (Enger et al., ����; Fox et al., 
����; Meijer et al., ����; Stewart et al., ����).

The disease was �rst described in ���� by the Swedish ophthalmologist Hendrik Samue l Conrad 
Sjögren. However, as early as ���� a patient was described wit h enlarged parotid glands and 
a dry mouth. Autopsy revealed in�ltration of lymphocytes in the salivary glands, indicating 
an inflammatory reaction (Fox, ����). Damage to the glands due to the inflammator y process 
mainly occurs in the salivary and lacrimal glands. In addition to these glands, many other 
parts of the body may also be involved in the disease process, such as the joints (arthritis), 
lungs, kidneys and blood vessels. In addition, almost all patients su�er from severe fatigue 
(Fox, ����).

�.� Pathophysiology
The etiology of SjD is still largely unknown. It is probably a multifactorial process involving 
hereditary and hormonal factors that are activated by an inflammatory response (Khatri 
et al., ����; Lin et al., ����; Triantafyllopoulou et al., ����; Weller et al., ��� �; Xuan et 
al., ����). Examples are infections with the coxsackie virus or the Epstein-B arr virus or 
parotitis (inflammation of the parotid gland). This initial inflammation t riggers an immune 
response in the body in which the B and T cell lymphocytes are activated, a normal immune 
response. However, in someone who is genetically susceptible, autoantibodies can also be 
produced under the influence of the initial inflammatory response. In that case, an immune 
response occurs in which the body does not correctly distinguish between the body’s own 
tissue and foreign tissue and antibodies are formed that can attack the body’s own tissue. 
SjD involves the autoantibodies anti-SjD-A/RO and anti-SjD-B/La. These autoantibodies 
cause damage to, among other things, the salivary and lacrimal glands. The consequence of 
this is a disturbed secretion function that leads to qualitatively and quantitatively reduced 
(salivary) secretion. Measuring these antibodies in the blood helps in the diagnosis of 
Sjögren’s Disease (Fox, ����).

SjD can occur as an alone standing disease or it could be associated with another autoimmune 
disease such as rheumatoid arthritis or systemic lupus erythematosus (Ramos-Casals et al., 
����). SjD can occur at any age and is mainly seen in women, with a female to male ratio of 
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�:�. The estimated prevalence of SjD varies between �.��% and �.�% worldwide, m aking SjD 
the most common systemic autoimmune disease a�er rheumatoid arthritis (RA) (Qin et al., 
����). Until now the prevalence in the Netherlands has not yet been studied.

�. DIAGNOSING SJÖGREN’S DISEASE
In ����, the International Collaborative Clinical Alliances Cohort cri teria were introduced by 
the Sjögren’s International Collaborative Clinical Alliances Cohort (Shiboski et al., ����). These 
criteria were subsequently recognized by both the American College of Rheumatology (ACR) 
and the European League Against Rheumatism (EULAR) Executive Committee in ���� (Shiboski 
et al., ����). The �nal classi�cation criteria are based on the weighted sum of � ve items as 
described in Table �.  These criteria can be used to diagnose SjD. This is o�en performed by a 
rheumatologist. The most important criteria are the presence of so-called autoantibodies in 
the blood (SSA or SSB (anti-Sjögren’s Disease-related antigen A or B)) and a positive biopsy 
from the salivary gland. The latter means that in�ltrations of lymphocytes are found in a biopsy 
of salivary gland tissue. Although this biopsy can be taken from both the lip and the parotid 
gland, most hospitals choose to harvest a number of salivary glands from the lip.

Table �.  Classi�cation: criteria for the diagnosis of Sjögren’s Disease (Seror et al., ����)

Criterion Description Score

Labial salivary gland biopsy Presence of focal lymphocytic sialadenitis with a focus 
score of �� foci/� mm²

�

Anti-SSA/Ro autoantibodies Positive result for anti-SSA/Ro antibodies �

Ocular staining score (OSS) OSS � � (or van Bijsterveld score � �) on at least one eye �

Schirmer’s test Schirmer’s test score � � mm/� minutes in at least one eye �

Unstimulated whole saliva flow rate Unstimulated whole saliva flow rate � �.� ml/min �

- A total score of � � is required to classify a patient as having SjD.
- At least one of the serological or histopathological criteria (labial salivary gland biopsy or anti-SSA/Ro 
autoantibodies) must be positive.

�.� Hyposalivation and xerostomia
Sjögren’s disease is a chronic autoimmune disorder that primarily a�ects the exocrine glands, 
especially those producing saliva and tears. The resulting gland dysfunction is, amongst 
others,  caused by lymphocytic in�ltration, �brosis, ductal blockage, a poptosis of glandular 
cells, structural damage and neural dysfunction. (Mariette & Criswell, ��� �). Ocular and/or 
oral dryness (sicca symptoms) are the most common manifestation of SjD, occurring in up to 
��% of cases (McCoy et al., ����). Oral dryness complaints can be described as a comb ination 
of subjective and objective complaints, possibly supplemented with functional and/or dental 
complaints as a result of the dry mouth (Villa et al., ����) ( Table � ).

�
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Table �. De�nitions of terms used in this thesis (Villa et al., ����)

Condition/terminology De�nition

Xerostomia Subjective feeling of a dry mouth

Hyposalivation Reduced saliva secretion. Unstimulated secretion: � �.� ml/min; stim ulated 
secretion: � �.� ml/min.

Salivary gland dysfunction A change in the quantity or quality of saliva

Dry mouth In the literature, this can refer to either xerostomia or hyposalivation or both

Unstimulated saliva Saliva secreted without exogenous taste, smell, chewing, mechanical, or 
medicinal stimulation

Stimulated saliva Saliva secreted in response to an exogenous stimulus

A distinction can be made between xerostomia and hyposalivation. Xerostomia describes 
the sensation of a dry mouth, while hyposalivation is an objectively measured decrease in 
saliva secretion. Patients may have a feeling of a dry mouth without objectively producing 
too little saliva, especially in early stages of SjD (Kalk, ����). Other patien t groups that 
su�er from reduced saliva secretion include those who have undergone irradiation in the 
head and neck area (approximately �.�% of the population) and those with long-term use of 
medications that cause xerostomia as a side e�ect (approximately ��% of the popul ation), 
such as antihypertensives, tranquilizers, antidepressants, and antipsychotics. These patients 
may have similar oral complaints as SjD patients (Pedersen et al., ����).

�. DENTAL CONSEQUENCES OF SALIVARY GLAND 
DYSFUNCTION RELATED TO SJÖGREN’S DISEASE

Due to a lack of saliva and/or an altered composition of the saliva, the protective e�ect of the 
saliva is no longer as it should be and oral health problems can occur such as caries, erosion, 
periodontal disease and/or mucous membrane problems. Wearing prosthetic devices also 
becomes di�cult and debris remains in the mouth more quickly and longer.

Caries
In a large proportion of hyposalivation patients with their own dentition, there is a high risk 
of developing caries due to the loss of the protective properties of saliva. Research shows 
that there is a strong correlation between reduced saliva secretion and the prevalence of 
caries (Dawes et al., ����). The reduced saliva secretion rate slows the removal of debris in 
the mouth and also adversely a�ects the salivary bu�ering of acid in the dental plaque. At a 
low secretion rate, the bicarbonate concentration in saliva is reduced, which means that the 
e�ect of acids can be eliminated less e�ectively by saliva. Although phosphate concentration 
is increased at low secretion rates, its e�ectiveness as a bu�er is reduced because the salivary 
pH will be lower than the pK�  value for phosphate, so most of the phosphate exists in the 
H� PO�

- form and no additional hydrogen can absorb ions (Dawes et al., ����). The criti cal pH 
depends on the composition of the liquid phase of plaque, but is considered to be between 
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�.� and �.� (ten Cate, ����). The speed at which the saliva �lm moves over dental plaq ue also 
influences the rate at which acid is formed, is contained in dental plaque and can di�use into 
the overlying saliva �lm. Computer modeling and use of a physical model have shown that the 
speed at which acid is removed from plaque is inversely proportional to the velocity at which 
the salivary �lm flows over the oral surfaces (Dawes, ����).

Caries in patients with hyposalivation is usually a rapidly progressive process. It is therefore 
important to take adequate preventive measures (Lin et al., ����; Porter et al., � ���; Scully & 
Felix, ����), such as adjusting the diet, adequate oral hygiene, applying high c oncentrations 
of fluoride and/or prescribing ���� ppm fluoride toothpaste. Without the se types of measures, 
serious damage can be caused to teeth or even to the entire dentition in a relatively short time 
(Moorer, ����). Caries lesions associated with dry mouth are o�en atypica l, cervical lesions 
(so-called root caries) that rapidly progress pulpally and undermine the crown of the tooth, 
o�en causing the crown to break o� and leaving a radix where no restorative treatment is 
possible. The smooth surfaces and incisal edges of teeth are also not spared (Moorer, ����). 
As a result, there could be a higher risk of premature loss of one’s own dentition compared to 
people without hyposalivation, which could endanger the chewing function.

Dental erosion
In addition to caries, patients with salivary gland dysfunction are also above average susceptible 
to severe dental erosion (Lajer et al., ����). If saliva secretion is reduced and /or the quality of 
saliva has changed, the protective e�ect of saliva against dental erosion may be compromised 
(Aliko et al., ����; Nieuw Amerongen et al., ����). The importance of saliva in p rotecting against 
dental erosion becomes clear when looking at the di�erences in susceptibility to dental erosion 
between di�erent healthy patients. It appears that di�erences in saliva prop erties and the 
saliva �lm play an important role in this (Jager et al., ����). Dental erosion is m ainly found in 
patients who are still able to stimulate saliva secretion through taste. For example, acid is a 
very strong stimulant to increase saliva secretion (Dawes et al., ����). I f SjD patients start using 
it to counteract the feeling of a dry mouth, they run a high risk of developing dental erosion.

Saliva is believed to be involved in protection against dental erosion in several ways. It 
dilutes acids and salivary clearance gradually removes acid from the oral cavity through 
the swallowing process. In addition, saliva contains proteins, bicarbonates and phosphate 
bu�ers, and saliva is supersaturated with dental minerals, such as calcium and phosphate. In 
addition, saliva contains a wide range of proteins, and some of these proteins have protective 
properties other than just a bu�ering e�ect. Finally, proteins can protect teeth from acids by 
forming a salivary �lm when teeth are exposed to saliva (Dawes, ����; Dawes et al., �� ��). 
This �lm, or pellicle, acts as a di�usion barrier or selectively permeable membrane, limiting 
direct contact between acids and the tooth surface. As a result, the demineralization of the 
tooth surface is reduced (Amaechi et al., ����; Hannig & Balz, ����). Nieuw Amer ongen et al. 
showed that exposure of enamel to unstimulated saliva for � days resulted in a ��% reduction 
in demineralization. Exposure of enamel to submandibular/sublingual saliva for �� minutes 

�
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resulted in complete prevention of erosion. These authors suggested that this prevention of 
erosion was due to salivary mucins (Nieuw Amerongen et al., ����). Unfortunate ly, these 
proteins are either present in reduced concentrations or do not function properly in patients 
with SjD (Chaudhury et al., ����).

Periodontitis
In addition to dental caries, periodontal disease can also result in tooth loss (Linden et al., 
����). Periodontitis is a chronic bacterial infection that stimulates a host in flammatory 
response, leading to periodontal tissue damage that involves progressive loss of the tooth-
supporting tissues such as periodontal ligament and bone. The etiology of periodontal disease 
is a combination of bacterial, genetic, and lifestyle factors and the presence of other systemic 
diseases, such as diabetes (Linden et al., ����). Periodontal disease has also be en linked to 
rheumatoid arthritis as periodontal disease and rheumatoid arthritis share etiological factors 
(De Smit et al., ����).

An imbalance between commensal microorganisms, the hosts defense and oral hygiene could 
result in accumulation of bacteria on the tooth and gingival surface, causing inflammation 
of the gingiva. The early stage of inflammation, known as gingivitis, is characterized by an 
inflamed aspect of the gingiva (swelling and redness) and bleeding on probing. More advanced 
periodontal inflammation is known as periodontitis, which is clinically characterized by 
enhanced pocket-probing depths, attachment loss, and vertical and angular bone defects 
(Sanz et al., ����).

Previous research has been unable to show conclusive scienti�c evidence regarding whether 
patients with SjD are more prone to display signs of periodontal disease than non-SjD patients. 
Some studies have suggested that SjD patients may be at a higher risk of developing periodontal 
problems because of more gingival inflammation (Celenligil et al., ����; Ergu n et al., ����; 
Najera et al., ����). In a recent review and meta-analysis (de Goés Soares et al., �� ��) did not 
provide strong evidence that periodontal status is a�ected by SjD. Unfortunately, that study 
did not include a comprehensive meta-analysis of all the available data

Dentures
Saliva plays an important role in the functioning of full and partial dentures. The continuous 
flow of saliva in the oral cavity and the presence of a saliva �lm between the denture base 
and the oral mucosa ensures that the oral mucosa remains moist and is not easily damaged 
(Turner et al., ����). In addition, the saliva flow ensures the removal of micro-or ganisms, 
epithelial cells, leukocytes and food particles that would otherwise accumulate under the 
denture. Furthermore, saliva contributes to the retention of the dentures (Bogucki et al., 
����; De Koomen & Van Velzen, ����; Niedermeier & Krämer, ����). If there is a qual itative 
or quantitative saliva problem, loss of retention, pain and ulceration may occur. In addition, a 
dry mouth is associated with the occurrence of the sensation of burning mouth (non-idiopathic 
‘burning mouth disease’), which makes wearing conventional dentures very di�cult (Ritchie 
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& Kramer, ����). A review highlighted the important role of saliva in the success o f wearing 
a denture (Tanaka et al., ����). It appears that speaking and c hewing skills, as well as the 
stability of the denture, decrease in patients with dry mouth complaints compared to healthy 
people. However, a special �nding was that (in a minority of denture wearers) an above-average 
saliva secretion appeared to negatively influence denture comfort. The foreign body feeling 
is probably at play.

Dental implants
When retention problems and/or serious discomfort are experienced due to a dry mouth when 
wearing a complete denture, which is frequently seen, dental implants can be placed to provide 
more retention to the denture. However, little is known about the success and survival of dental 
implants in patients with SjD. To date, no prospective clinical trials have been published in 
which the success and survival of dental implants in patients with SjD were investigated and 
compared to healthy subjects. Only retrospective studies and case series reported on the use 
of dental implants in patients with SjD, o�en with favorable outcomes (Albrecht et al., ����; 
Almeida et al., ����; Barros et al., ����; Chrcanovic et al., ����; Korfage et a l., ����), but also 
with less favorable outcomes such as an above average loss of implants (Isidor et al., ����).

�. OUTLINE OF THIS THESIS
The overall aim of this thesis was to investigate the oral sequelae of SjD to have a better 
understanding of the impact on oral health. Additionally, we investigated the success of dental 
implants and implant-supported overdentures in the dental rehabilitation of SjD patients.

In Chapter �  we analysed and described the existing literature on the prevalence of SjD. Also, 
the prevalence of SjD within the dental schools of Nijmegen and Amsterdam, the Netherlands 
is investigated.

To date, there is still little information on the average tooth loss in SjD patients. Such information 
would be bene�cial because it would o�er clinicians the possibility to predi ct the location 
of tooth loss and adjust their treatment plans accordingly. Furthermore, such information 
could contribute to the development of dental protocols for SjD patients. Based on clinical 
experience it can be hypothesized that SjD patients lose their teeth faster than non-SjD patients 
as a consequence of the decreased salivary secretion. Therefore, the aim of Chapter �  was to 
evaluate tooth loss in SjD patients and compare this to a non-SjD age- and gender-matched 
control group.

Tooth loss could be related to the presence of periodontal disease. Until now it is debated 
whether SjD patients are more prone to periodontal disease compared to non-SjD patients. 
Therefore, in Chapter � we describe a systematic review of the literature in which we requested 
missing information from the corresponding authors to properly use all the knowledge available 
from the research performed in clinical settings. The objective of this study was to assess, 

�
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through a systematic review of the literature and thorough analysis of the underlying data, 
the risk of periodontal disease in SjD versus non-SjD patients.

Replacing missing teeth could be di�cult in SjD patients. If there is a qualitative or quantitative 
problem with saliva, loss of retention, pain and ulceration may occur while wearing full or partial 
dentures. For patients with SjD, an implant-supported restoration could be a better treatment 
option. To date, no prospective clinical trials have been published in which the success and 
survival of implants in patients with SjD were investigated and compared to healthy subjects. 
Therefore, the aim of Chapter �  was to prospectively investigate the clinical performance 
and patient-reported outcomes of dental implants in dentate patients with SjD compared to 
subjects without SjD up to �� months a�er placement of the suprastructure.

When the point is reached where the teeth can no longer be preserved, complete dentures 
will have to be made. This could be done by a conventional denture, but in dry mouth patients 
this therapy is not always successful due to loss of retention, pain and ulceration. For SjD 
patients, an implant-supported overdenture could be a better treatment option. To date, no 
prospective clinical trials have been published in which the success of implant-supported 
overdentures in SjD patients was investigated prospectively and compared to subjects without 
SjD. Therefore, the aim of Chapter �  was to prospectively investigate patient-reported outcome 
measures and the clinical performance of implant-supported overdentures in edentulous SjD 
patients compared to subjects without SjD. We hypothesise that there is no di�erence in study 
outcomes between edentulous patients with or without SjD. Finally, in Chapter �  the research 
presented in this thesis and the future perspectives and clinical implications of the studies 
reported in this thesis are discussed. In Chapter �  the results of this thesis are summarized.
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ABSTRACT
Background/Objectives
Sjögren’s Disease (SjD) is an autoimmune disease causing irreversible damage to the exocrine 
glands but can have symptoms throughout the entire body. The aim of this study is to determine 
the prevalence of Sjögren’s Disease (SjD) in the Netherlands, compare this with the prevalence 
for other countries  in a systematic literature review.

Methods
In the �rst part of this study, the prevalence of SjD was determined at two academic dental 
clinics in the Netherlands by electronically analyzing patient records. In the second part of 
this study, a systematic literature search was performed in PubMed. Studies in the English 
language reporting prevalence ratios (PRs), incidence ratios (IRs) or su�cient data to calculate 
these parameters were included. Population-based studies and population surveys aiming 
to examine an entire geographic region or using a clearly de�ned sampling procedure were 
included. Review studies were excluded. Studies that did not report su�cient data or contained 
no original data were excluded. Included studies were assessed using the Newcastle-Ottawa 
assessment scale.

Results
At the dental clinic in Amsterdam, �� SJD patients were identi�ed among a patient population 
of ��,���, resulting in a prevalence ratio of �� per ���,��� (�.���%) patients. I n Nijmegen, �� 
SjD patients were identi�ed in a total patient population of ��,���, resul ting in a prevalence 
ratio of ��� per ���,��� (�.��%). Thirty-one studies were included in the syst ematic review. 
They varied in diagnostic criteria for SjD with the American-European Consensus Group (AECG) 
criteria being the most widely used. The reported prevalence ratio varied from �.���% to 
�.�%. The overall pooled prevalence ratio of SjD using the AECG criteria was �.���%, while 
the pooled prevalence of SjD using the EU criteria was �.���%. The overall pooled incidence 
ratio was �.� (��%CI �.� to �.�) per ���,��� person-years.

Conclusion
The estimated prevalence ratio of SjD in the Netherlands (�.�� % to �.��%) falls within the 
worldwide range but is higher than the worldwide pooled prevalence ratio.

Keywords
Sjögren’s Disease, Prevalence, Incidence
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Prevalence of Sjögren’s Disease

�. INTRODUCTION
Sjögren’s Disease (SjD) is a chronic and progressive autoimmune disease causing irreversible 
damage to the exocrine glands and is associated with the B and T lymphocyte in�ltration of 
the a�ected glands (Fox, ����; Reksten & Jonsson, ����). Although SjD is a sy stemic disease 
and can have symptoms throughout the entire body, it mainly a�ects the lacrimal and salivary 
glands. The predominant symptoms are dry eyes, hyposalivation and xerostomia (Malladi et al., 
����; Reksten & Jonsson, ����). Other symptoms are fatigue, j oint pain, vaginal dryness and 
depression (Bongi et al., ����; Malladi et al., ����; Mariette & Criswell, ����; V an Nimwegen 
et al., ����). Furthermore, among patients with SjD, the risk of B-cell lympho ma is �� to �� 
times higher than in the general population (Mariette & Criswell, ����). SjD can b e divided 
into primary SjD and SjD associated with another rheumatic disease, such as rheumatoid 
arthritis or systemic lupus erythematosus (Malladi et al., ����; Tsuboi et al., �� ��). Due to 
the decreased saliva secretion, the altered saliva composition (Baldini et al., ����) and the 
reduced capability of saliva to bu�er, lubricate and perform antimicrobial activities, caries 
risk in SjD patients is increased (Mathews et al., ����; Pijpe et al., ����). SjD pa tients have 
an increased risk of root caries and caries on the labial and incisal surfaces of the teeth. Also, 
a diminished taste (Weifenbach et al., ����) and swallowing disorders (Pierce et al. , ����) 
are frequently reported. Finally, SjD can increase the risk of Candidiasis and the inflammation 
of the oral mucosa (Mathews et al., ����). In the early stages of SjD, salivary secretion can 
be stimulated by the use of lozenges and chewing gums or systematic pharmacotherapies 
such as pilocarpine or cevimeline (Al Hamad et al., ����; Assy et al., ����). Altern atively, 
sialoendoscopy as a therapeutic procedure (Karagozoglu et al., ����) and a cupuncture (Al 
Hamad et al., ����; Assy & Brand, ����) have also been reported to increase saliva pro duction.

Worldwide, several studies have explored the prevalence of SjD, and large di�erences 
have been reported between di�erent parts of the world. This could be related to ethnic 
and geographical di�erences (Gøransson et al., ����; Tsuboi et al., ����). Mor eover, the 
use of di�erent classi�cation criteria to diagnose SjD could also explain these di�erences. 
Some studies use the International ‘Statistical Classi�cation of Diseases and Related Health 
Problems’ (ICD) code system, a globally used tool to classify diseases. The ICD system is 
primarily used for administrative purposes, such as tracking diseases, reimbursement and 
public health reporting. It does not de�ne speci�c clinical criteria for the dia gnosis of SjD but 
simply categorizes diseases based on existing de�nitions. Other frequently used diagnosis 
criteria are the EU-���� and EU-����, Copenhagen and San Diego criteria. For ha rmonization 
purposes, the American-European Consensus Group (AECG) proposed in ���� a new set of 
criteria, based on previous research (Vitali et al., ����). Finally, in ��� �, the ACR/EULAR set 
of criteria was introduced, which excludes the most common di�erential diagnoses. It also 
di�ers substantially from the previous AECG criteria in that it considers systemic manifestations 
and introduced a weighted scoring system (Shiboski et al., ����). The EU-���� and t he 
San Diego and the Copenhagen criteria could be regarded as more symptom-based criteria 
placing emphasis on patient-reported symptoms of dry eyes and dry mouth. In contrast, the 

�
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EU-����, the AECG and the ���� ACR/EULAR criteria place more focus on object ive tests 
including histopathological examination and antibody testing (anti-Ro/SjD-A and anti-La/
SjD-B), moving away from reliance on subjective symptoms (Baldini et al., ����) . The use 
of di�erent classi�cation criteria and the broad nature of ICD coding can create substantial 
di�erences in the reported prevalence of Sjögren’s Disease. More lenient or symptom-based 
criteria will o�en lead to higher prevalence estimates, while stringent, objective-based criteria 
that rely on speci�c test results will produce lower estimates. This discrepancy is influenced 
by varying access to diagnostic testing, changing classi�cation standards over time and the 
administrative nature of the ICD coding system.

The prevalence of SjD in the Netherlands is unknown. Therefore, the aim of our study was to 
determine the prevalence of Sjögren’s Disease at two  academic dental clinics in the Netherlands 
and compare this prevalence with a worldwide systematic literature review of previous studies 
in other countries.

�. MATERIAL AND METHODS
�.� Patient Selection for Prevalence Study
 This study was approved on �� November ���� by the Internal Ethical Review Board o f the 
Academic Centre for Dentistry Amsterdam (ACTA) under protocol number ������ . To determine 
the prevalence of SjD within the Academic Centre of Dentistry Amsterdam (ACTA), the electronic 
health record system Axium (Exan group, Coquitlam, BC, Canada) was automatically searched 
as previously described (van Kempen et al., ����) for the terms Sjögren, Sjogr en, Sjögrens 
syndrome and Sjogrens syndrome. Only patients who visited the dental clinic in the period 
from ���� up to ���� were included.

In the prevalence study performed at RadboudUMC Nijmegen, patients were identi�ed by 
an automated search in the electronic health record system Dentium EDU (Netpoint Group, 
Waalwijk, the Netherlands). The search term ‘Sjögren’ was used to identify patients who 
visited the dental clinic in the period from ���� to ����. Data about the diagnosi s of SjD 
were extracted manually by reviewing the identi�ed health records. In both dental clinics, 
the prevalence ratio was calculated by dividing the number of SjD patients identi�ed by the 
total number of patients that enrolled in the clinic during these years.

�.� Systematic Literature Review

�.�.� Type of Studies
For this research, population-based studies and population surveys aiming to examine an 
entire geographic region or using a clearly de�ned sampling procedure were included. Review 
studies were excluded. Studies were eligible for inclusion if they reported prevalence ratios 
(PRs), incidence ratios (IRs) or su�cient data to calculate the PRs or IRs. Studies that did not 
report su�cient data or contained no original data were excluded.
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�.�.� Type of Participants
The selected studies included patients with primary SjD or SjD associated with another 
rheumatic disease.

�.�.� Types of Outcome Measures
The prevalence of SjD was the primary variable of interest. The prevalence ratio data included 
the number of patients with SjD and the size of the study population during the study period. 
The secondary variables extracted were the author, publication year, country of origin, study 
period, the patient selection method, patient age and criteria used for the diagnosis of SjD.

�.�.� Search Strategy, Screening and Selection
The electronic database PubMed was searched using the term ‘Sjögren’s Disease’ in combination 
with ‘prevalence’ and ‘epidemiology’ for studies up to August ���� using the following search 
strategy: “Sjögren’s Disease” [Mesh] AND (“Prevalence” [Mesh] OR “Epidemiology” [Mesh] 
OR “Sjögren’s Disease” [Mesh] epidemiology OR “Epidemiology” [Mesh] Sjögren’s Disease 
OR “Sjögren’s Disease” [Mesh] prevalence OR Epidemiology Sjögren’s Disease). Language 
was restricted to English.

The titles and abstracts of all identi�ed publications were screened by two reviewers. Di�erences 
in judgement were resolved through a consensus procedure. If eligible aspects were present in 
the title or abstract, full-text publications were obtained, fully read and assessed. Publications 
which ful�lled all selection and inclusion criteria were included for data extraction. The 
reference lists of the included publications were also manually searched for potentially relevant 
publications.

�.�.� Quality Assessment
Included studies were assessed for quality and bias using the Newcastle-Ottawa Quality 
Assessment Scale (NOS) for case–control and cohort studies (Higgins, ���� ). The NOS consists 
of � items, which are divided into � domains: selection, comparability and exposu re. Assessed 
items in the ‘’selection’’ domain were the adequacy of the case de�nition, representativeness 
of the cases, selection of controls and the de�nition of controls. In the ‘’comparability’’ domain 
only the comparability of the cases was assessed, and in the last domain ‘exposure’, the 
ascertainment of exposure, the same method of case ascertainment and the non-response rate 
were assessed. One observer (JH) generated the scores of the included publications. When a 
study ful�lled an item, this was expressed with a “*”. No symbol indicated that the study was 
not adequate, or it was not clear whether it was adequate. In case–control and cohort studies, 
a maximum of � points could be obtained. In the adjusted version, applied in this review, only 
a maximum of � items could be assessed. In the ‘selection’ domain, the items ‘selection of 
controls’ and ‘de�nition of controls’ were not assessed and neither was ‘the ascertainment of 
exposure’ in the ‘exposure’ domain. These items were scored as NA = not applicable.

�
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�.�.� Data Extraction
Two review authors (JFH and FM) extracted data independently with the help of data extraction 
forms, and outcome data were summarized into Review Manager (RevMan �.�). The details 
of the study such as the authors, year of publication, prevalence, prevalence ratio, incidence 
and incidence ratio were extracted for each study and documented in a data sheet. The overall 
incidence ratio and overall prevalence ratio were calculated as the weighted average of all 
included studies. Subsequently, the con�dence interval for the calculated overall ratios was 
determined using the sample size calculator for designing clinical research (www.sample-size.
net/con�dence-interval-proportion/)

�. RESULTS
The ACTA electronic health record system comprised ��,��� patients wh o enrolled between 
���� and ����. A total of �� patients with SjD were identi�ed. The prevalence o f SjD at ACTA 
was �.���%, and the prevalence ratio was ��.�� per ���,��� persons. At the dent al school 
of RadboudUMC Nijmegen, the electronic health record system comprised ��,��� patients. 
In this database, �� patients were labelled as SjD patients. The prevalence was �.��%, and 
the prevalence ratio was ���.�� per ���,��� persons.

�.� Literature Study
Initially, ���� publications were found, and a�er restriction to publicat ions in the English 
language, ���� publications remained. All publications were screene d for eligibility based 
on the title and abstract, a�er which �� publications remained. These were sc reened full 
text for suitability. Twenty-eight studies were excluded because they did not contain data 
on the prevalence or incidence of SjD; in three other studies, the data were insu�cient to be 
included, and one study contained data already presented in another publication. Fourteen 
studies were excluded since they only investigated speci�c populations. This resulted in 
�� included studies. The included studies, of which �� provided only prevalence rati os, � 
provided only incidence ratios and � provided both, were assessed for quality and included 
for data extraction (Figure �).

�.� Prevalence Ratio of Sjögren’s Disease
Seventeen of the included prevalence studies were conducted in Europe (Alamanos et al., 
����; Anagnostopoulos et al., ����; Barrio-Cortes et al., ����; Bowman et al ., ����; Cafaro 
et al., ����; Dafni et al., ����; Eaton et al., ����; Gøransson et al., ����; Haug en et al., ����; 
Maldini et al., ����; Narváez et al., ����; Sardu et al., ����; Seror et al., ����; Stank eviciene 
et al., ����; Thomas et al., ����; Tomši� et al., ����; Trontzas & Andrianzakos, �� ��), �ve 
in Asia (Birlik et al., ����; Kabasakal et al., ����; See et al., ����; Yu et al., ����; Zhang et  
al., ����), one in the USA (Izmirly et al., ����) and three in South America (Fernández -Ávila 
et al., ����; Moreno-Quispe et al., ����; Valim et al., ����)  (Table �). Among the included 
studies were �� medical record searches, in which the medical history of included patients 
was screened for SjD and diagnosis criteria, and �� questionnaires followed by a clinical 
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examination to determine whether patients are indeed su�ering from SjD. The remaining 
studies used an initial telephone survey followed by the screening of medical records when 
necessary. All studies were published between ���� and ����.  T he American-European 
Consensus Group (AECG) criteria were the most widely used (�� studies) as diagnostic criteria, 
followed by � studies using ICD criteria, � studies using the EU criteria, � studies using the 
���� ACR/EULAR criteria and � using the San Diego criteria.

Figure �.  PRISMA flowc hart of identi�cation and selection of studies for inclusion.

One study did not provide information on the number of assessed patients (Fernández-Ávila 
et al., ����). In the remaining �� studies, the number of included subjects varied fro m ��� to 
�� million patients with a mean of �,���,��� patients. In three studies, onl y female subjects 
were included (Bowman et al., ����; Dafni et al., ����; Kabasakal et al., ����). A tot al of � 
studies took a sample of patients registered in hospitals or rheumatology clinics, � studies 
took a sample of the national health insurance databases and �� studies included patients 
from an entire region or country. 

�

179852_Maarse_BNW-def.indd   25179852_Maarse_BNW-def.indd   25 06-11-2025   09:2806-11-2025   09:28



26

Chapter �

Table �.  Overview of included Sjögren’s disease prevalence studies.

Author
Publication 

year
Country of 

origin Study period
Patients  
Age (yrs)

Diagnostic criteria 
used

Alamanos et al. ���� Greece ����–���� Mean �� AECG

Anagnostopoulos et al. ���� Greece ����–���� Mean ��.�� AECG

Barrio-Cortes et al. ���� Spain ���� � �� AECG, ���� ACR or 
���� ACR/EULAR

Birlik et al. ���� Turkey NS Mean ��.� AECG

Bowman et al. ���� UK NS ��–�� AECG

Cafaro et al. ���� Italy ���� Mean �� ICD �

Dafni et al. ���� Greece ���� NS EU ����

Eaton et al. ���� Denmark ����–���� NS ICD ��

Fernández-Ávila et al. ���� Colombia ����–���� NS ICD ��

Gøransson et al. ���� Norway ���� Mean ��.� AECG

Haugen et al. ���� Norway ����–���� ��–�� & ��–�� EU ����

Izmirly et al. ���� USA ����–���� � �� AECG

Kabasakal et al. ���� Turkey ����–���� Mean ��.� AECG

Maldini et al. ���� France ����–���� Mean ��.� AECG

Moreno-Quispe et al. ���� Peru ���� NS ICD ��

Narváez et al. ���� Spain ����–���� NS AECG

Sardu et al. ���� Italy ���� ��–�� ICD �

See at al. ���� Taiwan ����–���� NS ICD �

Seror et al. ���� France ����–���� NS ICD ��

Stankeviciene et al. ���� Lithuania ����–���� ��–�� ���� ACR/EULAR

Thomas et al. ���� UK NS ��–�� EU ����

Tomši� et al. ���� Slovenia NS Mean female ��.�
Mean male ��.�

EU ����

Trontzas & Andrianzakos. ���� Greece ����–���� Mean �� AECG

Valim et al. ���� Brazil ���� ��-�� AECG

Yu et al. ���� Taiwan ����–���� NS ICD �

Zhang et al. ���� China NS NS San Diego

NS = Not Stated
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Patient Selection method
Study 

Population
Number of SjD 

patients
Prevalence  

rate
Prevalence ratio 

per ���,��� Study Design

Medical record search ���,��� ��� pSS �.��% ��.� Population based

Questionnaire + clinical 
examination

���� � pSS �.��% ���.� Cross-sectional
Population survey

Medical record search �,���,��� ���� �.���% �� Cross-sectional
Population based

Questionnaire + clinical 
examination

���� � pSS �.��% ���.� Population based

Questionnaire + clinical 
examination

��� women � pSS �.�% ���.� Population survey

Medical record search �,���,��� ���� pSS �.���% �� Population based

Questionnaire + clinical 
examination

��� women � pSS �.��% ���.� Population survey

Medical record search �,���,��� ���� SS �.���% ��.� Population based

Medical record search NS ��,��� SS �.��% ��� Population based

Medical record search ���,��� ��� pSS �.���% ��.� Population based

Questionnaire + clinical 
examination

��,��� &
����

� pSS &
� pSS

�.��% &
�.��%

���.�� Population survey

Medical record search �,���,��� ��� pSS �.��% ��.� Population based

Questionnaire + clinical 
examination

��� women � pSS �.��% ��� Cross-sectional
Population survey

Medical record search �,���,��� ��� pSS �.��% ��.� Population based

Medical record search ��,���,��� ���� SS �.����% �.� Cross-sectional
Population survey

Telephone survey + medical 
records

���� �� pSS
� sSS

�.��%
�.��%

���
��

Cross-sectional
Population survey

Medical record search ��,��� NS SS �.��% �� Population based

Medical record search �,���,��� ��� SS �.��% ��.� Population based

Medical record search ��,���,��� ��,��� pSS
��,��� sSS

�.���%
�.���%

��
��

Population based

Medical record search + 
clinical examination

���� � pSS
� sSS

�.��%
�.��%

���
���

Cross-sectional
Population survey

Questionnaire + clinical 
examination

��� �� SS �.��% ���� Population survey

Questionnaire + clinical 
examination

��� � pSS �.��% ���.� Population survey

Questionnaire + clinical 
examination

���� �� pSS �.��% ���.� Population survey

Questionnaire + clinical 
examination

���� � pSS �.���% ���.� Cross-sectional
Population survey

Medical record search ���,��� ��� SS �.���% ��.� Population based

Questionnaire + clinical 
examination

���� � pSS �.��% ���.�� Population survey

�
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Table �.  Overview of included Sjögren’s disease incidence studies.

Author
Publication 

year
Country of 

origin Study period Patients Age (yrs)
Diagnostic criteria 

used

Alamanos et al. ���� Greece ����–���� Mean �� AECG

Chen et al. ���� Taiwan ����–���� Mean ��.� AECG/ACR-EULAR

Conrad et al. ���� UK ����–���� Mean �� ICD ��

Izmirly et al. ���� USA ����–���� Mean �� AECG

Pillemer et al. ���� USA ����–���� Mean �� NS

Plešiv�nik Novljan et al. ���� Slovenia ����–���� Mean ��.� EU ����

See at al. ���� Taiwan ����–���� NS ICD �

Seror et al. ���� France ����–���� NS ICD ��

Weng et al. ���� Lithuania ����–���� Mean �� AECG

Yu et al. ���� Taiwan ����–���� NS ICD �

NS = Not Stated

Sixteen studies reported the prevalence of patients with primary SjD, three studies reported 
separate values for pSjD and SjD associated with another rheumatic disease and eight studies 
reported the prevalence of SjD in general.

The total population of subjects, investigated according to the AECG criteria, comprised 
�,���,��� individuals with a total pooled prevalence of �.���%. The highes t prevalence in a 
study using the AECG diagnostic criteria was �.��% in Turkey (Kabasakal et al., ����). The 
lowest prevalence using the AECG was �.��% in both France (Maldini et al., ����) and the 
USA (Izmirly et al., ����). The total population of indi viduals screened according to the EU 
criteria was ���,��� with a pooled prevalence of �.���%, ranging from �.�� % in Norway 
(Haugen et al., ����) to �.��% in the United Kingdom (Thomas et al., ����). The tot al number 
of subjects in seven studies with the ICD criteria comprised ��,���,��� in dividuals with a 
pooled prevalence of �.���%, varying from �.���% in Italy (Cafaro et al., ����) to � .��% in 
Colombia(Fernández-Ávila et al., ����). The single study from China that used the San Diego 
criteria reported a prevalence of �.��% (Zhang et al., ����).

�.� Incidence ratio of Sjögren’s Disease
Ten studies reported the incidence ratio of SjD (Alamanos et al., ��� �; Chen et al., ����; Conrad 
et al., ����; Izmirly et al., ����; Pillemer et al., ����; Plešiv�nik Novlj an et al., ����; See et 
al., ����; Seror et al., ����; Weng et al., ����; Yu et al., ����) (Table �). Four studies we re 
performed in Asia (Chen et al., ����; See et al., ����; Weng et al., ����; Yu et al., ����) ], four 
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Patient Selection Study Population
Number of SjD 

patients IR (��%CI) / ���,��� Study Design

Medical record search ���,��� ��� pSS �.� (�.�–�.�) Population based

Medical record search ���,��� ���� pSS �.�� (�.��–�.��) Cross-sectional
Population survey

Medical record search ��,���,��� ��,��� SS �.�-��.� (NS) Cross-sectional
Population based

Medical record search �,���,��� ��� pSS �.� (�.��–�.�) Population based

Medical record search ���,��� �� pSS �.� (�.�–�.�) Cross-sectional
Population survey

Medical record search + 
clinical examination

���,��� �� pSS �.� (�.�–��.�) Population based

Medical record search �,���,��� ��� SS ��.� (��.�–��.�) Population based

Medical record search ��,���,��� ��,��� pSS
��,��� sSS

�.�–�.� (NS)
�.�–�.� (NS)

Population based

NHI research database ��,���,��� ���� pSS �.� (�.�–�.�) Cross-sectional
Population survey

Medical record search �,���,��� ��� SS ��.� (�.�–��.�) Population based

in Europe (Alamanos et al., ����; Conrad et al., ����; Plešiv�nik Novljan et al. , ����; Seror et 
al., ����) and two in the USA (Izmirly et al., ����; Pillemer et al., ����). Of the included s tudies, 
three used AECG and one used the EU criteria. Four studies used International Classi�cation 
of Diseases (ICD) codes, one study used a combination of ICD and ACR-EULAR criteria and one 
study did not report the diagnosis criteria used.

�.� Quality assessment
Only � of the �� included studies ful�lled all � relevant criteria of the adjusted Ne wcastle–Ottawa 
quality assessment (Table �). Sixteen studies ful�lled four criteria, while � studies ful�lled 
three criteria and � study only two criteria. The most frequent missing information concerned 
the non-response rate, which was lacking in �� studies, followed by missing information on 
the comparability of cases on the basis of the design or analysis (missing in � studies). The 
case de�nition and the representativeness of the cases were both inadequate in four studies. 
Four other studies did not use the same method of ascertain of cases.

�
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�. DISCUSSION
This study showed considerable variation in the reported prevalence and the incidence of SjD 
between countries. The observed SjD prevalence in the Netherlands falls within the range of 
the worldwide prevalence.

The variation in the results might be related to the di�erent classi�cation criteria used for the 
diagnosis of SjD, as the items of the criteria of the classi�cation systems di�er considerably. 
According to the EU criteria, patients that su�ered from pre-existing lymphoma, acquired immune 
de�ciency disease, sarcoidosis or gra�-versus-host disease have to be excluded (Vitali et al., 
����). In the AECG criteria, these exclusion criteria were extended with t he use of anticholinergic 
drugs, previous head and neck radiation treatment and hepatitis C virus (HCV) infection (Vitali et 
al., ����). Furthermore, according to the AECG criteria, patients should n ot be given anaesthesia 
while performing Schirmer’s test, and the de�nition of ‘histopatholog y’ was slightly stricter 
than in the EU criteria [(Vitali et al., ����). Despite the stricter AECG criteri a, the total pooled 
prevalence of SjD in populations investigated with the ACEG criteria was comparable to the pooled 
prevalence according to the EU criteria (�.���% and �.���%, respectively ). This suggests that 
more stringent diagnostic criteria do not lead to a lower estimated prevalence in the population.

Three studies (Bowman et al., ����; Dafni et al., ����; Kab asakal et al., ����) included only 
female patients. Because SjD mainly a�ects women (female–male ratio: �:�) (Fox, ����), 
one limitation of a population study on female individuals only is that it will result in the 
overestimation of the prevalence of SjD in the general population. Moreover, the included 
studies showed considerable variation in the mean age of the investigated populations, which 
also could have a�ected the prevalence of SjD (Haugen et al., ����). The peak incide nce of SjD 
is at approximately �� years of age (Beydon et al., ����; Mariette & Criswell, �� ��), and the 
median delay between the appearance of the initial symptoms of SjD and the diagnosis is �.� 
years (Kuryata et al., ����). This will result in a higher prevalen ce of SjD in studies where the 
average age of the population is higher than in studies of a younger population. Conversely, 
studies of younger individuals may lead to the underestimation of the prevalence of SjD.

In addition, the dropout of patients in some studies could also have a�ected the reported 
prevalence and incidence ratios. (Anagnostopoulos et al., ����; Thomas e t al., ����; Tomši� et 
al., ����) reported a response rate of �� to ��% on their questionnaires. In contr ast, (Birlik et al., 
����; Haugen et al., ����) reported much higher response rates o f ��% and ��%, respectively. 
The exclusion of the dropouts from the results of the study might introduce the possibility of 
a response bias, as shown in the study by (Bowman et al., ����). Some investigato rs tried to 
correct for the non-response, using assumptions from other similar surveys. (Thomas et al., 
����) assumed that non-responders are likely to be closer to ‘reluctant’ r esponders, similar to 
in a study on low back pain (Papageorgiou et al., ����). (Hauge n et al., ����; Valim et al., ����) 
who performed a study based on an initial questionnaire followed by a clinical examination, 
were confronted with another problem. Some of the patients refused an appointment for a 
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physical examination by a physician, which was necessary to con�rm the diagnosis. Narvaez 
and co-workers, who used an initial screening by telephone, were confronted during two phases 
of their studies with people who did not want to cooperate. Firstly, there were many people 
who did not want to participate in the initial telephone screening. In addition, several people 
who had indicated a diagnosis of SjD or Sicca during the telephone interview refused to have 
that con�rmed by a rheumatologist. The fact that in a proportion of SjD patients the diagnosis 
could not be con�rmed a�ects the reliability of the prevalence reported in t hese studies.

A limitation of the systematic literature study is that only the PubMed scienti�c database was 
searched, and the search was limited to publications in the English language. This may explain 
why the majority of the included studies originated from Europe and the USA. As ethnic and 
geographical di�erences have been reported (Gøransson et al., ����; Tsuboi et al., ����), 
the under-representation of other continents may have a�ected the estimation of the total 
pooled prevalence and incidence.

In our study, to determine the prevalence of SjD in the Netherlands, it can be questioned 
to what extent patients of academic dental clinic centers are representative of the entire 
Dutch population. Considering that SjD patients more o�en su�er from oral health problems 
(Christensen et al., ����), it is possible that these patients  are more frequently referred to 
an academic dental clinic, resulting in the over-representation of SjD patients in our study 
population. Furthermore, SjD patients in the Netherlands are less employed than the general 
Dutch population, and almost half of all SjD patients in the Netherlands receive disability 
bene�ts (Meijer et al., ����). The cost of treatment at university dental clinic s is lower than 
that of treatment in a regular dental practice in the Netherlands. As a result, we cannot exclude 
the possibility that, due to a lower socioeconomic status, SjD patients are more likely to be 
registered in university dental clinics. Also, the available electronic records lacked further 
information regarding the diagnosis of SjD. It is therefore possible that some patients have 
reported to su�er from SjD, without this diagnosis being con�rmed by a rheumatologist. 
Altogether, this means that using data from dental university clinics may have resulted in a 
certain overestimation of the prevalence of SjD in the Netherlands.

�. CONCLUSION
Despite several potential limitations, this review of the relevant scienti�c literature provided an 
insight into the worldwide prevalence of SjD. Although the reported prevalence in the individual 
studies shows a wide variation from �.���% to �.��%, the pooled worldwide preval ence 
of SjD seems to be in the range of �.��% to �.��%, depending on the classi�cation sys tem 
used. The estimate prevalence in the Netherlands di�ered slightly from the pooled worldwide 
prevalence at �.��% to �.��%, which might be related to the po pulation surveyed. Despite this 
relatively low prevalence in the general population, it is essential that healthcare providers 
screen patients for the possible presence of SjD so that patients can receive optimal (oral) 
healthcare for complications resulting from SjD at an early stage of the disease.

�
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ABSTRACT
Background
To analyze the prevalence and location of tooth loss in Sjögren’s Disease (SjD) patients and 
compare them with an age- and gender-matched control group.

Material and methods
Dental charts and x-rays of ��� (SjD) patients were retrieved from an academic dental center 
and special care dentistry department. For each SjD patient, an age- and gender-matched non-
SjD patient was randomly selected. Medication, number of extractions and date and location 
of extractions were assessed. Di�erences between SjD and non-SjD patients were analyzed 
using Mann-Whitney U tests, Chi-square tests and Fisher’s exact tests.

Results
Signi�cantly more SjD patients were edentulous compared to the non-SjD group (��.�% 
versus �.�%, p = �.���). SjD patients had a ��% higher risk to have experienced o ne or more 
extractions than control patients. In the SjD group, there was a non-signi�cant tendency for 
more maxillary teeth to have been extracted than mandibular teeth (��:��) . In the control group, 
the number of extractions in the maxilla and mandible were comparable (��:��). When divided 
into sextants, the number of SjD patients with one or more extractions was signi�cantly higher 
than for non-SjD patients for each sextant (p = �.��� to p = �.���). The largest di�er ence in 
the proportion of patients with one or more extractions between the SjD and non-SjD patients 
occurred in the upper anterior sextant (�.� times more frequent).

Conclusion
SjD patients are more prone to experience dental extractions compared to patients without 
SjD. It could be speculated that this is related to a decreased salivary secretion.

Keywords
Sjögren’s Disease, dentition, edentulism, extractions, dental health
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�. INTRODUCTION
Sjögren’s Disease (SjD) is a progressive autoimmune disorder that causes chronic inflammation 
and irreversible damage to the exocrine glands (Kong et al., ����). The syndrome is classi�ed 
as either primary or secondary SjD (pSjD, sSjD). Secondary SjD is accompanied by other 
autoimmune diseases such as rheumatoid arthritis, systemic sclerosis, antiphospholipid 
syndrome or systemic lupus erythematosus (Ramos-Casals et al., ����). SjD is more prominent 
in women than in men (�:� ratio) (Fox, ����).

The parotid, submandibular and the sublingual glands induce the most salivary secretion 
in the oral cavity. In addition, approximately ��� accessory glands contri bute to the saliva 
flow. In  SjD patients, the salivary secretion is impaired due to glandular destruction. The 
current theory is that a combination of sex hormones, genetic disposition and environmental 
factors are involved in the pathogenesis of SjD (Hansen et al., ����). The initial g landular 
inflammation is triggered by an immune response that subsequently activates T and B cells. 
This immune response leads to an autoantibody activation that causes tissue destruction and 
thereby reduces the salivary secretion. However, it must be noted that the full pathogeneses 
of SjD still remain to be discovered and nowadays no scienti�cally proven therapy exists for 
SjD (Barone & Colafrancesco, ����; Haskett et al., ����).

In SjD patients, the sublingual and submandibular glands are o�en the �rst to be a�ected and 
in most cases degradation of the salivary glands occurs bilaterally (Kageyama et al., ����; 
Mignogna et al., ����). Due to its progressive nature, SjD causes a gradual reduct ion in the 
salivary secretion (Pijpe et al, ����). When the unstimulated saliva secret ion rate falls below �.� 
mL/min, this is usually regarded as hyposalivation (Chaudhury et al., ����). Hypo salivation can 
cause eating and swallowing problems, lack of taste, speech problems, and bacterial or fungal 
inflammations of the oral mucosa (Navazesh et al., ����; Vissink et al., ����) . Furthermore, 
hyposalivation can result in reduced retentiveness of prosthetic appliances and the dry oral 
mucosa can be very sensitive, which makes it di�cult or even impossible for SjD patients to 
wear mucosal supported removable prostheses. Saliva is crucial for the maintenance of the 
oral health as it contains a variety of immunoglobulins and antibacterial proteins that protect 
and lubricate the mouth and throat (Mathews et al, ����). Furthermo re, saliva acts as a bu�er 
and supports the re-mineralization of enamel (Hsu & Dickinson, ����).

Due to the lower salivary pH, reduced bu�er capacity and decreased anti-bacterial potency of 
saliva, patients with SjD have a higher risk of developing dental caries and erosion, in particular 
the cervical, buccal and incisal sides of the teeth are commonly a�ected (Mathews et al, 
����). Furthermore, recent studies have reported that SjD patients mig ht have a higher risk of 
developing periodontal disease. However current literature on the topic remains contradictory 
(Le Gall et al., ����; Lugonja et al., ����; Najera et al., ����; Tseng, ����).

�
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To date there is still little information on the average tooth loss in SjD patients (Baudet-Pommel 
et al., ����). Such information would be bene�cial because it would o�er clinicia ns the 
possibility to predict the location of tooth loss and adjust their treatment plans accordingly. 
Furthermore, such information could contribute to the development of dental protocols for 
SjD patients. Based on clinical experience it can be hypothesized that SjD patients lose their 
teeth faster than non-SjD patients as a consequence of the decreased salivary secretion. 
Therefore, the aim of this study was to evaluate tooth loss in SjD patients and compare this 
to a non-SjD age- and gender-matched control group.

�. MATERIAL AND METHODS
�.� Study design
An, age- and gender-matched, retrospective cohort was used in this study. The study population 
comprised ��� SjD patients and a control group of ��� age and gender matched non- SjD 
patients. All SjD patients included in the study were diagnosed with primary or secondary SjD 
according to the American-European Consensus Group classi�cation Criteria for SjD (Vitali et 
al., ����). The minimum follow up period was � years. All patients with a history o f radiation 
therapy in the head and neck region, HIV, sarcoidosis, lymphoma or gra�-versus-host disease, 
were excluded. This study followed the Declaration of Helsinki on medical protocol and ethics 
and the data was collected in accordance to the guidelines of the Medical Ethical Committee of 
the VU University Medical Center. The Ethics Review Committee of the VU University Amsterdam 
con�rmed that the Medical Research Involving Human Subjects Act (WMO) does not apply to 
this study. The reporting of this study conforms to the STROBE statement (von Elm et al, ����).

�.� Variables
The primary outcome measure was the number and location of tooth extractions. Patient 
age, gender, medication, and date of extractions were assessed. Data collection methods 
Case report forms (CRFs) were designed to collect data in a standardized manner. Three data 
abstractor, with specialized knowledge in the �eld of SjD and the research question (FM, JV, 
AW), abstracted data from all patients records. In order to prevent incorrect transfer of patient 
data from the medical records to the case report forms, random checks were performed prior 
to data entry. This was done according to the ���-�� rule in which ���% of the data is chec ked 
in ��% of the CRF’s and ��% of the most important data was checked in ���% of the CRF’s to 
prevent mistakes in data retrieval (Jansen et al., ����; von Elm et al., ����).

�.� Data analysis
As this was not a prospective but a retrospective case-series study, in which a convenience 
sample comprising all patients from a dental school was described, a sample size analysis was 
not performed. Di�erences between SjD and control patients were analyzed using Mann-Whitney 
U-test, Chi-square tests and Fisher’s exact tests. A signi�cance level (�) of �.�� was chosen. 
Statistical analysis was performed using SPSS, version ��.� (IBM Corp, Armonk, NY, USA).
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�. RESULTS
�.� Patients
The size of the study population was based on the number of patients with SjD who ful�lled the 
aforementioned inclusion criteria. Most of the patients (��%) were fem ale. The average age of 
the patients was ��.� years (range ��.�-��.�). The st udy population consisted of �� patients 
diagnosed with pSjD (��.�%) and �� patients diagnosed with sSjD (��.�%). Whe n comparing 
the age of the pSjD with the sSjD patients, the latter group was signi�cantly older (p = �.���).

The SjD group comprised of patients who had been enrolled at the Academic Center for Dentistry 
Amsterdam (ACTA) or the Center for Special Care Dentistry Amsterdam (Stichting Bijzondere 
Tandheelkunde), for an average of �.� years (range �.�–��.� years). The co ntrol group consisted 
of patients with an average age of ��.� years (range ��.� – ��.�), that had been enrol led at 
ACTA for an average of ��.� years, (range from �.�-��.� years). In the contro l group, also ��% 
of the subjects were female.

�.� Extractions
Patients with SjD had a ��% higher risk of one or more extractions than patients in the control 
group (Table �, Fig. �).

Figure �. Number and location of extraction in the Sjögren’s Disease patients and control subjects.

�
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Table �.  Number of Sjögren’s Disease patients and control subjects with �� extraction(s) distributed 
according to the location

Location Control-group (N=���) Sjogren-group (N=���) Chi�-test P-value

Total �� (��.�%) �� (��.�%) �.���

Maxilla �� (��.�%) �� (��.�%) �.���

��-�� �� (��.�%) �� (��.�%) �.���

��-�� � (�.�%) �� (��.�%) �.���

��-�� �� (��.�%) �� (��.�%) �.���

Mandible �� (��.�%) �� (��.�%) �.���

��-�� �� (�.�%) �� (��.�%) �.���

��-�� � (�.�%) �� (��.�%) �.���

��-�� �� (��.�%) �� (��.�%) �.���

The mean number of extractions were signi�cantly higher in the SjD group (�.�� ± �.�� versus 
�.�� ± �.��) versus the control group. These results were found both in the maxi lla (�.�� ± �.�� 
versus �.�� ± �.��) and the mandible (�.�� ± �.�� versus �.�� ± �.��) (Table �).

Table �.  Average number of extractions of Sjögren’s Disease patients and control subjects, distributed 
according to the location.

Control group Sjögren group

Mann-
Whitney 
U Test

Location Mean Min Max Mean Min Max p-value

Total �.�� �.� ��.� �.�� �.� �.�� �.���

Maxilla �.�� �.� �.� �.�� �.� ��.� �.���

��-�� �.�� �.� �.� �.�� �.� �.� �.���

��-�� �.�� �.� �.� �.�� �.� �.� �.���

��-�� �.�� �.� �.� �.�� �.� �.� �.���

Mandible �.�� �.� �.� �.�� �.� ��.� �.���

��-�� �.�� �.� �.� �.�� �.� �.� �.���

��-�� �.�� �.� �.� �.�� �.� �.� �.���

��-�� �.�� �.� �.� �.�� �.� �.� �.���

Additionally, the number of extractions per sextant was signi�cantly higher in the SjD group 
when compared with the control group (Table �). In the sextant ��-�� the prop ortion of patients 
with at least one extraction (� �) in the SjD group was �.� times higher than in the contr ol 
group, compared with �.�-�.� in the other sextants. When comparing the pSjD wit h the sSjD 
patients, the sSjD patients had signi�cantly more o�en extractions in the anterior maxilla 
sextant ��-�� (p=�.��; chi� test) (Table �).
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Table �.  Number of patients with primary (pSjD) and secondary Sjögren’s Disease (sSjD) with �� extraction(s) 
distributed according to the location.

Location Primary Sjogren (N=��) Secondary Sjogren (N=��) Chi�-test P-value

��-�� �� (��.�%) �� (��.�%) �.���

��-�� � (��.�%) �� (��.�%) �.���

��-�� �� (��.�%) �� (��.�%) �.���

��-�� �� (��.�%) �� (��.�%) �.���

��-�� � (��.�%) � (��.�%) �.���

��-�� �� (��.�%) �� (��.�%) �.���

In the SjD group, there was a non-signi�cant tendency for more maxillary teeth to have been 
extracted than mandibular teeth (��:��). In the control group, the number o f extractions in 
the maxilla and mandible were comparable (��:��).

Signi�cantly more patients in the SjD group (pSjD + sSjD) (��.�%) were edentulous compared 
to the control group (�.�%), (p = �.���).

�.� Medication
In total ��.�% (n=��) of the patients in the SjD group su�ered from systemic disor ders such 
as rheumatic diseases. In the control group hypertension was the most common systemic 
disorder (��.�%), followed by cardiovascular disease (��.�%) and hyper cholesterolemia 
(��.�%). Medication was prescribed more frequently in the SjD  group than in the control 
group (Table �). SjD patients frequently used prescription medication for cardiovascular, 
anti-inflammatory, gastrointestinal disorders and antidepressants. Patients diagnosed with 
SjD more frequently used anti-inflammatory drugs (p < �.���); antidepr essants (p < �.���); 
diuretics (p = �.���), thyroid medication (p = �.��) or drugs that can induce a dr y mouth than 
non-SjD patients (Table �).

Table �.  Medication use of Sjögren’s Disease patients and control subjects.

Medication
Control-group 

(N=���)
Sjogren-group 

(N=���)
Fisher Exact test

p- value

Cardiovascular medications (*) �� (��.�%) �� (��.�%) �.���

Anti-inflammatory drugs (*) � (�.�%) �� (��.�%) �.���

Rheumatic medication � (�.�%) �� (��.�%) �.���

Stomach Medication � (�.�%) �� (��.�%) �.���

Antidepressants (*) - �� (��.�%) �.���

Diuretics (*) � (�.�%) � (�.�%) �.���

Thyroid medication (*) � (�.�%) � (�.�%) �.���

[continued on next page]

�
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Table �. [continued]

Medication
Control-group 

(N=���)
Sjogren-group 

(N=���)
Fisher Exact test

p- value

Bisphosphonates (*) � (�.�%) � (�.�%) �.���

Dietary Supplements (*) � (�.�%) � (�.�%) �.���

Analgetics - � (�.�%) �.���

Anticonvulsants - � (�.�%) �.���

Antidiabetics (*) � (�.�%) � (�.�%) �.���

Respiratory medication (*) � (�.�%) � (�.�%) �.���

Antihistamines (*) � (�.�%) � (�.�%) �.���

(*) - Xerogenic medication with side e�ects or other negative side e�ects on the teeth.

�. DISCUSSION
This study demonstrated that SjD patients are more prone to tooth loss than individuals not 
diagnosed with Sjögren’s Disease. In addition, the results of this study shows that extractions 
are more prone in some area’s then in others with the highest number of extractions in the 
anterior maxilla. These results are in good agreement with a previous study on the prevalence 
of dental caries amongst SjD patients(Baudet-Pommel et al., ����) . The same study reported 
that ��% of all study patients with SjD were edentulous before the age of ��, compared to 
��% in the control group. Another study reported that the number of missing or restored teeth 
was signi�cantly higher in patients with SjD than in a control group (Christensen et al., ����). 
The SjD patients in our study were also more prone to lose their teeth over a shorter period 
of time than the control group.

The earlier tooth loss observed in the SjD group could be related to reduced salivary secretion. 
In this context, a previous study on the e�ects of radiotherapy in the head and neck region 
demonstrated that reduced salivary secretion commonly results in an increased susceptibility to 
caries (Walker et al., ����). Saliva promotes the remineralization of teeth and sal ivary proteins 
protect the enamel surface against erosion and caries. Furthermore, saliva has a bu�ering 
function, and contains enzymes and peptides with antibacterial e�ects. In patients with SjD, 
the salivary secretion is not only reduced but the protein concentration and glycosylation are 
also altered (Chaudhury et al., ����; Levine, ����). This subsequen tly influences the protective 
characteristics of saliva, and its ability to protect and maintain oral health (Albrecht et al., 
����). Multiple studies have reported that mucins are especially vital for binding lub ricants 
to oral surfaces (Castro et al., ����; Chaudhury et al., ����; Nieuw Amerongen & Veerm an, 
����). This not only prevents a sense of dry mouth (xerostomia ), but also inhibits bacteria 
from binding to oral surfaces. Moreover, patients su�ering from SjD have a reduced mucin 
concentration or functionally impaired mucins, which makes it easier for bacteria to attach to 
the oral surfaces and cause caries and infections. This might provide an explanation for the 
increased dental caries and early tooth loss in SjD patients (Castro et al., ����; Chaudhury et 
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al., ����; Nieuw Amerongen & Veerman, ����). Unfortunately, in this st udy salivary secretion 
and composition were not available.

The enhanced tooth loss observed in the SjD patients could have resulted from periodontal 
problems. Previous studies reported conflicting results concerning the risk of periodontal 
disease in SjD patients. A study focusing on plaque, bleeding and calculus indexes, as well as 
probing depth and attachment levels, reported no statistical di�erences between SjD patients 
and control patients (Tseng, ����). A similar study reported that SjD patients ha d higher plaque 
index scores, higher decayed/missing/�lled surface scores, increased alveolar bone loss, deeper 
clinical attachment levels, and increased pockets. It was concluded that the risk of acquiring 
adult periodontitis was �.� times higher in SjD patients than controls (Naje ra et al., ����). A 
more recent study that focused on the prospective evaluation of dental and periodontal status 
in patients with suspected SjD reported that SjD patients had a signi�cantly higher plaque 
index and bleeding on probing. However, there was no signi�cant di�erence in the probing 
depths between SjD patients and control patients (Le Gall et al., ����). Taken tog ether, this 
indicates that there is still no conclusive evidence that SjD enhances periodontal disease.

In addition to SjD, certain classes of drugs can induce hypo-salivation by targeting 
neurotransmitters and receptors. Drugs that inhibit neurotransmitter binding to acinar membrane 
receptors or that interfere with ion transport pathways may negatively a�ect the quantity as 
well as the quality of saliva (Sreebny & Schwartz, ����). Many of the drugs used by t he SjD 
patients and the control subjects in the present study may have had such an e�ect (Table �). 
In the SjD group, signi�cantly more xerogenic drugs were used than in the control group. This 
might have further reduced the salivary secretion rate in the SjD patient group.

Signi�cant more teeth were lost in the anterior maxilla of the sSjD group compared to the 
anterior maxilla of the pSjD group. This could be explained by the fact that the patients in 
the sSjD group where signi�cantly older than the pSjD group. These results are similar to 
a study that reported tooth loss and edentulism increase with age (Müller et al., ����). A 
second explanation could be that sSjD is o�en associated with rheumatoid arthritis, which 
may negatively a�ect the oral health of these patients. In this context, a study reported that 
patients with rheumatoid arthritis have impaired mobility of the shoulders and wrists, which 
may subsequently a�ect oral care (Häkkinen et al., ����). Both age and impaire d oral health 
could potentially contribute to the premature loss of teeth in patients with secondary SjD.

Noticeable is the similarity of the observed di�erence of the enhanced tooth loss in the anterior 
maxilla when both the SjD groups are compared to the control patients. Several studies 
have found not only the lowest �lm velocities and bio�lm in this region but also th e lowest 
stimulated amylase in the anterior regions (Dawes & Macpherson, ����; Sas & Daw es, ����; 
Staun Larsen et al., ����). It could be hypothesized that if the anterior region o f the maxilla 
is already the least lubricated region in normal patients, that this area is also the �rst to be 
a�ected when salivary secretion decreases.

�
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A potential limitation of the present study is that the included patients were treated in specialized 
dental centers to which patients are referred to for the treatment of more severe and/or oral 
problems. As a result, it could be hypothesized that the average number of extractions in our 
SjD group is higher than the number of extractions in the average Sjögren patient. Another 
limitation is that most patient records lacked information on whether preventive oral care 
was provided, disease duration and salivary secretion rates. This useful information was 
unfortunately not available, and could not be measured due to the retrospective nature of 
our study.

�. CONCLUSION
In conclusion, the present study demonstrated that extractions are more frequent in SjD patients 
compared with non-SjD patients. In addition, the results of this study shows that extractions 
are more prone in some area’s then in others with the highest number of extractions in the 
anterior maxilla. Data collected in this study could contribute to the development of protocols 
for SjD patients regarding oral hygiene as well as prosthodontic and implant treatments.
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ABSTRACT
Objective
Sjögren’s Disease (SjD) is an autoimmune disorder causing irreversible damage to the exocrine 
glands. Evidence whether SjD patients are at a higher risk to develop periodontal disease is 
conflicting. Therefore, we systematically reviewed the literature on the prevalence of periodontal 
disease in patients with SjD.

Methods
Searches were performed in MEDLINE and CENTRAL databases on prevalence of periodontal 
diseases in SjD. Meta-analyses were performed for gingival index (GI), plaque index (PI), 
probing pocket depth (PPD), clinical attachment level (CAL), DMFT and DMFS (Decayed Missing 
Filled Teeth, respectively, Surfaces).

Results
Out of ��� studies, �� studies were eligible for quantitative synthesis. Meta -analyses of the 
data indicated that in SjD patients CAL, GI, PPD and PI are comparable to controls. DMFT and 
DMFS values were higher in SjD patients than controls.

Conclusion
No signi�cant di�erences in the GI, PI, CAL, and PPD were observed in patients with SjD 
compared to controls. These results indicate that there is no evidence of a higher risk for 
periodontal disease in patients with SjD, while SjD patients are more susceptible to caries 
compared to non-SjD patients.

Keywords
Sjögren’s Disease, periodontal disease, periodontitis, dental caries
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�. INTRODUCTION
Sjögren’s Disease (SjD) is an autoimmune disorder causing chronic inflammation and irreversible 
damage of the exocrine glands. SjD is characterized by mononuclear in�ltrates and IgG-
producing plasma cells in the salivary and lacrimal glands. This in�ltration leads to irreversible 
destruction of glandular tissue with a subsequent decrease in saliva secretion rate (Daniels & 
Fox, ����; Fox, ����; Mariette & Criswell, ����) Because of this hyposaliva tion, patients with 
SjD su�er from a sensation of oral dryness (xerostomia) and its related complaints (eating and 
swallowing problems, lack of taste, speech problems), and are prone to developing progressive 
dental decay and inflammation of the oral mucosa (Vissink et al., ����). In creased incidences 
of dental caries in patients with SjD have been reported, which ultimately may lead to loss of 
teeth (Almståhl et al., ����; Daniels & Fox, ����; Mathews et al, ����; Pedersen et al. , ����).

In addition to dental caries, periodontal disease can also result in tooth loss (Linden et al., 
����). Periodontitis is a chronic bacterial infection that stimulates a host in flammatory 
response, leading to periodontal tissue damage that involves progressive loss of the tooth-
supporting tissues such as periodontal ligament and bone. The etiology of periodontal disease 
is a combination of bacterial, genetic, and lifestyle factors and the presence of other systemic 
diseases such as diabetes (Linden et al., ����).  Periodontal disease has also been linked to 
rheumatoid arthritis as periodontal disease and rheumatoid arthritis share etiological factors 
(De Smit et al., ����).

An imbalance between commensal microorganisms, the hosts’ defense and oral hygiene could 
result in accumulation of bacteria on the tooth and gingival surface, causing inflammation 
of the gingiva. The early stage of inflammation, known as gingivitis, is characterized by an 
inflamed aspect of the gingiva (swelling and redness) and bleeding on probing. More advanced 
periodontal inflammation is known as periodontitis, which is clinically characterized by 
enhanced pocket-probing depths, attachment loss, and vertical and angular bone defects 
(Sanz et al., ����).

Previous research has been unable to show conclusive scienti�c evidence regarding whether 
patients with SjD are more prone to display signs of periodontal disease than non-SjD patients. 
Some studies have suggested that SjD patients may be at a higher risk of developing periodontal 
problems because of more gingival inflammation (Celenligil et al., ����; Ergu n et al., ����; 
Najera et al., ����).

In a recent review and meta-analysis, (de Goés Soares et al., ����) did not provide strong evidence 
that periodontal status is a�ected by SjD. Unfortunately, that study did not include a comprehensive 
meta-analysis of all the available data. Therefore, we performed a systematic review of the 
literature in which we requested missing information from the corresponding authors to properly 
use all the knowledge available from the research performed in clinical settings until ����.

�
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The objective of our study was to assess, through a systematic review of the literature and 
thorough analysis of the underlying data, the risk of periodontal disease in SjD versus non-
SjD patients.

�. MATERIALS AND METHODS
This study was conducted in accordance with the guidelines of Transparent Reporting of 
Systematic Reviews and Meta-analyses (PRISMA-statement) (Moher et al., ����). The protocol 
for this systematic review was registered on PROSPERO (ID CRD�����������) and is available 
on: https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=������.

�.� Type of studies
For this research, cohort studies, case series, case-control studies, cross-sectional studies 
and clinical trials were considered for evaluation. Case series with <�� patients were not 
considered for inclusion. Reviews and animal studies were excluded. Language was restricted 
to English and Dutch.

�.� Type of participants
The selected studies included a group of adult patients with SjD and a non-SjD control group

�.� Types of outcome measures
The plaque index (PI; i.e., a measurement of the state of oral hygiene based on recording both 
so� debris and mineralized deposits on teeth number ��, ��, ��, ��, ��, and ��, gingival 
index (GI; i.e., measure for the assessment of the gingival condition and records qualitative 
changes in the gingiva. GI scores the marginal and interproximal tissues separately on the 
basis of � to �. The criteria are: �  = Normal gingiva; � = Mild inflammation – slight change in 
colour and slight oedema, but no bleeding on probing; � = Moderate inflammation – redness, 
oedema and glazing, bleeding on probing; � = Severe inflammation – marked redness and 
oedema, ulceration with tendency to spontaneous bleeding. The bleeding is assessed by 
probing gently along the wall of so� tissue of the gingival sulcus. The GI of an individual can 
be obtained by adding the values of each tooth and dividing by the number of teeth examined), 
pocket-probing depth (PPD; i.e., measurement of the depth of a sulcus or periodontal pocket 
determined by measuring distance from the gingival margin to the base of the sulcus or 
pocket using a periodontal probe), and clinical attachment loss (CAL; i.e., a measurement of 
the position of the gingival margin in relation to the cemento-enamel junction (CEJ) that is a 
�xed point that does not change throughout life. Two measurements are used to calculate the 
CAL: the probing depth and the distance from the gingival margin to the CEJ measured using 
a periodontal probe. These measurements combined result in the CAL and is directly linked 
to periodontal disease. In addition, DMFT (Decayed Missing Filled Teeth) and DMFS (Decayed 
Missing Filled Surfaces) were assessed. DMFT and DMFS give additional information on the 
general state of the dentition in patients. DMFT and DMFS are means to numerically express 
the caries prevalence and are obtained by calculating the number of Decayed (D), Missing (M) 
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Filled (F) Teeth (T) or Surfaces (S). It is an estimation to what extend the dentition until the 
day of examination has become a�ected by dental caries.

�.� Search strategy, screening, and selection
A literature search was conducted through the MEDLINE-PubMed, CENTRAL, EMBASE, Science 
Direct database, and Google Scholar. A search with the term Sjögren’s Disease in combination 
with the terms periodontitis, periodontal disease, gingival index, plaque index, probing depth, 
and clinical attachment loss was conducted for studies in English up to July ����: (“S jögren’s 
syndrome”[MeSH Terms] OR (“Sjögren’s”[All Fields] AND “syndrome”[All Fields]) OR “Sjögren’s 
syndrome”[All Fields]) AND periodontal[All Fields]) OR (“periodontal index”[MeSH Terms] 
OR (“periodontal”[All Fields] AND “index”[All Fields]) OR “periodontal index”[All Fields] OR 
(“gingival”[All Fields] AND “index”[All Fields]) OR “gingival index”[All Fields])) OR (“dental 
plaque index”[MeSH Terms] OR (“dental”[All Fields] AND “plaque”[All Fields] AND “index”[All 
Fields]) OR “dental plaque index”[All Fields] OR (“plaque”[All Fields] AND “index”[All Fields]) 
OR “plaque index”[All Fields])) OR (probing[All Fields] AND pocket[All Fields] AND depth[All 
Fields])) OR (clinical[All Fields] AND attachment[All Fields] AND loss[All Fields]).

Subsequently, references of included studies were also searched for additional relevant 
publications. Titles, as well as the abstracts were screened by two independent reviewers 
[SA and FM]. If eligible aspects were present in the title or abstract, full-text articles were 
obtained when possible. Both examiners performed analysis of the text for the additional 
selection. Papers that ful�lled all inclusion and selection criteria were further processed for 
data extraction. In case of disagreement between the two reviewers, a third observer (HB) 
made the decision regarding inclusion/exclusion.

�.� Assessment of heterogeneity
The heterogeneity amongst studies was determined with regard to the study design, subject 
characteristics, screening method and clinical indices.

�.� Quality assessment
Evaluation of the methodological quality was performed with the Newcastle-Ottawa Quality 
Assessment Scale for case-control studies as recommended by the Cochrane Handbook 
for Systematic Reviews of Interventions (Higgins & Green, ����). A quality assessment tool 
based on this scale was used to determine the value of the case-control studies. Criteria were 
designed for domain selection, comparability and exposure. Selection was assessed by the 
case de�nition being adequate and independently validated. The representativeness of the 
cases was considered alongside the selection and de�nition of the control group (e.g., presence 
of potential selection biases or consecutive representative series of cases). Comparability 
of cases and controls on the basis of the design or analysis were included. Ascertainment of 
exposure, usage of the same method of ascertainment for cases and controls, as well as the 
degree of non-response rate were evaluated (Wells et al, ����).

�
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Both observers generated a score for the included articles, expressed in points based on the 
above-mentioned criteria. In case of disagreement, a third observer (HB) made the decision 
regarding the score.

�.� Data extraction
Two review authors (SA and FM) extracted data independently with help of data extraction 
forms and outcome data was summarized into Review Manager (RevMan �.�). Details of the 
study such as the authors, year of publication, number of patients with SjD, number of controls, 
disease duration; smoking habits, GI, PI, CAL, average PPD, and DMFT and/or DMFS were 
extracted for each study and documented in a data sheet. In case of missing or incomplete data, 
the corresponding author was contacted to provide this information. In four cases, additional 
data were provided by the authors (Boutsi et al., ����; Pedersen et al., ����, ���� , ����); 
in one case, the author reported that the data were no longer available(Schiødt et al., ����); 
and in two cases, the authors were unresponsive (Celenligil et al., ����; Le Gall et al., ����).

�.� Statistical analysis
All included studies reported one or more of the following parameters: PI, GI, PPD, CAL, DMFT, 
or DMFS. A meta-analysis was performed, and the di�erences in the means were calculated 
using the statistical so�ware package Review Manager �.� with a “�xed e�ects ” model for 
CAL, DMFT, and DMFS and a “random” model for PI, GI, and PPD. Data were summarized and 
presented in a descriptive manner.

�. RESULTS
�.� Search and selection results
The search resulted in a total of ���� publications. Subsequently, �ve add itional publications 
were retrieved from the reference lists of the included studies. A�er scanning the titles and 
abstracts and eliminating duplicated articles, ��� studies were selected fo r abstract evaluation. 
A�er further selection, �� full-text studies were assessed and screened f or eligibility. Twenty-
one articles were excluded based on the eligibility criteria. One study initially did not meet the 
quality criteria for this review but a�er additional data from the authors the study could be 
included (A. M. Pedersen et al., ����). Finally, ten articles ful�lled the inclu sion criteria and 
were assessed methodologically for heterogeneity, data extraction, quality, and additional 
analyses (Figure �, Tables � and �)  (Antoniazzi et al., ����; Ergun et al., ����; Kuru et al., 
����; Le Gall et al., ����; Márton et al., ����; Najera et al., ����; Pedersen et al., ��� �, 
����, ����; Tseng, ����)

�.� Assessment of heterogeneity
Considerable heterogeneity was observed in all studies regarding the study design, subject 
characteristics, method of screening, and the clinical indices. Information regarding the type 
of study, location where the study was conducted, study population, and the criteria used 
are presented in Tables � and �.

179852_Maarse_BNW-def.indd   58179852_Maarse_BNW-def.indd   58 06-11-2025   09:2806-11-2025   09:28



59

Sjögren’s Disease is not a risk factor for periodontal disease: a systematic review

�.� Study design and subject characteristics
All ten studies used a cross-sectional design. In all studies, a group of SjD patients enrolled in 
the research clinic was included. In total ��� patients were in cluded in the SjD group and ��� 
in the control group. The controls were subjects without SjD selected at the same clinics and 
matched with regard to age and sex (table �). In one study the control group was comprised 
of patients with subjective sicca complaints but without Sjögren’s Disease (Le Gall et al., 
����) and in one study the control group was comprised of oral lichen planus patient s without 
hyposalivation or sicca complaints (Pedersen et al., ����). From the SjD patie nts, ��� were 
primary Sjögren’s Disease (pSjD) patients and �� were secondary Sjögren’s Disease (sSjD) 
patients. Two studies (�� patients) were unclear about whether the patients were primary 
or secondary SjD patients (Márton et al., ����). The mean disea se duration (i.e. time from 
established diagnosis to examination) was provided in seven of the ten included studies and 
was �.� years (Antoniazzi et al., ����; Isidor et al., ����; Kuru et al., ����; L e Gall et al., ����; 
Márton et al., ����; Najera et al., ����; Pedersen et al., ����).

Smoking habits were reported in seven of the ten included studies (Antoniazzi et al., ����; Le 
Gall et al., ����; Márton et al., ����; Najera et al., ����; Pedersen et al. , ����, ����, ����). 
Overall, in the SjD group �� patients and in the control group �� patients were smo king.

Di�erent criteria were used to establish the diagnosis ‘Sjögren’s Disease’. In �ve studies 
(Antoniazzi et al., ����; Kuru et al., ����; Najera et al., ����; Pedersen et al., �� ��, ����) 
the European Classi�cation criteria for Sjögren’s Disease were used (Pedersen et al., ����), 
in three studies (Le Gall et al., ����; Márton et al., ����; Pedersen et al., ����) the Amer ican-
European Consensus Group (AECG) criteria were used (Vitali et al., ����), and in two studies 
this was not clearly reported (Ergun et al., ����; Tseng, ����).

In each study, a single examiner performed periodontal and oral examination of all subjects. 
Blinding of this investigator with regard to subjects (SjD or controls) was unclear in all studies. 
Subjects who were already under periodontal treatment were excluded in all studies.

�
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Table �. Characteristics of the included studies.

No. Authors
(Year) Study design Location

No. of 
subjects

Mean age 
(years)

Antoniazzi et al.
(����)

Cross-sectional Private
Clinic and department of Rheumatology, 
Independência Hospital, Porto Alegre, Brazil

pSS ��
sSS �
CG ��

pSS ��.�
sSS ��.�
CG ��.�

Ergun et al
(����)

Cross-sectional Department of
Rheumatology, Istanbul
University, Istanbul, Turkey

pSS ��
sSS ��
CG ��

SS ��.��
CG ��.��

Kuru et al.
(����)

Cross-sectional Department of oral medicine Eastman dental 
institute, University College London, London, 
United Kingdom

pSS �
sSS ��
CG ��

pSS ��.�
sSS ��.�
CG ��.�

Le Gall et al (����) Cross-sectional Department of Rheumatology, CHRU de Brest, 
Brest, France

pSS ��
CG ��

pSS ��.�
CG ��.�

Márton K. Et al
(����)

Cross-sectional �rd Department
of Internal Medicine, University of Debrecen, 
Hungary

pSS ��
CG ��

pSS ��
CG ��

Najera et al
(����)

Cross-sectional Salivary Dysfunction Clinic, Baylor College
of Dentistry, Dallas, TX, USA

pSS ��
sSS �
CG ��

pSS + sSS 
��.��

CG ��.��

Pedersen et al 
(����)

Cross-sectional School of Dentistry, University of Copenhagen,
and the Dental Department, Rigshospitalet, 
Copenhagen, Denmark

pSS��
CG ��

pSS ��.�
CG ��

Pedersen et al 
(����)

Cross-sectional Copenhagen Gerodontological Oral Health 
Research Center,
School of Dentistry, University of Copenhagen, 
Denmark

pSS: ��
CG: ��

pSS: ��.�
CG: ��.�

Pedersen et al 
(����)

Cross-sectional School of Dentistry, University of
Copenhagen, Denmark

pSS ��
CG ��

pSS ��
CG ��

Tseng (����) Cross-sectional Department
of Oral Diagnosis, School of Dentistry, 
University of Minnesota, Minneapolis, MN, 
USA

SS ��
CG ��

SS ��.�
CG ��.�

SS: Sjögren’s Syndrome
pSS: primary Sjögren’s Syndrome
sSS: secondary Sjögren’s Syndrome
CG: control group
AECG: American European Consensus Group
N.s.: not speci�ed

179852_Maarse_BNW-def.indd   60179852_Maarse_BNW-def.indd   60 06-11-2025   09:2806-11-2025   09:28



61

Sjögren’s Disease is not a risk factor for periodontal disease: a systematic review

Groups
SS classi�cation 
criteria Authors’ conclusion

Subjects: s: one primary 
SS group, one secondary 
SS group
Controls: healthy

European 
classi�cation criteria 
for SS

SS seemed to negatively a�ect the periodontal condition, because 
gingival inflammation was more evident in the individuals with 
SS, particularly those with secondary SS

Subjects: mixed primary 
and secondary SS
Controls: healthy

N.s. SS patients may carry a higher risk of having periodontitis; 
however, they do su�er signi�cantly more o�en from oral 
manifestations such as angular cheilitis and candida infestations 
than non-SS patients.

Subjects: one primary SS 
group, one secondary SS 
group
Controls: healthy

European 
classi�cation criteria 
for SS

No signi�cant di�erences in the sub-gingival plaque sample s 
from control, primary, or secondary SS patients for the peptidase 
activity test, frequency, or type of periodontal micro-organisms 
were observed

Subjects: primary SS
Controls: subjective sicca 
complaints

AECG Results suggests that patients with SS have more severe 
periodontal conditions than non-SS patients

Subjects: primary SS
Controls: healthy

AECG No di�erences were observed in the severity of periodontal 
disease between patients and controls

Subjects: mixed primary 
and secondary SS
Controls: healthy

European 
classi�cation criteria 
for SS

Although no signi�cant di�erence was found in the number of 
cases of “established periodontitis” between the SS and controls, 
odd ratio analysis suggests that patients with SS have a �.�-times 
higher risk of having adult periodontitis than healthy controls

Subjects: primary SS
Controls: healthy

European 
classi�cation criteria 
for SS

PI, GI, and PPD did not di�er signi�cantly

Subjects: primary SS
Controls: Oral lichen 
planus patients

European 
classi�cation criteria 
for SS and the 
Cophenhagen criteria

The pSS patients had more systemic diseases, medication intake, 
oral dryness, poorer general health and lower salivary secretion 
than the OLP patients, who had the highest plaque index (PI).

Subjects: primary SS
Controls: healthy

European 
classi�cation criteria 
for SS and the 
Cophenhagen criteria

The SS patients were characterized by having lower salivary flow 
rates, better oral hygiene habits, slightly higher gingival scores, 
but similar plaque scores compared to other groups. Regarding 
the other periodontal measures, the presence of periodontal 
disease is not substantially increased in pSS

Subjects: SS (not de�ned)
Controls: healthy

N.s. No signi�cant di�erences were found for GI, PI, BI, PPD, and CAL

�
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�.� Clinical parameters and meta-analyses
Eight studies reported the GI, and four them reported a signi�cant di�erence between the SjD 
and control group, while the other four reported no di�erence. A meta-analysis comprising ��� 
SjD patients and ��� controls showed no signi�cant di�erence in the GI (mean di�e rence: �.��; 
��%CI: -�.�� – �.��; p=�.��; Figure � panel A). PI was reported by eight studies, o f which �ve 
showed a signi�cant di�erence. The meta-analysis including ��� SjD patien ts and ��� controls 
did not show a signi�cant di�erence in PI (mean di�erence: �.��; ��%CI:-�.��– �.��; p=�.��; 
Figure � panel B). Four of the ten studies reported CAL, of which two reported a signi�cant 
di�erence. A meta-analysis comprising �� SjD patients and �� controls showe d no signi�cant 
di�erence with respect to CAL (mean di�erence: �.��; ��%CI:-�.��–�.��; p =�.��) (Figure � 
panel C). All ten studies reported data for PPD, only two reported a statistically signi�cant 
di�erence. Also, no signi�cant di�erence was found for PPD in the meta-analysis (��� SjD 
patients, ��� controls; mean di�erence: �.��; ��%CI:-�.��–�.��; p= �.��) (Figure � panel D). 
Three studies reported a DMFT index and two reported a DMFS index. All of them reported 
a signi�cant di�erence between SjD and control patients. This corresponds with the meta-
analysis that found a signi�cant di�erence for DMFT (mean di�erence: �.��; ��%CI:�.��–�.��, 
p=�.����) (Figure � panel E). Unfortunately, DMFS was reported only � stu dies therefore a 
meta-analyses was not possible.

�.� Primary versus secondary Sjögren’s Disease
Most studies did not distinguish between pSjD and sSjD. Three studies included only pSjD 
patients (Pedersen et al., ����, ����, ����) and two studies compared both group s (Antoniazzi 
et al., ����; Kuru et al., ����). One of the latter studies reported signi�can tly higher pocket 
depths and clinical attachment loss in sSjD patients compared to pSjD patients (Antoniazzi 
et al., ����), while the other study found non-signi�cant increases of the se parameters in 
sSjD patients (Kuru et al., ����) (Table �).

�
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Figure �.  Forest plots of A) gingival index; B) plaque index; C) clinical attachment loss; D) probing pocket 
depth; E) DMTF.

Table �.  Gingival index (GI), plaque index (PI) Probing pocket depth (PPD) and clinical attachment loss 
(CAL) of studies presenting data on patients with primary and/or secondary Sjögren’s Disease

Parameter Study

pSjD sSjD

p-valueMean SD N Mean SD N

GI Antoniazzi �.�� �.�� �� �.�� �.�� � �.���

Kuru �.�� �.�� � �.�� �.�� �� �.���

Pedersen ���� �.�� �.�� ��

Pedersen ���� �.�� �.�� ��

Pedersen ���� �.�� �.�� ��

PI Antoniazzi �.�� �.�� �� �.�� �.�� � �.���

Kuru �.��` �.�� � �.�� �.�� �� �.���

Pedersen ���� �.�� �.�� ��

Pedersen ���� �.�� �.� ��

Pedersen ���� �.�� �.�� ��

PPD Antoniazzi �.�� ��� �� �.�� �.�� � �.���

Kuru �.�� �.�� � �.�� �.�� �� �.���

Pedersen ���� �.�� �.�� ��

Pedersen ���� �.�� �.�� ��

Pedersen ���� �.�� �.�� ��

CAL Antoniazzi �.�� �.�� �� �.�� �.�� � �.���

Kuru �.�� �.�� � �.�� �.�� �� �.����

�. DISCUSSION
This systemic review assessed whether patients with SjD are more prone to develop symptoms of 
periodontal disease. Several studies concluded that there was no increased risk of periodontal 
disease in patients with SjD compared to controls (Kuru et al., ����; Márton et al., �� ��; 
Pedersen et al., ����, ����, ����; Tseng, ����), whereas in other studies rep orted that the 
risk on developing periodontal disease was increased in SjD patients (Antoniazzi et al., ����; 
Celenligil et al., ����; Le Gall et al., ����; Najera et al., ����). The meta-analyses c onducted 
in our study showed that all the outcome measures were higher in the SjD group compared to 
the non-SjD group but these di�erences were not signi�cant except for DMFT.

Salivary secretion in SjD patients as well as the related self-clearance of the oral cavity is 
reduced in SjD patients. As a result, debris will more easily collect and remain on the tooth 
surfaces in SjD subjects than in non-SjD controls. This is reflected by the slightly higher 
gingival health indices and pocket-probing depth values in the SjD patients than in their 

�
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matched controls. As a result, in SjD patients, the marginal tissue could be more prone to 
continuous inflammatory insults. This will probably have resulted in slightly more gingival 
swelling, bleeding and increased pocket-probing depths in SjD patients, although not clinically 
relevant and none of the measured parameters was signi�cantly higher.

Three of the ten included studies also investigated the di�erence in DMFT score and evidence 
was found that SjD patients are more susceptible to caries than non-SjD patients. A change 
in DMFT describes the dental caries experience from childhood until the day of examination 
and gives an indication of future dental health. As we have shown in a previous study the 
high incidence of caries in SjD patients results in a higher loss of teeth compared to a non-
SjD control group (Maarse et al., ����). The rapid caries process resulting in an early loss of 
teeth could be an additional explanation for the comparable risk for developing periodontal 
disease between both groups. Patients in the SjD-group lose their teeth due to a rapid onset 
of caries before they can develop periodontal disease. This is also found in patients with 
hyposalivation due to radiotherapy (Vissink et al., ����). Fu rthermore, in a study using an 
in vivo model in which onset, progression, and prevention of hyposalivation-related dental 
caries could be studied, it was found that severe demineralization of enamel occurred within 
� weeks in hyposalivation patients (Jansma et al., ����).

O�en dental implants are used to replace missing teeth in these patients. Fortunately, a 
previous study showed comparable results for dental implants with regard to periodontal 
health, as we have found for natural teeth in the current study (Korfage et al., ����) . In that 
study it was found that SjD patients seemed to have more signs of peri-implant so� tissue 
infection but comparable pocket-probing depths compared to healthy controls.

Therefore, dental implants are a viable treatment option for replacing teeth lost due to caries 
in SjD patients.

All of the included studies used a combination of several periodontal parameters. For the 
best possible evaluation of periodontal health, bone and attachment loss around teeth 
should be assessed by combining measurement of bone loss on standardized intraoral dental 
radiographs together with the periodontal parameters used in the included studies. (Brown et 
al., ����; Lang et al., ����). Unfortunately, none of the included studies us ed a combination 
of periodontal parameters and radiographic analysis, which limits our conclusions. Also, the 
inflammatory burden of existing disease was not scored, which can now be done with the 
Periodontal Inflamed Surface Area score (PISA) (Nesse et al., ����).

Smoking habits were reported in seven of the ten included studies (Antoniazzi et al., ����; 
Le Gall et al., ����; Márton et al., ����; Najera et al., ����; Pedersen et al., ����, ��� �, 
����) whereas the other studies did not specify whether the SjD or control grou p comprised 
patients with current tobacco use. Overall, �� SjD patients and �� control s were smoking. It 
is known that frequent use of tobacco is associated with a higher risk of periodontal disease 
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(Ismail et al., ����; Lang et al., ����). However, the impact of smoking on our m eta-analyses 
is considered limited, given the fact that the numbers of subjects that use tobacco were low 
and comparable in the studies included in the present review.

Another known risk factor for periodontal disease is rheumatoid arthritis (RA) (de Pablo et al., 
����). An autoimmune disease, such as RA, accompanies the seconda ry form of SjD. Although 
the literature in this regard is inconsistent, about �–��% of the SjD patients al so have RA 
(Ramos-Casals et al., ����). Studies report that periodontal disease is approxim ately twice 
as common and more severe in patients with RA. In addition, it is suggested that there is a 
dose-response pattern in the association between the severity of periodontitis and RA disease 
activity (Berthelot & Le Go�, ����; De Smit et al., ����). A recent study reporte d signi�cantly 
higher PPD, CAL and PI in RA patients compared to non-RA patients. These results suggest 
that RA patients have a higher risk of developing periodontal disease compared to non-RA 
(Potempa et al., ����; Silvestre-Rangil et al., ����). It is estimated that �-� �% of SjD patients 
also have RA (Fox, ����) and, as there seems to be a link between periodontal disease and 
rheumatoid arthritis, sSjD patients with RA as associated disease could have an additional 
risk in developing periodontal disease. To eliminate the potential overestimating e�ect of 
RA on periodontal parameters in our study, either all patients with RA should be excluded or 
only patients with pSjD should be included. Unfortunately, only two studies presented data 
on pSjD and sSjD patients separately (Antoniazzi et al., ����; Kuru et al., ���� ), and three 
studies included only pSjD patients (Pedersen et al., ����, ����, ����). Of the tw o studies 
comparing pSjD and sSjD, one study reported signi�cantly higher pocket depths and clinical 
attachment loss in sSjD patients (Antoniazzi et al., ����), while the other s tudy found non-
signi�cant increases of these parameters in sSjD patients (Kuru et al., ��� �). For GI and PI, no 
signi�cant di�erences between pSjD and sSjD were found. Although signi�cant di�erences 
were found for pocket probing depths and clinical attachment loss between RA patients and 
controls, these di�erences are of a low magnitude and clinically probably not relevant. Further 
studies exploring the potential contribution of RA to the risk of developing periodontal disease 
in sSjD patients are warranted. 

In two studies it was unclear which classi�cation criteria were used to diagnose SjD (Ergun et 
al., ����; Tseng, ����). According to Manthorpe et al., focusing on the sympto matology and 
the subjective symptoms can lead to misclassi�cation. Thus, objective test results should be 
the most important criteria in diagnosing SjD (Manthorpe et al., ����). In the oth er studies 
included in our meta-analysis, however, the sample of patients with SjD has been carefully 
characterized and selected according the European Classi�cation for SjD or, the AECG criteria, 
while they are not yet eligible studies applying the ���� ACR-EULAR criteria for classifying SjD 
and assessing periodontal disease (Shiboski et al., ����). The European cla ssi�cation for SjD 
is a precursor of the AECG criteria. There are some di�erences between these two but these are 
considered small and are mainly based on modi�cations that make the classi�cation criteria 
more precise and the tests more broadly applicable (Vitali et al., ����). 

�
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For qualitative analysis, the Newcastle-Ottawa Quality Assessment Scale for case-control 
studies was used. In the current literature, the opinions on this scale di�er. Proponents found 
the tool easy to use, valid, and reliable (Wells et al, ����). Opponents, howeve r, point out that 
blinding of the investigator contributes disproportionally to the �nal sc ore (Lo et al., ����; 
Stang, ����). For the included case-control studies, none of the studies desc ribed whether 
the investigator performing the oral examination was unaware whether the subject was 
SjD patient or healthy control, which leads to an uncertain ascertainment of exposure. The 
estimated risk of bias is therefore likely to increase. A higher score was given to population-
based controls compared with hospital controls or controls from the same clinic (Lo et al., 
����; Stang, ����).  Although there is still a lack of agreement about this to pic, cautiousness 
is advised when preferring community controls to hospital controls. To what extent this might 
a�ect the present study is questionable, as one of the ten studies did not ful�ll t his criterion 
(Antoniazzi et al., ����). The other locations were either hospitals or den tal schools, which 
make it arguable that these controls should be considered true hospital controls. 

As mentioned before, subjects who underwent periodontal treatment were excluded in all 
studies. This could have a�ected the severity of periodontal disease in the experimental 
groups, especially since in the studies used for this meta-analysis it was not clari�ed how many 
subjects were excluded due to previously received periodontal treatment. More importantly, 
it was not mentioned whether the percentage of excluded subjects di�ered between the SjD 
group and controls. When more subjects with previous periodontal treatment have been 
excluded in the SjD group than in the control group, this will result in an underestimation of the 
number and severity of periodontal disease in SjD patients. Therefore, as a result, exclusion 
of periodontal treated subjects could have introduced a risk of bias in the study population.

�. CONCLUSION
In the current study, no signi�cant di�erences in the GI, PI, CAL, and PPD were observed in 
patients with SjD compared to controls indicating that there is no evidence of a higher risk 
for periodontal disease in patients with SjD. However, SjD patients are more susceptible to 
caries compared to non-SjD patients.
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ABSTRACT
Objectives
To prospectively assess the clinical performance and patient-reported outcomes of dental 
implants in dentate patients with primary and secondary Sjögren’s Disease (pSjD and sSjD, 
respectively) compared to patients without SjD.

Materials and methods
�� implants were placed in �� patients with pSjD/sSjD and �� implants in �� non-SjD pa tients 
to replace missing (pre)molars. Clinical performance, marginal bone-level changes, patient 
satisfaction and oral health related quality of life (OHRQoL) were assessed at � (T�), � (T�), 
�� (T��) and �� (T��) months a�er placement of the superstructure. Marginal bo ne-level 
changes were measured on standardized dental radiographs. Clinical parameters included 
implant and crown survival, plaque, bleeding and gingival indices, and probing depth. Patient 
satisfaction and OHRQoL were assessed with validated questionnaires.

Results
Implant survival at T�� was ���% in the patients with pSjD/sSjD and ��.�% in the non-S jD 
group. Mean marginal bone loss at T�� did not di�er between patients with pSjD/sSj D and non-
SjD patients, �.�� ± �.�� mm and �.�� ± �.�� mm, respectively (p=�.��). Clinic al performance 
was good with no di�erences between the groups for all outcome measures (p>�.��). OHRQoL 
in patients with pSjD/sSjD had improved signi�cantly a�er placement of impla nt-supported 
crowns at all measuring moments compared to baseline (p<�.��). Nevertheless, patient 
satisfaction and OHRQoL remained signi�cantly higher for patients without SjD at all measuring 
moments (p<�.��).

Conclusion
Dental implants can be successfully applied in dentate patients with pSjD/sSjD and have a 
positive e�ect on OHRQoL.

Keywords
Dental implants, Sjögren’s Disease, Xerostomia, Prosthodontics
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�. INTRODUCTION
Sjögren’s Disease (SjD) is an autoimmune disorder characterized by progressive lymphocytic 
in�ltration of the exocrine glands, notably the lacrimal and salivary glands (Fox, ����). A�er 
rheumatoid arthritis (RA), SjD is considered to be the most common rheumatic autoimmune 
disorder and it a�ects mainly women (female-to-male ratio, �:�) (Fox, ���� ). SjD can be divided 
in primary (pSjD) and secondary SjD (sSjD). Secondary SjD is associated with connective tissue 
diseases, such as RA or systemic lupus erythematosus (SLE). The pathogenesis of SjD is still 
largely unknown. It has become apparent that disturbances of the immune system play a central 
role. Whether this is a primary cause or a result of a prior (viral) infection or other extrinsic factors 
remains uncertain (Mariette & Criswell, ����). SjD is characterized by mononu clear in�ltrates 
and IgG-producing plasma cells in the salivary and lacrimal glands. This in�ltration leads to 
irreversible destruction of glandular tissue with a subsequent decrease in saliva secretion rate 
(Daniels & Fox, ����; Mariette & Criswell, ����).

Saliva possesses many important functions including antimicrobial activity, mechanical 
cleansing, regulation of pH, removal of food debris from the oral cavity, lubrication of the oral 
cavity, control of mineralization and demineralization of teeth and maintaining the integrity of 
the oral mucosa (Dawes et al., ����; Hsu & Dickinson, ����; Mat hews et al., ����). A change 
in saliva composition or a lack of saliva subsequently increases caries risk, which results in 
progressive degradation of the dentition of SjD patients (Dawes et al., ���� ; F et al., ����; 
Maarse et al.,����).

If there is a qualitative or quantitative problem with saliva, loss of retention, pain and ulceration 
may occur while wearing full or partial dentures (Okuno et al., ����; Turner et al ., ����). In 
addition, dry mouth is associated with the occurrence of the sensation of burning mouth (non-
idiopathic burning mouth syndrome), which makes wearing conventional dentures di�cult 
(Ritchie & Kramer, ����) . A recent review of the literature emphasized the import ant role of 
saliva in the success of a denture. Speaking and chewing skills, as well as denture stability, 
were found to be reduced in patients with dry mouth symptoms compared to healthy subjects 
(Tanaka et al., ����).

For patients with SjD, an implant-supported restoration could be a better treatment option. Dental 
implant treatment is a clinically validated and practice proven therapy for the replacement of 
teeth (Derks et al., ����). To date, no prospective clinical trials have been pu blished in which 
the success and survival of implants in patients with SjD were investigated and compared to 
healthy subjects. Only retrospective studies and case series reported on the use of dental 
implants in patients with SjD, o�en with favorable outcomes (Albrecht et al., ����; Almeida 
et al., ����; Barros et al., ����; Chrcanovic et al., ����; Korfage et al., ����), but als o with 
less favorable outcomes such as an above average loss of implants (Isidor et al., ����; Payne 
et al., ����).  Therefore, this study aims to prospectively investigate the cl inical performance 
and patient-reported outcomes of dental implants in dentate patients with SjD compared to 

�
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subjects without SjD up to �� months a�er placement of the suprastructure. W e hypothesize 
that there is no di�erence in marginal peri-implant bone loss and patient-reported outcomes 
between dentate patients with SjD and dentate control subjects.

�. MATERIAL AND METHODS
�.� Study design
This clinical study was designed as a prospective multicenter clinical trial with a non-inferiority 
design and an ��-month follow-up period and was conducted between May ��� � and September 
����. The study was conducted at the Amsterdam University Medical Center, department 
of Oral and Maxillofacial Surgery and Oral Pathology, Amsterdam; Center for Special Care 
Dentistry, Amsterdam; University Medical Center Utrecht, department of Oral and Maxillofacial 
Surgery, Prosthodontics and Special Dental Care, Utrecht; University Medical Center Groningen, 
Department of Oral and Maxillofacial Surgery, Groningen; and private dental practice Bocht 
Oosterdiep, Veendam. All centers are located in The Netherlands. At all centers, two or more 
investigators were involved in study related activities. Recruitment took place at all sites. The 
surgical procedure was performed at the Amsterdam UMC, UMC Utrecht, UMC Groningen and 
private practice Bocht Oosterdiep, Veendam. The prosthetic procedures (including placement 
of the crown) and measuring outcome measures were performed at all sites by co-authors 
other than who inserted the implants. One trained examiner (FM), unaware of the group 
allocations, evaluated all radiographs to measure loss of bone. The study protocol is registered 
at ClinicalTrials.gov (no. NCT��������). The design and rep orting of this study are consistent 
with STROBE statement recommendations (von Elm et al., ����).

�.� Participants
The study population consisted of dentate patients with and without pSjD or sSjD referred for 
single-implant treatment in the posterior region. The patients were considered for inclusion 
it they ful�lled the following criteria:
- Between �� and �� years of age;
- One or more missing (pre)molars in the maxilla and/or mandible;
- Su�cient mesio-distal (at least � mm) and interocclusal space for an anatomic restoration;
- Su�cient bone volume to insert a dental implant. In case of implant dehiscences or 

fenestrations, it was allowed to cover these by autogenous bone chips collected during 
implant bed preparation.

- Adequate oral hygiene (modi�ed plaque index and modi�ed sulcus bleeding index � �) and 
with an infection of the oral mucosa as determined by visual inspection and periodontal 
investigation (pocket probing > �mm) were excluded (Loe & Silness, ����; Mombelli et 
al., ����).

- The patient was capable of understanding and giving an informed consent.
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Patients were excluded from participation in this study if they met one of the following criteria:
- Medical and general contraindications for the surgical procedures. This was de�ned as 

an American Society of Anesthesiologists score � � (Owens et al., ����)
- Presence of an active and uncontrolled periodontal disease as expressed by probing 

pockets depths >� mm with bleeding upon probing;
- History of radiotherapy to the head and neck region or the use of intravenous bisphosphonates/

use of oral bisphosphonates for more than � years or other medication, to date known for 
inhibiting bone remodeling (e.g. Denosumab);

- Smoking within � weeks before implant placement/bone augmentation.

Patients with SjD only:
- Diagnosed with primary or secondary Sjögren’s Disease according to the ���� American 

European Consensus Group Criteria (AECG) guidelines (Vitali et al., ����). 

Patients without SjD only:
- No xerostomia as measured by the EULAR (European League Against Rheumatism) Sjögren’s 

Disease Patient Reported Index (ESSPRI) score Dryness Domain Score (score < �) (Seror et 
al., ����).

Participants with SjD were recruited from the Drymouth Outpatient Clinic Amsterdam, through 
rheumatologists from the University Medical Centers in Amsterdam, Utrecht and Groningen. 
Before inclusion all possible participants for the patients with SjD group were strictly screened 
for compliance with the ���� American European Consensus Group (AECG) criteria (Vitali 
et al., ����). Retrospectively, all patients with SjD ful�lled the ���� Americ an Congress of 
Rheumatology (ACR)/EULAR criteria as well (Shiboski et al., ����).

Patients without SjD were referred to the participating centers by general practitioners. 
For every patient, a treatment plan was written in which it was examined how to ful�ll the 
patient’s care needs. The number of implants placed was thus determined on a case-by-case 
basis and based on individual care needs. The study was performed in accordance with the 
ethical principles of the Declaration of Helsinki, International Council for Harmonization on 
Good Clinical Practice, and the applicable Dutch regulatory requirements. Written informed 
consent was obtained from each patient. Patients were included between July ���� and August 
����. The VU Medical Center / Amsterdam University Medical Center Research Ethics Board 
(#NL����.���) approved the study.

�.� Patient and public involvement
A patient advisory group from the Dutch Federation for Sjögren’s Disease participated in the 
design of the study and the development of the informational material. Furthermore, they 
reviewed the burden of the intervention from the patient’s perspective. This patient advisory 
group met on a regular basis for the duration of the study. At the end of the study, the patient 
advisory group commented on the �ndings and they contributed to the dissemination plan.

�
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�.� Intervention
All patients received Biohorizon laser-Lok tapered internal implants (Biohorizons, Birmingham, 
Alabama, USA) to replace missing (pre)molars in the upper and/or lower jaw. All implants were 
placed with preservation of the remaining (but healthy) dentition.

�.� Pre-operative procedure
Prophylactic antibiotic therapy was applied � hour before implant placement surgery (amoxicillin 
� g). Patients were instructed to use a �.�% chlorhe xidine mouthwash (two times daily for 
seven days) for oral disinfection starting � day before surgery.

�.� Surgical procedure
Under local anesthesia, an incision was made and the implant site was examined and if 
necessary smoothed to obtain the correct relation between bone-plain and the vertical position 
of the implant. According to a standard procedure supplied by the manufacturer the implant 
site was prepared and the impant inserted in the desired position. A�er implant placement, 
a cover screw was placed and hand-tightened on the �xture. The buccal margin of the wound 
including the so� tissue and papillae were repositioned over the cover screw without tension 
on the wound (�-stage procedure). Closure was obtained wirth resorbable sutures (Braun or 
Vicryl �-� SH-� Ethicon, Johnson & Johnson Medical NV, Belgium). A�er � months of healing 
and osseointegration, the implant was uncovered and a maxillofacial surgeon placed a healing 
abutment. At least one week a�er this second procedure the prosthetic treatment was started.

�.� Prosthetic procedure
Three months a�er implant placement, an individual impression was made on implant level for 
fabrication of the �nal crown. In the laboratory, a so� tissue cast was prepared. First, a wax-up 
model of the �nal restoration was made on a titanium abutment (Biohorizons Inc, Birmingham, 
AL., USA) to visualize the location of the screw access hole in relation to the crown. The wax-up 
model was scanned for fabrication of a lithium disilicate crown (Emax, Ivoclar Vivadent, 
Schaan, Liechtenstein). This crown was fused directly to the titanium abutment with Panavia 
composite resin (Kuraray, Tokyo, Japan) in order to create a screw-retained one-piece �nal 
restoration. The restoration was seated on the implant and the abutment screw was torqued 
with �� Ncm, according to the manufacturer’s instructions.

�.� Outcome measures
Before implant placement (T�) and � (T�), � (T�), �� (T��) and �� (T��) month(s) a� er de�nitive 
crown placement, patients were seen for clinical data collection. Outcome variables were survival 
rate, complication rate, plaque index (PI), bleeding index (BI), gingival index (GI), probing pocket 
depth, marginal bone level changes, chewing ability and oral health related quality of life.

Survival rate
Survival rate was determined at all timepoints and is de�ned as whether the implant is still 
present in the mouth or not.

179852_Maarse_BNW-def.indd   78179852_Maarse_BNW-def.indd   78 06-11-2025   09:2806-11-2025   09:28



79

Dental implants in dentate primary and secondary Sjögren’s Disease patients

�.� Complication rate
Complications are de�ned as fracture of the implant, superstructure (including chipping of 
the crown) or abutment screw, or the detachment of the superstructure from the abutment or 
detachment of the abutment from the implant. Complications were recorded continuously.

�.�� Plaque index
At T�, T�, T�, T��, and T�� the PI for each implant was measured on a  scale of �/�/�/� (� = 
no plaque; � = a �lm of plaque adhering to the free gingival margin and adjacent area of the 
crown/implant. The plaque may be seen in situ only a�er application of disclosing solution or 
by using the probe on the tooth surface; � = moderate accumulation of so� deposits within the 
gingival pocket, or the tooth/implant and gingival margin which can be seen with the naked 
eye; � = abundance of so� matter within the gingival pocket and/or on the tooth/imp lant and 
gingival margin) (Loe & Silness, ����; Mombelli et al., ����).

�.�� Bleeding index
At T�, T�, T�, T��, and T�� the BI for each implant was measured on a scale of �/�/�/� (� = 
no bleeding when probe is passed along the gingival margin; � = isolated bleeding, gingiva 
looks normal; � = blood forms a confluent red line on margins; � = heavy or profuse bleeding) 
(Loe & Silness, ����; Mombelli et al., ����).

�.�� Gingival index
At T�, T�, T�, T�� and T�� the GI by Loe & Silness was measured for each implant. GI scores the 
marginal and interproximal tissues separately on a � to � scale. The criteria are: � = normal 
gingiva; � = mild inflammation – slight change in color and slight edema, but no bleeding on 
probing; � = moderate inflammation – redness, edema and glazing, bleeding on probing; � = 
severe inflammation – marked redness and edema, ulceration with tendency to spontaneous 
bleeding. The bleeding is assessed by probing gently along the wall of so� tissue of the gingival 
sulcus. The GI of an individual implant was be obtained by adding the values of each side of 
the implant (distobuccal, midbuccal, mesiobuccal, distolingual, midlingual and mesiolingual) 
and dividing by the number of sides examined (Loe & Silness, ����; Mombelli et al., ����) . 

�.�� Probing pocket depth
Probing depth was measured at six sites for each implant (mesiobuccal, labial, distobuccal, 
mesiolingual, lingual, distolingual) using a manual periodontal probe (Williams Colour Coded 
Probe; HuFriedy, Chicago, Il, USA) at T�, T�, T�� and T��. The distance between the marginal 
border of the mucosa and the tip of the periodontal probe was scored as the probing depth. The 
six scores were averaged resulting in a single score per implant expressed in millimeters (mm).

�.�� Radiographic evaluation
Changes in marginal bone level were calculated from standardized digital intra-oral radiographs 
taken with an individualized aiming device as previously described (Meijndert et al., ��� �). 
Full-screen analysis of the radiographs was performed using the known implant diameter 

�
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as a reference value for calibration of the radiograph . One trained examiner (FM), unaware 
of group allocations, evaluated all radiographs. A single observer was chosen to prevent 
interobserver variability. The vertical distance from the shoulder of the implant to the �rst 
bone-to-implant contact was measured at both the distal and mesial site of the implant using 
VisiQuick so�ware (Citodent Imaging B.V, Amsterdam, the Netherlands). Mesial and distal bone 
changes in this region were averaged and considered as radiographic bone height change. 
Bone height changes are expressed in mm.

�.�� Chewing ability
All patients were requested to �ll out a “Chewing ability” questionnaire. In this questionnaire 
patients gave their opinion about the ability to chew nine di�erent kinds of food on a three-
point rating scale (� = good, � = moderate, � = bad). The nine items were grouped into three 
subgroups of three items each, representing the ability to chew so� food, tough food and 
hard food (Stellingsma et al., ����).

�.�� Evaluation of oral health related quality of life.
Oral Health-related Quality of Life (OHRQoL) was de�ned as “the absence of negative impacts 
of oral conditions on social life and a positive sense of dentofacial self-con�dence” (Tashbayev 
et al., ����). To quantify the OHRQoL all patients completed the Dutch version of the Oral 
Health Impact Pro�le-�� at all time-points. The OHIP-�� comprises �� items that m easure 
seven domains of impact, each based on two questions: functional limitation, physical pain, 
psychological discomfort, physical disability, psychological disabilit y, social disability and 
social handicap. Respondents were instructed to indicate their experience for each item on a 
�ve-point Likert scale ranging from � to � (� = never; � = hardly ever; � = occasionally ; � = fairly 
o�en; � = very o�en) (van der Meulen et al., ����). This results in a score for each que stion 
ranging from � to �, and a summated score ranging from � to ��, where low scores indica te 
high OHRQoL. The benchmark to assess whether a change in OHRQoL is clinically relevant, 
known as the Minimally Important Di�erence (MID), was set at � OHIP-�� units (Bassetti et 
al., ����). Accordingly, a change of � units of the summated OHIP-�� score was assu med to 
be clinically relevant.

�.�� Feeling of oral dryness
All patients were asked to complete the EULAR (European League Against Rheumatism) Sjögren’s 
Disease Patient Reported Index (ESSPRI) questionnaire at T�. Disease symptoms (pain, fatigue, 
dryness) were assessed using a ��-point scale patient-administered questionnaire (Seror et 
al., ����). Only the dryness domain was used to compare groups.

�. SAMPLE SIZE AND STATISTICAL ANALYSIS
A sample size was calculated using G*power (Faul et al., ����). The e�ect size was calculated 
based on available data published in literature (den Hartog et al., ����; Pe cora et al., ����). 
As outcome measure was chosen the marginal bone loss measured in mm a�er � year. In the 
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literature a bone loss of � mm (SD: �.�) a�er � year is considered acceptable, but � .� mm 
of bone loss a�er � year unacceptable (den Hartog et al., ����; Pecora et al., ���� ). For the 
sample size analysis, we hypothesized that � year a�er insertion of the implants there is no 
di�erence between patients without SjD and patients with SjD with regard to peri-implant 
bone loss. No di�erence is de�ned as �.� mm or less of additional marginal bone loss. Wi th 
an alpha of �.�� (two-sided) and a power of ��%, this resulted in an estimated sample si ze 
of �� implants in �� unique patients per group.

The data were presented as mean and their standard deviations to clarify relatively small 
di�erences and to make comparison with other studies more convenient. Di�erence between 
the groups in the outcome variables over time were analyzed with linear mixed model analysis 
(for the normally distributed continuous outcome variables) or with logistic Generalized 
estimating equations (GEE) analysis. Mixed model analysis and GEE analysis are used to take 
into account the dependency of the observations within the patient over time. The models 
included time (a categorical variable represented by dummy variables), group and the interaction 
between time and group. The analysis was adjusted for age and gender and was performed by 
a statistician (JWRT) unaware of group allocation. Data were analyzed with STATA (StataCorp, 
College Station, TX, USA). A p-value of �.�� or lower was considered statistically signi�cant.

�. RESULTS
At the start of the study, we included �� patients in which �� implants were placed. �� p atients 
completed the study between May ���� and September ���� (�gure �).

�
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Figure �. Flow di agram of the allocation of participants

One patient in the non-SjD group was lost due to loss of the implant before T� and another 
was lost to follow-up due to personal reasons a�er T�. These patients were not replaced. Only 
data from implants with a complete follow-up period were used in a per-protocol analysis (�� 
implants in the SjD group and �� implants in the non-SjD group). Characteristics of the study 
population are presented in table �.

Table �.  Characteristics of the study population.

Patient Variables Sjögren’s Disease Non-Sjögren’s Disease

N (patients) �� �� (� lost to follow-up before and 
� a�er T�); �� patients in a per-

protocol analysis

Age (Median;IQR) �� (�� - ��) �� (�� - ��.�)

Female gender, n (%) �� (���%) �� (��.�%)

No. smokers (� weeks prior to treatment) � �

Mean no. of medications used �.� �.�

Mean disease duration (years)� ��.� n/a

Primary SjD, n (%)� �� (��.�%) n/a

[continued on next page]
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Table �. [continued]

Patient Variables Sjögren’s Disease Non-Sjögren’s Disease

Secondary SjD, n (%)� � (��.�%) n/a

Autoantibodies to anti-SSA or anti-SSB(%) ��% n/a

Positive salivary gland biopsy (%) ��% n/a

Objective ocular involvement (Schirmer test) (%) ���% n/a

Mean ESSPRI (SD) (dryness domain) �.� (�.��) �.� (�.��)

Remaining teeth/patient (Mean/SD) ��.� (�.�) ��.� (�.�)

Remaining molars/patient (Mean/SD) �.� (�.�) �.� (�.�)

Remaining premolars/patient (Mean/SD) �.� (�.�) �.� (�.�)

Inserted implants (N) �� �� placed, but � lost to follow-up 
a�er T�

Mean no. implants/patient �.� �.�

Locations of inserted implants

� st premolar region (N) � �

� nd premolar region (N) � �

� st molar region (N) �� ��

� nd molar region (N) � �

N implants upper:lower jaw ��:�� �:��

� Disease duration is years since diagnosis.
� Classi�ed according the ���� American European Consensus Group Criteria (AECG); All patients classi�ed as 
secondary SjD had rheumatoid arthritis.
� De�ned as the total EULAR (European League Against Rheumatism) Sjögren’s Disease Patient Reported Index 
(ESSPRI) score divided by �.

The median age of the patients with SjD (�� years; IQR: ��-��) was signi�cantl y higher compared 
to the age of the patients without SjD (�� years; SD: ��-��.�); p = �.���). In the Sj D group, only 
females were included. All patients needed implant treatment because of tooth loss directly 
or indirectly related to caries. Patients with SjD used on average �.� medications and patients 
without SjD used on average �.� medications. Medication use of the included patients is 
presented in table �, strati�ed according to the Anatomical Therapeutic Chemical (ATC) codes.

�
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Table �.  Medication use in the SjD and non-SjD groups strati�ed according to the Anatomical Therapeutic 
Chemical (ATC) codes.

ATC Description of ATC group
Medication use SjD 

group (N=��)
Medication use non-

SjD group (N=��)

A Alimentary tract and metabolism (incl Colecaliferol 
(vit-D), Ascorbic acid (vit-C) and Calcium carbonate 
(Calci-chew))

�� �

B Blood and blood forming organs � �

C Cardiovascular system �� �

D Dermatologicals � �

G Genito-urinary system and sex hormones � �

H Systemic hormonal preparations, excluding sex 
hormones and insulins

� �

J Anti-infectives for systemic use � �

L Anti-neoplastic and immunomodulating agents � �

M Musculo-skeletal system (incl. anti-inflammatory and 
anti-rheumatic products)

� �

N Nervous system �� �

P Antiparasitic products (incl. hydroxychloroquine) � �

R Respiratory system � �

S Sensory organs �� �

V Varia (i.e., over the counter drymouth relieving products) �� �

Implant survival was ���% in the SjD group and ��.�% in the non-SjD group. One implan t 
was lost in the non-SjD group due to lack of osseointegration before T�. In one patient in the 
SjD group the crown had to be replaced at T�� because the patient felt it was too big No other 
complications were reported with relation to the implants or crowns.

Analysis of the data for normality revealed that the outcome measures were not normally 
distributed (Shapiro-Wilk; p<�.���). Means and standard deviations o f the outcome measures 
are presented in table � and table �.
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Plaque Index was measured on a scale of �/�/�/� (� = no plaque; � = a �lm of plaque a dhering 
to the free gingival margin and adjacent area of the crown/implant; � = moderate accumulation 
of so� deposits within the gingival pocket, or the tooth/implant and gingival m argin which can 
be seen with the naked eye; � = abundance of so� matter within the gingival pocket and/or on 
the tooth/implant and gingival margin. Bleeding Index for each implant was measured on a 
scale of �/�/�/� (� = no bleeding when probe is passed along the gingi val margin; � = isolated 
bleeding, gingiva looks normal; � = blood forms a confluent red line on margins; � = heavy 
or profuse bleeding

Radiographic bone loss is the average of � measurements on the distal and mesial side of the 
implant expressed in mm. Probing depth is the average of � measurements on the distobuccal, 
buccal, mesiobuccal, distolingual/palatal, lingual/palatal and mesiol ingual/palatal sides 
expressed in mm. Chewing ability is the patients’ opinion about the ability to chew nine 
di�erent kinds of food on a three-point rating scale (� = good, � = moderate, � = bad). The items 
were grouped into three scales: so� food, tough food and hard food. Within group signi�cant 
di�erences (p<�.��) compared to baseline (T�) are marked with an asterisk ; Corresponding 
p-values are reported in the results section

The results of the Mixed Models and GEE analyses are presented in table �.

Table �.  Analysis of the di�erences between the Sjögren’s Disease group (�� implants in �� patients) and 
the non-Sjögren’s Disease group (�� implants in �� patients) for all outc ome measures a�er correction 
for gender and age.

Coe�cient P

��% CI

lower upper

Radiographic bone loss

T� �.�� �.�� -�.�� �.��

T� �.�� �.�� -�.�� �.��

T�� �.�� �.�� -�.�� �.��

T�� �.�� �.�� -�.�� �.��

Gingival Index

T� -�.�� �.�� -�.�� �.��

T� -�.�� �.�� -�.�� �.��

T�� -�.�� �.�� -�.�� �.��

T�� -�.�� �.�� -�.�� �.��

Plaque Index

T� -�.�� �.�� -�.�� �.��

T� n/a � n/a � n/a � n/a �

T�� n/a � n/a � n/a � n/a �

T�� n/a � n/a � n/a � n/a �

[continued on next page]
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Table �. [continued]

Coe�cient P

��% CI

lower upper

Bleeding Index

T� -�.�� �.�� -�.�� �.��

T� �.�� �.�� -�.�� �.��

T�� �.�� �.�� -�.�� �.��

T�� -�.�� �.�� -�.�� �.��

Probing pocket depth

T� -�.�� �.�� -�.�� �.��

T� -�.�� �.�� -�.�� �.��

T�� -�.�� �.�� -�.�� �.��

T�� -�.�� �.�� -�.�� �.��

Chewing ability: so� food

T� -�.�� �.�� -�.�� �.��

T� -�.�� �.��� -�.�� �.��

T� -�.�� �.��� -�.�� �.��

T�� -�.�� �.��� -�.�� �.��

T�� -�.�� �.��� -�.�� �.��

Chewing ability: tough food

T� -�.�� �.�� -�.�� �.��

T� -�.�� �.��� -�.�� -�.��

T� -�.�� �.��� -�.�� -�.��

T�� -�.�� <�.��� -�.�� -�.��

T�� -�.�� �.��� -�.�� -�.��

Chewing ability: hard food

T� -�.�� �.�� -�.�� �.��

T� -�.�� �.��� -�.�� -�.��

T� -�.�� <�.��� -�.�� -�.��

T�� -�.�� <�.��� -�.�� -�.��

T�� -�.�� �.��� -�.�� -�.��

OHIP-��

T� -��.�� <�.��� -��.�� -�.��

T� -��.�� <�.��� -��.�� -�.��

T� -��.�� �.��� -��.�� -�.��

T�� -��.�� <�.��� -��.�� -�.��

T�� -��.�� <�.��� * -��.�� -�.��

�
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The coe�cient is the estimated di�erence of the means between the non-Sjögren’s Disease 
group and the Sjögren’s Disease group. A negative value means that the outcome score in 
the Sjögren’s Disease group is higher compared to the non-Sjögren’s Disease group. P-values 
marked with bold indicate statistically signi�cant di�erences bet ween the groups. � No results 
due to low numbers.

At T�� mean bone loss was �.��mm (SD: �.��) in the SjD group and �.� �mm (SD: �.��) in the 
non-SjD group. At all timepoints, bone loss was higher in the non-SjD group compared to the 
SjD group but the Mixed Models analysis revealed no signi�cant di�erences in mean marginal 
bone loss, measured on the standardized x-rays, between both groups at all timepoints. The 
radiographic bone height changes of implants inserted in the upper jaw or the lower jaw were 
analysed separately.

At T��, no signi�cant di�erences between the groups were found for probing d epth (SjD group: 
M = �.��mm; non-SjD group: M = �.��mm; p = �.��) and GI (SjD group: M = �.��; non-SjD 
group: M = �.��; p=�.��). Also, at previous time-points no signi�cant di�er ences were found 
although probing depths were numerically higher in the SjD group.

Chewing ability increased signi�cantly a�er placement of the  crowns in the non-SjD group 
compared to baseline (M = �.��) only for hard food at T� (M = �.��; p = �.���), T �� (M = �.��; 
p = �.���) and T�� (M = �.��; p = �.��). In the SjD group no signi�cant improvement i n chewing 
ability compared to baseline was found.

Before placement of the crowns the ability to chew so� food (SjD group: M = �.��.; non-SjD group: 
M = �.��; p = �.��), tough food (SjD group: M = �.��; non-SjD group: M = �.��; p = �.��) and 
hard food (SjD group: M = �.��.; non-SjD group: M = �.��; p = �.��) were comparable between 
patients with SjD patients and patients without SjD. A�er placement of the crowns patients 
without SjD were able the chew so�, hard and though food signi�cantly better at all timepoints 
compared to patients with SjD (table � and table � (for exact p-values at all time-points)).

The BI and PI are presented in a frequency table (table �). Both outcome measures were 
numerically higher in the SjD group, but the GEE-analysis revealed no signi�cant di�erences 
for bleeding index at all timepoints between patients with SjD and patients without SjD.

Oral Health Related QoL, as determined with the summated OHIP-�� questionnaire, was 
signi�cantly improved in the SjD group compared to baseline (M = ��.�) at T� (M = ��.�; p < 
�.���), T� (M = ��.�; p < �.���), T�� (M = ��.�; p < �.���) and T�� (M = ��.�; p = �.���) (table �).

In the non-SjD group OHRQoL improved also a�er placement of the crowns but this di�erence 
failed to reach statistical signi�cance compared to baseline at all timepoints. The changes in the 
summated OHIP-�� score a�er placement of the implants and crowns changed in both groups 
more than � OHIP units compared to baseline indicating a clinically relevant improvement up 

179852_Maarse_BNW-def.indd   90179852_Maarse_BNW-def.indd   90 06-11-2025   09:2806-11-2025   09:28



91

Dental implants in dentate primary and secondary Sjögren’s Disease patients

to �� months. At baseline the summated OHIP-�� score was already signi�cantly lower in the 
non-SjD group (��.�) compared to the SjD group (��.�; p < �.�� �) indicating a better OHRQoL for 
patients without SjD. A�er placement of the crowns the OHIP-�� score remained signi�cantly 
lower in the non-SjD group compared to the SjD group at all timepoints up to T��(p < �.��; see 
table � for exact p-values at all time-points).

We also analysed the OHIP-�� for every item separately (table �). It was found that in the 
SjD group the items ‘Discomfort eating food’, ‘Feeling tense’, ‘Poor diet’, ‘Di�cult to relax’, 
‘Embarrassment’, ‘Di�culties doing usual jobs’ and ‘life less satisfy ing’ improved signi�cantly 
compared to baseline. In the non-SjD group, the same items (except ‘life less satisfying’) as 
in the SjD group improved signi�cantly compared to baseline. In the non-SjD group items 
‘Trouble pronouncing words’ and ‘Ability to function’ were at baseline already at a very low 
level (at or slightly above �; indicating no influence on QoL) so improvement on these items 
was almost not possible.

�. DISCUSSION
In this study we evaluated the clinical performance of dental implants in patients with Sjögren’s 
Disease compared to patients without Sjögren’s Disease. No implants were lost in the SjD group 
and only one implant in the non-SjD group. This implant was lost before the superstructure was 
placed. This result is comparable to the �ndings of a study in non-SjD patients with a di�erent 
implant system (Derks et al., ����). They reported that �.�% of implants are lost befo re placing 
the superstructure. Our results are also in line with the results from a retrospective study 
investigating the implant survival and performance in patients with SjD. This previous study 
reported an implant survival in patients with SjD of ��% a�er �� months (Korfa ge et al., ����). 

We found numerically higher pocket probing depth and GI scores in the SjD group. It could 
be speculated that this could have a long-term e�ect which was not yet measurable in our 
study. Long standing inflammation of the gingiva could result in an increase of loss of bone. A 
comparable situation was also found in a study by (Korfage et al., ����). In that st udy it was 
found that SjD patients seemed to have more signs of peri-implant so� tissue inflammation 
despite comparable pocket-probing depths compared to non-SjD patients. These signs of 
inflammation could be related to the reduced salivary secretion in patients with SjD as well 
as the subsequent diminished self-clearance of the oral cavity (Pijpe et al., ���� ). As a result, 
debris will more easily accumulate and remain on the tooth surfaces in SjD subjects than 
in patients without SjD. Therefore, in patients with SjD, the marginal tissue could be more 
prone to continuous exposure to inflammatory insults. This will probably have resulted in 
slightly more gingival swelling and bleeding in the SjD group, although none of the measured 
parameters was signi�cantly higher. Although periodontitis is not an increased risk in patients 
with SjD (Maarse et al., ����) the long-term survival and performance of the se implants will 
be subject of future studies.

�
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Patients with and without SjD were equally satis�ed about their ability to chew so�, tough 
and hard food at baseline. A�er placement of implant-supported crowns, the patients without 
SjD patients experienced signi�cant improvements at all timepoints compared to patients 
with SjD for their ability to chew so�, though and hard food. This corresponds with previous 
studies investigating tooth loss and chewing ability (Brennan et al., ���� ; Hildebrandt et al., 
����; Leake et al., ����). Patients with SjD did experience some improvement; howev er, this 
improvement was not statistically signi�cant. Therefore, it could be concluded that replacing 
missing molars and/or premolars in patients with SjD did not result in an improvement to 
chew food. This might be explained by the e�ect of the severe oral dryness these patients are 
experiencing. Their problems with eating are not only related to the ability to chew but also 
to the ability to lubricate the mouth and swallow the food. Moreover, this di�erence could 
also be explained by the larger number of remaining teeth in patients without SjD (SjD-group: 
��.� vs. non-SjD: ��.�).

We found that the Oral Health related Quality of Life (OHR-QoL) was signi�cantly higher in the 
SjD-group at baseline and all subsequent timepoints compared to the non-SjD group. This 
corresponds with the results from other studies investigating Oral Health related Quality of 
Life of SjD patients using the OHIP-�� (Enger et al., ����; Tashbayev et al., ����) . The same 
is found for general Health Related Quality of Life (HR-QoL). In a study by Meijer et al it was 
found that SjD has a large impact on HR-QoL, employment and disability and that the need 
to use arti�cial saliva is a predictor for a reduced HR-QoL in SjD indicating the important role 
of saliva in QoL (Meijer et al., ����).

Interestingly, the summated OHIP-�� score improved signi�cantly and more than the Meaningful 
Important Di�erence (MID) a�er replacing missing teeth by implant-supported crowns in the 
SjD group indicating that replacing missing teeth improves the quality of life in these patients. 
This di�erence between the groups could be related to the larger number of remaining teeth 
in the patients without SjD compared to the patients with SjD at baseline (SjD-group: ��.� vs. 
non-SjD: ��.�). Despite this improvement, patients with SjD still repo rted a signi�cant lower 
QoL than patients without SjD at all timepoints. As discussed above, this is probably related 
to the persistent oral dryness and its related problems. In the non-SjD group, the summated 
OHIP-�� score was lower a�er placement of the implant-supported crowns compared to baseline 
at all timepoints suggesting an improvement in QoL, but this di�erence was not signi�cant. 
An explanation for this could be that the scores on some questions in the non-SjD group were 
already at a very low level at baseline (at or slightly above �; indicating no influence on QoL) 
so improvement on these questions was almost not possible.

Another explanation could be that in the non-SjD group both males and females (respectively 
� and ��) were included and in the SjD group only females. In previous research it was found 
that OHIP-�� scores of males were lower compared to females (Kang & Kang, ����). Therefore, 
we adjusted our analysis for gender. This resulted in slightly higher OHIP-�� scores in the non-
SjD group and some of the responses to the items were not signi�cantly di�erent anymore 
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compared to the non-SjD group. But overall, the di�erences in OHIP-�� scores in the SjD group 
remained signi�cantly higher compared to the non-SjD group. 

A limitation of this study is that we were not able to �nd a gender and age matched non-SjD 
group.  In the SjD group no males could be included. We decided to include female and male 
patients in the non-SjD group because it was di�cult to �nd patients without SjD t hat were 
willing to participate in our study. The same applies to age as patients in the SjD group were 
signi�cantly older than patients in the non-SjD group. From previous studies it is known 
that a high age is related to more oral health problems and that females have better oral 
hygiene compared to males (Kim et al., ����; Razak et al., ����). This could have inf luenced 
the outcomes of our study by increasing the di�erences between the groups. Therefore, we 
adjusted our analysis for age and gender.

Another drawback of the limited number of eligible patients was that in some of the patients 
more than � implant was included in the study. This is reflected in the number of implants 
which is not corresponding with the number of patients. Therefore, it should be mentioned 
that our study is slightly underpowered. The minimal number of implants as calculated in our 
sample size analysis (��) was reached but not in �� unique patients (SjD-grou p: �� implants 
in �� patients; non-SjD group: �� implants in �� patients).

In our study we included patients with primary SjD (pSjD) and secondary SjD (sSjD) (respectively 
��.�% and ��.�%) and all patients classi�ed as secondary SjD had Rheumatoi d Arthritis (RA). 
RA is a known risk factor for periodontal disease (de Pablo et al., ����a). Studies re port that 
periodontal disease is approximately twice as common and more severe in patients with RA. A 
re¬cent study reported signi�cantly higher pocket probing depths and plaque index in patients 
with RA com¬pared to patients without RA. These results suggest that RA patients have a higher 
risk of developing periodontal disease compared to non-RA (Potempa et al., ����). On the other 
hand, is it described that there are no di�erences in periodontal status between patients with 
pSjD, RA or healthy subjects. (Özçaka et al., ����). Additionally, there cou ld be an e�ect of the 
anti-inflammatory medication used by some of the patients with sSjD in the present study. To 
eliminate a potential overestimating e�ect of RA on peri¬odontal parameters in our study, either 
all patients with RA should be excluded or only patients with pSjD should have been in¬cluded. 
Unfortunately, that was not possible because of the limited number of patients with SjD eligible 
for single teeth replacement. In table � we presented all the medication used by the participants.

A strength of our study was the use of standardized intraoral dental radiographs together 
with the used periodontal parameters. In previous studies it is suggested that this is the most 
optimal setting to evaluate peri-implant health (Brown et al, ����; Lindhe et al., �� ��). We 
could have further optimized our study design by making a standardized intraoral radiograph 
immediately a�er placement of the implant. This could have been possible if we fabricated 
an individualized x-ray holder before placement of the implant. In this way we could have 
determined the change in bone height over time more accurately.

�
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In this study we report results up to �� months. It would very interesting to study the longer 
term results (e.g. � and �� years results) especially a s less favorable outcomes such as an 
above average loss of implants is reported in literature (Isidor et al., ���� ).

From this study we conclude that dental implants in patients with SjD show a clinical performance 
comparable to implants in patients without SjD up to �� months. Furt hermore, replacing missing 
molars and premolars by implant-supported crowns improves the Oral Health related Quality 
of Life of SjD-patients. Therefore, it can be concluded that dental implants are a safe and 
e�ective treatment option for SjD patients up to �� months. To study the long- term success 
of dental implants in patients with SjD, a follow-up study will be implemented.
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ABSTRACT
Objectives
To prospectively investigate patient-reported outcomes and clinical performance of implant-
supported overdentures in edentulous Sjögren’s Disease (SjD) patients compared to subjects 
without SjD.

Materials and methods
�� implants were placed in �� patients with SjD and �� implants in �� non-SjD patien ts to 
support overdentures. Clinical performance, marginal bone-level changes, patient satisfaction 
and oral health related quality of life (OHRQoL) were assessed at � (T�), � (T�), �� ( T��) and 
�� (T��) months a�er placement of the overdenture. Patient satisfacti on, ability to chew and 
OHRQoL were assessed with validated questionnaires. Marginal bone-level changes were 
measured on standardized dental radiographs. Clinical parameters included implant and 
overdenture survival, plaque, bleeding and gingival indices, and probing depth.

Results
OHRQoL in patients with SjD improved signi�cantly a�er placement of implant-supported 
overdentures at all measuring moments compared to baseline (p<�.��). Nevertheless, ability 
to chew tough and hard food was signi�cantly better for non-SjD patients at all timepoints 
a�er placement of an implant-supported overdenture (p<�.��). Implant s urvival at T�� was 
���% in the patients with SjD and ��% in the non-SjD group. Mean marginal bone loss at T��  
did not di�er between patients with SjD and non-SjD patients, �.��±�.�� mm and �.� �±�.�� 
mm, respectively (p=�.��). Clinical performance was good with no di�erenc es between the 
groups for all outcome measures (p>�.��).

Conclusion
Implant-supported overdentures have a positive e�ect on OHRQoL and dental implants can 
be successfully applied in edentulous patients with SjD with nearly similar outcomes as in 
non-SjD subjects.

Keywords
Dental implants, Sjögren’s Disease, Denture, Prostheses, Quality of Life
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�. INTRODUCTION
Sjögren’s Disease (SjD) is a chronic inflammatory and lymphoproliferative disease with 
autoimmune features, characterized by progressive lymphocytic in�ltration of the exocrine 
glands, notably the lacrimal and salivary glands (Fox, ����; Ma riette & Criswell, ����). Saliva 
performs many important functions including antimicrobial activity, mechanical cleansing, 
regulation of pH, removal of food debris from the oral cavity, lubrication of the oral cavity, 
control of mineralization and demineralization of teeth and maintaining the integrity of the oral 
mucosa (Dawes et al., ����; Hsu & Dickinson, ����; Mathews et al., ����). A lack of sal iva 
subsequently increases caries risk, which results in progressive degradation of the dentition 
and, in the end, a need to replace (Hsu & Dickinson, ����) missing teeth. This could be do ne by 
a conventional denture, but in dry mouth patients this therapy is not always successful (Chen 
& Daly, ����; Tanaka et al., ����). On the contrary, there is no increased risk for p eriodontal 
disease in Sjögren’s patients (Maarse et al., ����).

Saliva plays an important role in the functioning of full and partial dentures. The continuous 
flow of saliva into the oral cavity and the presence of a saliva �lm between the denture base 
and the oral mucosa ensures that the oral mucosa remains moist and is not easily damaged 
(Pedersen et al., ����; Turner et al., ����). Furthermore, saliva cont ributes to good retention 
of the denture. If there is a qualitative or quantitative problem with saliva, loss of retention, 
pain and ulceration may occur while wearing the denture (Okuno et al., ����; Turner et al., 
����). In addition, dry mouth is associated with the occurrence of the sensa tion of burning 
mouth, which makes wearing conventional dentures di�cult (Ritchie & Kramer, ����). Thus, 
in SjD patients wearing a conventional full denture might be troublesome.

For SjD patients, an implant-supported overdenture could be a better treatment option. 
Dental implant treatment is a clinically validated and practice proven therapy to support 
overdentures (Boven et al., ����; Derks et al., ����). To dat e, no prospective clinical trials have 
been published in which the success of implant-supported overdentures in SjD patients was 
investigated prospectively and compared to subjects without SjD. Only retrospective studies 
and case series reported on the use of dental implants in edentulous patients with SjD, o�en 
with favorable outcomes comparable to healthy subjects (Albrecht et al., ����; Almeida et al., 
����; Barros et al., ����; Chrcanovic et al., ����; Korfage et al., ����), but occas ionally with 
less favorable outcomes such as an above average loss of implants (Isidor et al., ����; Payne 
et al., ����). Therefore, this study aims to prospectively investigate patie nt-reported outcome 
measures and the clinical performance of implant-supported overdentures in edentulous SjD 
patients compared to subjects without SjD. We hypothesize that there is no di�erence in study 
outcomes between edentulous patients with or without SjD.  

�
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�. MATERIAL AND METHODS STUDY DESIGN
This clinical study was designed as a prospective multicenter clinical trial with a non-inferiority 
design and an ��-month follow-up. The study was conducted at the Amsterdam University 
Medical Center (AUMC), University Medical Center Utrecht, University Medical Center Groningen 
and dental practice Bocht Oosterdiep Veendam. All centers are located in the Netherlands.

Written consent was obtained from all patients prior to treatment. This study followed the 
principle of the Declaration of Helsinki. The AUMC Research Ethics Board (#NL����.���) 
approved the study. The study protocol is registered at the US National Institutes of Health 
(NCT��������) . The reporting of this study followed the STROBE guidelines (von Elm et al., ����).

�.� Participants
The study population consisted of edentulous patients in the upper and/or lower jaw with 
and without SjD referred for implant treatment to support overdentures. The patients were 
considered for inclusion it they ful�lled the following criteria:
- Between �� and �� years of age;
- Edentulous in the upper and/or lower jaw;
- The patient was capable of understanding and giving an informed consent;
- Su�cient bone volume to insert dental implants. In case of implant dehiscence or 

fenestrations, it was allowed to cover these by autogenous bone. Furthermore, it was 
allowed to expand the volume of bone by buccal plating or a sinus floor elevation in the 
same procedure as when the implants were placed.

SjD-patients only:
- Diagnosed with Sjögren’s Disease according to the ���� AECG guidelines (Vitali et al., 

����).

Patients were excluded from participation in this study if they met one of the following criteria:
- Medical and general contraindications for the surgical procedures de�ned as an American 

Society of Anesthesiologists score � � (Owens et al., ����);
- Presence of an active periodontal disease as expressed by probing pockets depths >� mm 

with bleeding upon probing (in case a patient was edentulous in only one jaw);
- History of radiotherapy to the head and neck region or the use of intravenous bisphosphonates/

use of oral bisphosphonates for more than � years or other medication, to date known for 
inhibiting bone remodeling;

- Smoking within � weeks before implant placement/bone augmentation.

Non-SjD patients only:
- - Xerostomia as measured by the EULAR (European League Against Rheumatism) Sjögren’s 

Disease Patient Reported Index (ESSPRI) score Dryness Domain Score (score <�) (Seror et 
al., ����).
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Retrospectively, all patients with SjD ful�lled the ���� Ame rican Congress of Rheumatology 
(ACR)/EULAR criteria as well (Shiboski et al., ����). 

�.� Intervention
All patients received Biohorizons laser-lok implants (Biohorizons, Birmingham, Alabama, USA) 
to support an overdenture in the upper and/or lower jaw. Patients received � or � implants in 
the upper jaw and/or � or � implants in the lower jaw (interforaminal region).

�.� Surgical procedure
According to a standard procedure as supplied by the manufacturer of the implant system used, 
the implants were inserted in the desired position. If necessary, small bone augmentation and 
sinus elevation procedures with intra-oral harvested bone were performed during the implant 
placement operation. Cover screws were placed and hand-tightened on the implants. The 
buccal margin of the wound including the so� tissue were repositioned exactly over the cover 
screw without tension on the wound (�-stage procedure), or adjusted to �t around the healing 
abutment (�-stage procedure). The patient was not allowed to wear a denture for � weeks a�er 
the implant placement procedure. A�er this period the overdenture was adjusted to the new 
situation. A�er � months of healing and osseointegration, the implants were u ncovered and 
the maxillofacial surgeon placed a healing abutment. In case of additional augmentation, this 
period could be extended to �-� months.

�.� Prosthetic procedure
Custom acrylic resin impression trays (Lightplast; Dreve Dentamid GmbH, Unna, Germany) 
were fabricated with openings for screw-retained impression copings. The �nal complete arch 
impression was made with polyether material (ImpregumF; �M ESPE, St. Paul, Minn, USA). A 
composite resin record base (Lightplast base plates; Dreve Dentamid GmbH, Unna, Germany) 
with a wax occlusion rim was used to determine the occlusal vertical dimension and to record 
the maxillomandibular relationship. This was followed by a gothic arch tracing to determine 
central relation. Acrylic resin arti�cial teeth (Ivoclar Vivadent AG, Schaan, Liechtenstein) were 
selected and arranged on the record base for a trial arrangement. A prede�ned occlusion 
concept was not followed. In case of antagonistic posterior natural teeth, the arti�cial teeth 
were occluding without disturbing interferences with lateral of protrusive excursions. The 
superstructure consisted of a milled titanium bar, screw-retained to the implants, and an 
overdenture with built-in cobalt chromium reinforcement structure and retentive clips attached 
to it (Slot et al., ����). The patient was instructed in hygiene procedures asso ciated with the 
overdentures and the bars and scheduled for routine maintenance recalls.

�.� Outcome measures
Before implant placement (T�) and � (T�), � (T�), �� (T��) and �� (T��) month (s) a�er de�nitive 
overdenture placement, patients were seen for data collection.

�
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�.� Chewing ability
All patients completed a “Chewing ability” questionnaire. In this questionnaire patients gave 
their opinion about the ability to chew nine di�erent kinds of food on a three-point rating scale 
(�=good, �=moderate, �=bad). The nine items were grouped into three subg roups of three 
items each, representing the ability to chew so� food, tough food and hard food (Stellingsma 
et al., ����).

�.� Oral health related quality of life
OHRQoL was de�ned as “the absence of negative impacts of oral conditions on social life 
and a positive sense of dentofacial self-con�dence” (Tashbayev et al., ����). To quantify the 
OHRQoL all patients completed the Dutch version of the Oral Health Impact Pro�le-�� at all 
time-points. The OHIP-�� comprises �� items that measure seven domains of impact, each 
based on two questions: functional limitation, physical pain, psychological discomfort, physical 
disability, psychological disability, social disability and social handic ap. Respondents were 
instructed to indicate their experience for each item on a �ve-point Likert scale ranging from 
� to � (�=never; �=hardly ever; �=occasionally; �=fairly o�en; �=very o�en ). This results in a 
score for each question ranging from � to �, and a summated score ranging from � to ��, w here 
low scores indicate high OHRQoL. The benchmark to assess whether a change in OHRQoL is 
clinically relevant, known as the Minimally Important Di�erence (MID), was set at � OHIP-�� 
units (Locker et al., ����). Accordingly, a change of � units of the summated OHI P-�� score 
was assumed to be clinically relevant.

�.� Patients’ satisfaction
Patients’ satisfaction with their overdenture was scored using the Vervoorn questionnaire 
before and �, �, �� and �� months a�er treatment (Vervoorn et al., ����). This is a �� -question 
questionnaire which focuses on � scales: �. Nine questions concerning functional problems of the 
lower overdenture; �. Nine questions concerning functional problems of the upper overdenture; 
�. Eight questions concerning functional problems in general; �. Three items concerning facial 
aesthetics; �. Three items concerning neutral space; �. Twelve items concerning aesthetics 
of the overdenture. All questions had a � scale: �=no complaints, �=little com plaints, � – 
moderate complaints, �=severe complaints. 

�.� Implant survival
Implant survival was de�ned as the percentage of implants initially placed that was still 
present and not mobile at follow-up.

�.�� Radiographic evaluation
Changes in marginal bone level were calculated from standardized digital intra-oral radiographs 
taken with an individualized aiming device mounted on the titanium bar as previously described 
(Meijndert et al., ����). Full-screen analysis of the radiographs was perfor med using the known 
implant diameter as a reference value for calibration of the radiograph. One trained examiner 
(FM), unaware of group allocations, evaluated all radiographs. A single observer was chosen to 
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prevent interobserver variability. The vertical distance from the shoulder of the implant to the 
�rst bone-to-implant contact was measured at both the distal and mesial site of the implant. 
For this VisiQuick so�ware (Citodent Imaging B.V, Amsterdam, the Netherlands) was used. 
Mesial and distal bone changes in this region were averaged and considered as radiographic 
bone height change. Bone height changes are expressed in mm.

�.�� Probing pocket depth
Probing depth was measured at six sites for each implant (mesiobuccal, labial, distobuccal, 
mesiolingual, lingual, distolingual) using a manual periodontal probe (Williams Colour Coded 
Probe; HuFriedy, Chicago, Il, USA). The distance between the marginal border of the mucosa 
and the tip of the periodontal probe was scored as the probing depth. The six scores were 
averaged resulting in a single score per implant expressed in millimeters.

�.�� Plaque index
The plaque index for each implant was measured on a scale of �/�/�/� (� = no plaque; � = a 
�lm of plaque adhering to the free gingival margin and adjacent area of the bar/implant. The 
plaque may be seen in situ only a�er application of disclosing solution or by using the probe 
on the tooth surface; � = moderate accumulation of so� deposits within the gin gival pocket, 
implant and gingival margin which can be seen with the naked eye; � = abundance of so� 
matter within the gingival pocket and/or on the tooth/implant and gingival margin (Löe & 
Silness, ����; Mombelli et al., ����).

�.�� Bleeding index
The BI for each implant was measured on a scale of �/�/�/� (�=no b leeding when probe 
is passed along the gingival margin; � = isolated bleeding, gingiva looks normal; �=blood 
forms a confluent red line on margins; � = heavy or profuse bleeding) (Löe & Silness, ����; 
Mombelli et al., ����).

�.�� Gingival index
The Gingival Index (GI) by Loe & Silness (����) was measured for each implant. GI scores the 
marginal tissue on a � to � scale (Löe & Silness, ����). The criteria are: � = normal gin giva; � 
= mild inflammation – slight change in colour and slight oedema, but no bleeding on probing; 
� = moderate inflammation – redness, oedema and glazing, bleeding on probing; � = severe 
inflammation – marked redness and oedema, ulceration with tendency to spontaneous 
bleeding. Bleeding is assessed by probing gently along the wall of so� tissue of the gingival 
sulcus. The GI of an individual implant was be obtained by adding the values of each side of 
the implant (distobuccal, midbuccal, mesiobuccal, distolingual, midlingual and mesiolingual) 
and dividing by the number of sides examined.

�.�� Complications
Complications were de�ned by a fracture of the implant, retention bar, �xture screw or overdenture.

�
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�.�� Feeling of oral dryness
All SjD-patients were asked to complete the EULAR (European League Against Rheumatism) 
Sjögren’s Disease Patient Reported Index (ESSPRI) questionnaire (Seror et al., ����) at T�. 
Only the dryness domain was reported to compare groups. 

�.�� Statistical analysis
It was assumed that clinical and patient-reported outcome of implants supporting an implant-
supported overdenture in SjD patients was not inferior compared to non-SjD patients (non-
inferiority hypothesis) A convenience sample was used. Di�erence between the groups in the 
outcome variables over time were analyzed with linear mixed model analysis (for the normally 
distributed continuous outcome variables) or with logistic Generalized estimating equations 
(GEE) analysis (for the dichotomous outcomes). Mixed model analysis and GEE analysis are 
used to take into account the dependency of the observations within the patient over time. 
The models included time (a categorical variable represented by dummy variables), group 
and the interaction between time and group. The analysis was adjusted for age and gender 
and was performed by a statistician (JWRT) unaware of group allocation. Data were analyzed 
with STATA (StataCorp, College Station, TX, USA). A p-value of �.�� or lower was considered 
statistically signi�cant.

Figure �.
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�. RESULTS
At the start of the study, we included �� patients in which �� implants wer e placed. Twenty-�ve 
patients completed the study between May ���� and September ���� of which �� pat ients 
in the SjD group and �� in the non-SjD group (�gure �).

Table �.  Characteristics of the study population.

Patient Variables
Sjögren’s Disease 

group
Non-Sjögren’s 
Disease group

N (patients) �� ��

Mean age (SD; min-max) ��.� (��.�; ��-��) ��.� (�.�; ��-��)

Female gender, n (%) �� (��.�%) �� (��.�%)

No. Smokers (� weeks prior to treatment) � �

Mean disease duration (years)� ��.� n/a

Primary SjD, n (%)� � (��.�%) n/a

SjD associated with another auto-immune disease, n (%)� � (��.�%) n/a

Autoantibodies to anti-SSA or anti-SSB(%) � (��%) n/a

Positive salivary gland biopsy (%) �� (��.�%) n/a

Objective ocular involvement (Schirmer test) (%) � (��.�%) n/a

Xerostomia: mean ESSPRI (SD: min-max) (dryness domain) �.� (�.��) �.� (�.��)

N (implants) �� ��

N implants upper:lower jaw ��:�� ��:��

� Disease duration is years since diagnosis. � Classi�ed according the ���� American European Consensus Group 
Criteria (AECG); All patients classi�ed as SjD associated with another auto-immune disease had rheumatoid 
arthritis (RA) (one of these patients was diagnosed with RA and �bromyalgia). � De�ned as the total EULAR 
(European League Against Rheumatism) Sjögren’s Disease Patient Reported Index (ESSPRI) score divided by �

One patient in the non-SjD group lost interest in the study and was lost to follow-up at T��. Only 
data from implants with a complete follow-up period were used in a per-protocol analysis. In 
the SjD group �� (�� upper jaw and �� lower jaw) and in the non-SjD group �� (�� upper jaw  
and �� lower jaw) implants were placed. Characteristics of the study population are presented 
in table � and medication use in the Supplementary Table �.

Chewing ability increased signi�cantly a�er placement of the implant- supported overdentures 
in the non-SjD group compared to baseline for so�, tough and hard food. In the SjD group 
signi�cant improvement in chewing ability compared to baseline was found for so� food and 
tough food but not for hard food. Patients without SjD were able to chew tough and hard food 
signi�cantly better at �, �� and �� months a�er placement of the overdentur e compared to 
patients with SjD (see table � and table � for exact p-values at all time-points).

�
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Supplementary Table �. Medication use in the SjD and non-SjD groups strati�ed according to the Anatomical 
Therapeutic Chemical (ATC) codes.

ATC Description of ATC group
Medication use 

SjD group (N=��)

Medication use 
non-SjD group 

(N=��)

A Alimentary tract and metabolism (incl Colecaliferol 
(vit-D), Ascorbic acid (vit-C) and Calcium carbonate 
(Calci-chew))

�� �

B Blood and blood forming organs � �

C Cardiovascular system � �

D Dermatologicals � �

G Genito-urinary system and sex hormones � �

H Systemic hormonal preparations, excluding sex 
hormones and insulins

� �

J Anti-infectives for systemic use � �

L Anti-neoplastic and immunomodulating agents � �

M Musculo-skeletal system (incl. anti-inflammatory and 
anti-rheumatic products)

� �

N Nervous system � �

P Antiparasitic products (incl. hydroxychloroquine) � �

R Respiratory system � �

S Sensory organs �� �

V Varia (i.e., over the counter drymouth relieving 
products)

� �

The mean age of the SjD patients (��.� years; SD: ��.�) was signi�cantly not di�erent compared to the age of 
the non-SjD patients (��.� years; SD: �.�; table �).
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Chapter �

Radiographic bone loss is the average of � measurements on the distal and mesial side of the 
implant expressed in mm. Probing depth is the average of � measurements on the distobuccal, 
buccal, mesiobuccal, distolingual/palatal, lingual/palatal and mesiol ingual/palatal sides 
expressed in mm. Chewing ability is the patients’ opinion about the ability to chew nine 
di�erent kinds of food on a three-point rating scale (� = good, � = moderate, � = bad). The items 
were grouped into three scales: so� food, tough food and hard food. Within group signi�cant 
di�erences (p<�.��) compared to baseline (T�) are marked with an asterisk ; Corresponding 
p-values are reported in the results section.

Table �.  Analysis of the di�erences between the Sjögren’s Disease group (�� implants in �� patients) and 
the non-Sjögren’s Disease group (�� implants in �� patients) for all outc ome measures a�er correction 
for gender and age.

��% CI

Radiographic boneloss Coe� P lower upper

T� -�.�� �.�� -�.�� �.��

T� �.�� �.�� -�.�� �.��

T�� �.�� �.�� -�.�� �.��

T�� �.�� �.�� -�.�� �.��

Gingival Index Coe� P lower upper

T� �.�� �.�� -�.�� �.��

T� �.�� �.�� -�.�� �.��

T�� �.�� �.�� -�.�� �.��

T�� �.��� �.�� -�.�� �.��

Plaque Index Coe� P lower upper

T� �.�� �.�� �.�� �.��

T� �.�� �.�� �.�� �.��

T�� �.�� �.�� �.�� �.��

T�� �.�� �.�� �.�� �.��

Bleeding Index Coe� P lower upper

T� �.�� �.�� �.�� �.��

T� �.�� �.�� �.�� �.��

T�� �.�� �.�� �.�� �.��

T�� �.�� �.�� �.�� �.��

Probing pocket depth Coe� P lower upper

T� �.��� �.�� -�.�� �.��

T� -�.�� �.�� -�.�� �.��

T�� �.�� �.�� -�.�� �.��

T�� -�.�� �.�� -�.�� �.��

[continued on next page]
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Table �. [continued]

��% CI

Chewing ability: so� food Coe� P lower upper

T� -�.�� �.�� -�.�� �.���

T� �.�� �.�� -�.�� �.��

T� -�.�� �.�� -�.�� �.��

T�� -�.�� �.�� -�.�� �.��

T�� -�.�� �.�� -�.�� �.��

Chewing ability: tough food Coe� P lower upper

T� -�.�� �.�� -�.�� �.��

T� -�.�� �.�� -�.�� �.��

T� -�.�� �.��* -�.�� -�.��

T�� -�.�� �.��* -�.�� -�.��

T�� -�.�� �.��* -�.�� -�.��

Chewing ability: hard food Coe� P lower upper

T� �.�� �.�� -�.�� �.��

T� -�.�� �.�� -�.�� -�.���

T� -�.�� �.���* -�.�� -�.���

T�� -�.�� �.��* -�.�� -�.��

T�� -�.�� �.��* -�.�� -�.��

OHIP-�� Coe� P lower upper

T� -�.�� �.�� -��.�� �.��

T� -�.�� �.�� -��.�� �.��

T� -�.�� �.���* -��.�� -�.��

T�� -�.�� �.��� -��.�� �.��

T�� -�.�� �.��� -��.�� �.��

OHRQoL was signi�cantly improved in the SjD group and the non-SjS compared to baseline 
at all timepoints (table �).

The changes in the summated OHIP-�� score a�er placement of the implant-supported 
overdentures changed in both groups more than � OHIP units compared to baseline indicating 
a clinically relevant improvement up to �� months. At baseline the summated OHIP-�� score 
was higher in the SjD group (M=��.�) compared to the non-SjD group (M=��.�). Althou gh this 
di�erence was not signi�cant (p=�.��) it did surpass the MID of � OHI P units. A�er placement of 
the implant-supported overdentures the mean summated OHIP-�� score was only signi�cantly 
lower at T� in the non-SjD group (M=��.�) compared to the SjD group (M=��.�; p=�.� ��). We 
also analysed the OHIP-�� for every item separately (table �). It was found that in both groups 
most items improved signi�cantly compared to baseline. 

�
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Furthermore, it was found that in the SjD group the items ‘Trouble pronouncing words’, ‘Discomfort 
eating food’ and ‘Interrupted meals’ were signi�cantly higher at most time points compared to 
the non-SjD group. Interestingly, SjD patients experienced signi�cantly more pain in their mouths 
before placement of the implant-supported overdenture compared to the non-SjD patients 
(p=�.���). This di�erence disappeared a�er insertion of the implant-sup ported overdenture.

Patients’ satisfaction increased signi�cantly a�er placement of the im plant-supported 
overdentures in the non-SjD group compared to baseline for all items except for aesthetics 
(table �).

In the SjD group, signi�cant improvement in satisfaction compared to baseline was found for 
items ‘Aesthetics’, ‘complaints related to the lower denture’ and ‘Complaints related to the 
upper denture’.

Before placement of the implant-supported overdentures the SjD group (M=�.��) had signi�cant 
more complaints related to the upper denture compared to the non-SjD group (M=�.��; 
p=�.���). Interestingly, non-SjD patients had signi�cantly more com plaints about the lower 
denture compared to the SjD group (M=�.�� and �.��, respectively; p=�.��� ).

Implant survival was ���% in the SjD group and ��% in the non-SjD group. One implant wa s 
lost in the non-SjD group due to mobility and pain at T��. At all timepoints, marginal bone loss 
was higher in the non-SjD group compared to the SjD group but the Mixed Models analysis 
revealed no signi�cant di�erences in mean marginal bone loss between both groups at all 
timepoints (table �). For pocket depth, GI, PI and BI no signi�cant di�erences were found at 
all time points (see tables �, � and Supplementary Table �).

Plaque Index was measured on a scale of �/�/�/� (� = no plaque; � = a �lm of plaque a dhering 
to the free gingival margin and adjacent area of the implant; � = moderate accumulation of 
so� deposits within the gingival pocket, or the implant and gingival margin which can be 
seen with the naked eye; � = abundance of so� matter within the gingival pocket and/or on 
the tooth/implant and gingival margin. Bleeding Index for each implant was measured on a 
scale of �/�/�/� (� = no bleeding when probe is passed along the gingi val margin; � = isolated 
bleeding, gingiva looks normal; � = blood forms a confluent red line on margins; � = heavy 
or profuse bleeding

�. DISCUSSION
No implants were lost in the SjD group and � implant was lost in the non-SjD group. This result 
is comparable to the �ndings of two systemic reviews of implant-supported overdentures in 
non-SjD patients (Slot et al., ����; Vercruyssen et al., ����). Our resul ts are also in line with 
the results from a retrospective study investigating the implant survival and performance in 
patients with SjD (Korfage et al., ����). 

�
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We found higher, but not signi�cant di�erent BI scores in the non-SjD group at all timepoints. 
It could be speculated that this could have a long-term e�ect which was not yet measurable 
in our study as long-standing inflammation of the gingiva could result in an increase of loss 
of bone. This di�erence could possibly be explained by that SjD patients may be more aware 
of the importance of good oral hygiene and therefore make more e�ort to clean the implants. 
Cross-sectional studies have shown that dentate patients with SjD have a high caries experience 
despite good oral hygiene (Almståhl et al., ����). Boutsi et al ., ���� found that SjD patients 
were characterized by having lower salivary secretion rates, better oral hygiene habits, 
slightly higher gingival scores, but similar plaque scores, compared to the non-SjD patients. In 
addition, non-SjD patients participating in our study may have lost their dentition prematurely 
as a result of poor oral hygiene and poor oral hygiene may persist a�er placing implants 
despite oral hygiene instructions. It should be noted that in our previous study, investigating 
implant-supported crowns in dentate patients, the opposite was found. Those SjD patients 
seemed to have more signs of peri-implant so� tissue inflammation despite comparable 
pocket-probing depths compared to non-SjD patients. In that study, we speculated that these 
signs of inflammation could be related to the reduced salivary secretion in patients with SjD 
as well as the subsequent diminished self-clearance of the oral cavity (Korfage et al, ����). 
That in the edentulous patients the opposite was found could be explained by the ease with 
which the titanium bar can be cleaned compared to a �xed crown on an implant. This is also 
described in a study by Heydecke et al in which cleaning a bar is described as easier than 
cleaning a �xed bridge on implants (Heydecke et al., ����).

A�er placement of implant-supported overdentures, the patients without SjD patients experienced 
signi�cant improvements a�er � months compared to patients wit h SjD for their ability to chew 
though and hard food. Moreover, patients with SjD did experience improvement compared 
to baseline in the ability to chew so� and though food but not for hard food. Therefore, it 
could be concluded that implant-supported overdentures improve the ability to chew for SjD 
patients, but that a larger improvement is found in non-SjD patients. This might be explained 
by the e�ect of the severe oral dryness the SjD patients are experiencing. Their problems with 
eating are not only related to the ability to use a denture but also to the ability to lubricate the 
mouth and swallow the food.

A limitation of this study is that we were not able to �nd a gender matched non-SjD group. In the 
SjD group no males could be included. We decided to include female and male patients in the 
non-SjD group because it was di�cult to �nd patients without SjD that were willing t o participate 
in our study. Therefore, we adjusted our analysis for gender. This was especially important 
for the analysis of the Oral Health Related QoL measured using the OHIP-�� questionnaire 
because in previous research it was found that OHIP-�� scores of males were lower compared 
to females (Kang & Kang, ����).
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�. CONCLUSION
From this study it can be concluded that replacing conventional dentures by implant-supported 
overdentures improves the OHR-QoL of SjD-patients. Furthermore, dental implants to support 
overdentures in patients with SjD show a clinical performance comparable to implants in 
patients without SjD up to �� months.

�
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Chapter �

GENERAL DISCUSSION
Sjögren’s Disease (SjD) is an auto-immune disorder, associated with a variety of problems, 
many of which have daily consequences. The aim of this thesis is to provide an overview of 
the oral problems associated with SjD and explore possible solutions for these problems.

This thesis investigated the prevalence and oral health sequelae of Sjögren’s disease (SjD), 
focusing on its impact on tooth loss, periodontal health and the clinical performance of dental 
implants. The research also assessed the e�ectiveness of implant-supported dentures or 
restorations in improving the quality of life of patients with Sjögren’s disease (SjD), by comparing 
their outcomes with those of healthy controls. In summary, the �ndings of this thesis highlight 
that patients with Sjögren’s disease experience higher rates of tooth loss and other oral health 
challenges, mainly due to reduced salivary secretion. Despite these challenges, however, 
implant-supported dentures or restorations have been shown to e�ectively restore function 
and improve quality of life. However, persistent oral dryness and related issues continue to 
negatively a�ect oral health and quality of life. Further long-term studies are needed to evaluate 
implant survival and the influence of SjD-related factors on peri-implant health.

In Chapter � , we highlighted that discrepancies in prevalence rates of SjD are o�en attributed 
to the di�erent classi�cation criteria used for diagnosing SjD. The EU and AECG criteria di�er 
signi�cantly, particularly regarding exclusion factors such as lymphoma or immune de�ciencies, 
which may contribute to variations in reported prevalence (Vitali et al., ����, ����). Interestingly, 
despite the more stringent AECG criteria, the overall prevalence remained comparable to the EU 
criteria, suggesting that stricter diagnostic criteria do not necessarily yield lower prevalence 
estimates.

The gender bias inherent in many studies, including those reviewed in this thesis, warrants 
attention (Bowman et al., ����; Dafni et al., ����; Kabasakal et al., ����). Since Sj D predominantly 
a�ects women, studies focusing only on female patients risk overestimating its prevalence 
in the general population. Additionally, age is another crucial factor, as the peak incidence of 
SjD occurs around the age of ��, which means studies among older populations tend to report 
higher prevalence rates. Response biases further complicate prevalence estimates. Several 
studies showed low response rates, which could lead to skewed �ndings (Anagnostopoulos et 
al, ����; Thomas et al., ����; Tomsic & Rozman, ����). This issu e was particularly evident in 
studies that relied on self-reported data without clinical con�rmation o f the diagnosis (Narváez 
et al., ����). We also observed di�erences in dropout rates in the studies we reviewe d, which 
may have introduced biases that a�ect the validity of the �ndings. Similarly, our own study, 
which relied on academic dental clinic records, may have led to an overestimation of the 
prevalence of Sjögren’s disease (SjD) in the Netherlands. This is because patients with SjD 
experience oral health problems more frequently and are therefore more likely to be referred 
to specialised clinics.
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Limitations in data collection, such as the exclusion of non-English language studies and the 
limited search within PubMed, also constrain the generalizability of our �ndings. The lack 
of diversity with regard to geographical and ethnic representation in the studies reviewed 
might have led to under- or overestimates of the prevalence of SjD in non-Western populations 
(Gøransson et al., ����; Tsuboi et al., ����).

Future research on the prevalence of SjD should focus on addressing the limitations identi�ed 
in this thesis. Studies should aim to include a broader demographic range, accounting for ethnic 
and geographical di�erences to provide a more accurate global picture of SjD prevalence. 
Additionally, methodological improvements are needed, such as higher response rates and 
a con�rmation of the SjD diagnoses through clinical examinations and tests. Longitudinal 
studies could be valuable in capturing the natural progression of SjD and its impact on quality 
of life. Finally, further research should be conducted on the socioeconomic factors and access 
to healthcare, that may influence the diagnosis of SjD and treatment.

In Chapters � and � , we examined the oral sequelae associated with SjD, speci�cally focusing 
on tooth loss, dental caries, and periodontal disease. Our �ndings demonstrated that SjD 
patients experience signi�cantly higher rates of tooth loss compared to healthy individuals, 
particularly in the anterior maxilla. This result aligns with previous studies that have reported 
early tooth loss and high rates of edentulism among SjD patients, o�en before the age of �� 
(Baudet-Pommel et al., ����; Christensen et al., ����). The higher rate of to oth extractions 
observed in our study may be attributed to the reduced salivary secretion, which has been 
shown to increase the susceptibility to caries. Furthermore, an altered saliva composition 
further impairs the protective mechanisms against caries (Aliko et al., ���� ; Dawes et al., ����). 
The importance of mucins, which are vital in preventing bacterial adhesion and promoting 
lubrication, becomes evident in this context (Chaudhury et al., ����; Levine , ����). SjD 
patients have diminished mucin production or impaired mucin function, making it easier 
for cariogenic bacteria to adhere to tooth surfaces (Castro et al., ����; Nieuw A merongen & 
Veerman, ����). However, due to the retrospective nature of our study, we were unable to 
measure salivary secretion and composition. Determining salivary secretion and composition 
in prospective studies could provide further insight into the relationship between these factors 
and oral health outcomes. 

Interestingly, our data also revealed a distinction in tooth loss between primary and secondary 
SjD patients, with the latter group (those with associated rheumatoid arthritis) showing a 
greater tendency for tooth loss in the anterior maxilla. This observation could be related to the 
more advanced age of the secondary SjD patients or to the additional impact of rheumatoid 
arthritis, where musculoskeletal limitations could impair oral hygiene (Häkkinen et al., ����; 
Müller et al., ����). Given the potential for rheumatoid arthrit is to exacerbate periodontal 
disease (de Pablo et al., ����), future studies should focus on the speci�c inter play between 
SjD and other autoimmune conditions like rheumatoid arthritis regarding of oral health.

�
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Although the risk of periodontal disease in SjD patients has been debated, our �ndings in 
Chapter � show no signi�cant increase in periodontal disease severity compared to control 
groups. Studies included in our meta-analysis demonstrated varied results regarding periodontal 
health of SjD patients. Some studies found no signi�cant di�erences in clinical parameters 
such as probing depth or clinical attachment level (Kuru et al., ����; Márton et al ., ����; 
Pedersen et al., ����; Tseng, ����), while others indicated an increased risk of p eriodontal 
disease in SjD patients (Antoniazzi et al., ����; Ergun et al., ����; Le Gall et al., ��� �; Najera 
et al., ����). A recent study by Reckelkamm et al. (����) was not included in our revie w. 
They performed a genome-wide association study of the association of SjD with caries and 
periodontitis. Their conclusion that SjD promotes periodontitis is in contrast to our systematic 
review which concluded that SjD is not a risk factor for periodontitis. A plausible explanation 
for this discrepancy is the rapid onset of caries in SjD patients, which leads to tooth loss 
before periodontal disease can develop (Vissink et al., ����). This �nding is s imilar to those 
observed in patients with hyposalivation resulting from radiotherapy, in which severe enamel 
demineralisation occurs over a short period of time (Jansma et al., ����). Unlik e periodontitis, 
gingivitis is a common problem in SjD, consisting mainly of bleeding at the gum margin a�er 
probing, which is related to increased plaque accumulation (Korfage et al., ����). A systematic 
review (Yang et al., ����) showed that, although bleeding on probing, p laque index and 
gingival index were slightly higher in patients with Sjögren’s syndrome, pocket probing depth 
was not. They also concluded that there is a positive correlation between periodontitis and 
Sjögren’s disease (SjD), but in clinical reality, periodontitis is rare when adjusted for covariates 
(e.g. age, sex and diabetes mellitus) (Aga et al., ����). Give n that gingivitis can indeed be 
present, it could be expected that a genome-wide association analysis would identify markers 
of periodontitis. However, one might question whether this result has any clinical relevance 
given that SjD is not a risk factor for periodontitis in clinical reality.

The limitations of our study, including the lack of detailed patient data on preventive oral 
care, disease duration, and salivary secretion rates, must be acknowledged. Moreover, as 
the study population was drawn from specialized dental centers, the �ndings may not be fully 
representative for the general SjD population, which could have led to an overestimation of 
the severity of oral health issues. The fact that patients in academic dental clinics are o�en 
referred for more severe cases of SjD-related oral health problems suggests that our results 
may not be generalized to all SjD patients.

Given the complexity of SjD and its impact on oral health, future studies should aim to overcome 
the limitations noted above. Longitudinal studies that follow SjD patients over time would 
help clarify the causal relationships between salivary dysfunction, caries, and tooth loss. 
Additionally, studies investigating the role of speci�c salivary components, such as mucins, in 
oral health could provide new ideas for more targeted interventions to improve the oral care of 
SjD patients. Also exploring the impact of comorbid conditions, such as rheumatoid arthritis, 
on the oral health of patients with secondary SjD would also shed light on the compounded 
e�ects of multiple autoimmune diseases on oral health.
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Furthermore, studies that investigate the e�ectiveness of preventive dental care in SjD patients—
especially in terms of reducing the progression of caries and the incidence of tooth loss—would 
be bene�cial. Given the signi�cant association between hyposalivat ion and dental decay in 
SjD patients, investigating the potential therapeutic bene�ts of, for example, stimulating 
the saliva flow rate or the use of toothpaste with a high fluoride concentration could help to 
mitigate the oral health challenges faced by these patients.

In Chapters � and � , we explored the clinical performance of dental implants and implant-
supported overdentures in patients with SjD, comparing them to matched non-SjD control 
patients. Our �ndings indicate that dental implants perform similarly in SjD patients and non-
SjD controls, with no implants lost in the SjD group and only one implant lost in the non-SjD 
group before the superstructure was placed. This result is consistent with previous studies, 
which reported high implant survival rates in both SjD and non-SjD populations (Derks et 
al., ����; Korfage et al., ����). The low number of implant loss in our study supports the  
notion that dental implants are a viable treatment option for SjD patients, even though the 
severity of oral dryness and other oral health challenges remains a concern for long-term 
outcomes. Previous studies have noted signs of peri-implant so� tissue inflammation in SjD 
patients, despite comparable probing depths to controls, which may be attributed to reduced 
salivary secretion and compromised self-cleansing of the oral cavity (Pijpe et al., ����). In 
SjD patients, debris accumulation due to the lack of salivary secretion is more likely, leading 
to chronic exposure to inflammation triggering factors. This could cause gingival swelling 
and bleeding over time. Although our study did not �nd statistically signi�cant di�erences in 
these parameters, the possibility of long-term e�ects warrants further investigation. Recently, 
a study investigated the success of dental implants in SjD patients � years a�er placing the 
suprastructure. In line with our results, they concluded that replacement of missing single 
teeth with dental implants is successful in patients with SjD up to � years a�er placing the 
suprastructure. It should be mentioned that the gingival index score was signi�cantly higher 
in SjD patients compared to the control group suggesting that in the long-term more peri-
implantitis could occur (Hosseini et al., ����).

In terms of patient-reported outcomes, we found that patients with SjD had lower scores in oral 
health-related quality of life (OHR-QoL) compared to controls at baseline and all subsequent 
timepoints. However, patients with SjD did report signi�cant improvements in their OHR-
QoL a�er receiving implant-supported crowns, indicating that replacing missing teeth can 
improve the quality of life for these patients. This �nding aligns with studies indicating that 
tooth replacement can enhance the overall quality of life of patients, although the persistent 
challenges of oral dryness and its associated symptoms continue to a�ect their chewing 
function and comfort (Brennan et al., ����; Hildebrandt et al., ����; Leake e t al., ����). 
Despite improvements, the OHR-QoL scores in the SjD group remained signi�cantly lower 
than those in the non-SjD group, highlighting the ongoing impact of SjD on daily oral function 
and health-related quality of life.

�
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The results of the study described in Chapter � , in which we evaluated the performance of 
implant-supported overdentures in edentulous SjD patients, were consistent with the �ndings 
presented in Chapter � . Implant survival was excellent in both the SjD and non-SjD groups, 
with no implants lost in the SjD group and only one lost in the non-SjD group. However, as in 
Chapter �,  we observed that SjD patients experienced less improvement in their chewing ability 
compared to the non-SjD group. This could be attributed to the persistent di�culties caused 
by hyposalivation, which not only impairs chewing but also the ability to lubricate the mouth 
and swallow food. Despite some improvement in chewing function, particularly for so� and 
tough food, the limitations due to dry mouth likely restricted the extent of this improvement.

We found that SjD patients reported higher summated baseline OHR-QoL scores compared to 
the non-SjD group, which improved signi�cantly and clinically relevant post-implant treatment 
for both groups. This improvement could be a reflection of the psychological and social 
bene�ts of tooth replacement, as the restoration of function and aesthetics is o�en a key 
determinant of OHR-QoL (Korfage et al., ����). However, despite these improvements, patients 
with SjD still reported a lower overall quality of life compared to their non-SjD counterparts. 
This underscores the complex nature of SjD, where oral dryness and associated symptoms 
o�en have a far-reaching impact on quality of life, even a�er restorative/prosthodontic dental 
procedures. Interestingly, we found higher, but not signi�cant di�er ent bleeding index scores 
in the edentulous non-SjD group at all timepoints compared to the edentulous SjD group. The 
opposite was found in our study investigating dental implants in dentate SjD patients. Those 
SjD patients seemed to have more signs of peri-implant so� tissue inflammation despite 
comparable pocket-probing depths compared to non-SjD patients. In that study, we speculated 
that these signs of inflammation could be related to the reduced salivary secretion in patients 
with SjD as well as the subsequent diminished self-clearance of the oral cavity (Korfage et al., 
����). The opposite observation in the edentulous patients could be expla ined by the ease 
with which the titanium bar can be cleaned compared to a �xed crown on an implant. This is 
also described in a study by (Heydecke et al., ����) in which cleaning a bar is describe d as 
easier than cleaning a �xed bridge on implants.

A signi�cant limitation of both studies in Chapters � and �  is the lack of gender- and age-
matched controls. The inclusion of male patients in the non-SjD group, while necessary to 
ensure adequate sample size, could have introduced bias, as gender di�erences in oral health 
perceptions and behaviors are well documented. Adjusting for gender in our analyses helped 
account for this potential bias, but future studies should aim for more balanced control groups. 
Additionally, the inclusion of both primary and secondary SjD patients, particularly those with 
associated rheumatoid arthritis (RA), may have a�ected the results, as RA is known to be a 
risk factor for periodontal disease (de Pablo et al., ���� ). Further research that separately 
analyzes SjD patients with or without an associated rheumatic disease is warranted.

Future studies should also extend the follow-up period to assess the long-term survival and 
performance of dental implants in SjD patients. The current literature lacks long-term data 
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on implant outcomes in this patient population, especially in terms of peri-implant tissue 
health and the progression of bone loss. Studies with follow-up periods of �–�� years would 
provide valuable information on the durability of implants and the need for maintenance or 
interventions in SjD patients, particularly as these patients are at risk for accelerated bone 
loss due to systemic inflammation and reduced salivary secretion rate.

Lastly, incorporating more objective measures of salivary function, including flow rate and 
composition, especially the presence of mucins, would provide a clearer understanding of 
how SjD a�ects peri-implant tissue health.

In conclusion, the research presented in this thesis has improved our understanding of the oral 
health challenges faced by patients with SjD, particularly with regard to tooth loss, periodontal 
disease and the success of dental implants. Although dental implant-supported restorations 
and/or dentures are an e�ective solution for replacing missing teeth in patients with SjD, the 
persistent issue of dry mouth and its associated symptoms continue to impact their overall 
oral function and quality of life. Further long-term studies are needed to explore the survival 
and performance of dental implants in patients with Sjögren’s disease, and to determine the 
most e�ective oral health management strategies. This research has important implications 
for clinicians and patients alike, emphasising the need for comprehensive oral care strategies 
in the management of SjD.

�
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SUMMARY
Sjögren’s Disease (SjD) is an autoimmune inflammatory disorder of the exocrine glands and 
particularly a�ects the lacrimal and salivary glands. Severe oral dryness is reported as a 
presenting symptom by ��% of the SjD patients. Many SjD patients also su�er from nonspeci�c 
symptoms, such as malaise and fatigue. The reported prevalence of SjD ranges from �.��% 
to �%, making it the second most common autoimmune disease. SjD has a strong female 
preference (female to male ratio �:�).

Damage to the saliva producing cells progressively reduces the quantity and quality of saliva. 
Due to the induced hyposalivation, SjD-patients are at risk of su�ering from xerostomia 
complaints (severe feeling of dry mouth), eating and swallowing problems, reduced taste 
perception, progressive dental decay and erosion, inflammation of the oral mucosa, and lack 
of retention of removable dentures. Together, this can lead to a signi�cant reduction in the 
quality of life [�]. Therefore, the aim of this thesis was to investigate dental sequela of SjD to 
have a better understanding of the implications on oral health. Additionally, we investigated 
the success of dental implants and implant-supported overdentures in the oral rehabilitation 
of SjD patients.

Since the globally reported prevalence of SjD shows a wide variation and data speci�c to the 
Netherlands have been lacking, we investigated the prevalence of SjD in chapter � . Initially, 
we �rst performed a comprehensive literature search in the PubMed database, a�er which we 
were able to include �� studies investigating the prevalence or incidence of SjD. The reported 
prevalence ratio varied from �.���% to �.�%. The overall poo led prevalence ratio of SjD using 
the AECG criteria was �.���%, while the pooled prevalence of SjD using the EU criteria was 
�.���%. The overall pooled incidence ratio was �.� (��%CI �.� to �.�) per ���.� �� person-
years.. As no speci�c data about the prevalence of SjD in The Netherlands were available, 
we determined the prevalence of SjD among patients visiting in two Dutch academic dental 
clinics. The electronic health record systems of both dental clinics were automatically searched 
for patients su�ering from SjD. It was found that the prevalence was �� per ���,�� � at the 
Academic Centre for Dentistry Amsterdam (ACTA, Amsterdam, The Netherlands) and ��� per 
���,��� at the department of Dentistry, Radboud University Medical Centr e (Nijmegen, The 
Netherlands) suggesting a prevalence of �.�� to �.��% in the Netherlands.

The aim of the study described in chapter � was to analyze the prevalence and location of tooth 
loss in SjD patients and compare them with an age- and gender-matched control group. To 
investigate this, we retrieved the dental charts and x-rays of ��� SjD patien ts from the Academic 
Centre for Dentistry Amsterdam (ACTA, Amsterdam, The Netherlands) and the centre for special 
dental care dentistry (Stichting Bijzondere Tandheelkunde, Amsterdam, The Netherlands). 
For each SjD patient, an age- and gender-matched non-SjD patient was randomly selected. 
Number of extracted teeth, location and date of extractions, and medication were assessed. 
It was found that signi�cantly more SjD patients were edentulous compared to the non-SjD 
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group (��.�% versus �.�%, p = �.���). SjD patients had a ��% higher risk to have exp erienced 
one or more extractions than control patients. In the SjD group, there was a non-signi�cant 
tendency for more maxillary teeth to have been extracted than mandibular teeth (��:��). In 
the control group, the number of extractions in the maxilla and mandible were comparable 
(��:��). When strati�ed into sextants, for each sextant the number of SjD patie nts with one or 
more extractions was signi�cantly higher than for non-SjD patients (p = �.��� to p = �.���). 
The largest di�erence in the proportion of patients with one or more extractions between the 
SjD and non-SjD patients occurred in the upper anterior sextant (�.� times more frequent).

Conflicting results have been reported whether SjD patients are at increased risk of developing 
periodontal disease. Therefore, we systematically reviewed the literature on the prevalence of 
periodontal disease in patients with SjD (chapter � ). Out of ��� studies identi�ed in the Medline 
and Central databases, �� studies were eligible for quantitative synthesis . We performed 
meta-analyses for the data reported in these studies regarding gingival index (GI), plaque index 
(PI), probing pocket depth (PPD), clinical attachment level (CAL), DMFT and DMFS (Decayed 
Missing Filled Teeth, respectively, Surfaces). The meta-analyses did not found signi�cant 
di�erences for CAL, GI, PPD and PI between SjD patients and controls, which suggests that 
there is no evidence of a higher risk for periodontal disease in patients with SjD. In the meta-
analyses, DMFT and DMFS values were higher in SjD patients than controls. This indicates 
that SjD patients are more susceptible to caries compared to non-SjD subjects, which is in 
alignment with the increased loss of teeth in SjD patients reported in chapter � of this thesis.

Since SjD patients are more prone to tooth loss compared to non-SjD patients, we were interested 
in the success of oral rehabilitation using dental implants in SjD patients. Dental implant 
treatment is a clinically validated and practice-proven therapy for the replacement of teeth. No 
prospective clinical trials have been published in which the survival and success of implants 
in patients with SjD were investigated and compared to healthy subjects. Only retrospective 
studies and case series reported on the use of dental implants in patients with SjD, o�en with 
favorable outcomes, but also with less favorable outcomes such as an above average loss of 
implants. Therefore, we compared the clinical performance and patient-reported outcomes 
of dental implants (chapter � ) and implant-supported overdentures (chapter � ) in patients 
with SjD compared to patients without SjD in prospective studies.

In chapter �  the results of a prospective study on the clinical performance of dental implants 
in dentate SjD patients and non-SjD patients are presented. Thirty-seven implants were 
placed to replace missing (pre)molars in �� patients with SjD and �� implants in �� non -SjD 
patients. Clinical performance, marginal bone-level changes, patient satisfaction, and oral 
health-related quality of life (OHRQoL) were assessed at � (T�), � (T�), �� ( T��), and �� (T��) 
months a�er placement of the superstructure. Marginal bone-level changes were measured 
on standardized dental radiographs. Clinical parameters included implant and crown survival, 
plaque, bleeding and gingival indices, and probing depth. Patient satisfaction and OHRQoL 
were assessed with validated questionnaires. Implant survival at T�� was ���% in the patients 

�
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with SjD and ��.�% in the non-SjD group. Mean marginal bone loss at T�� did not di�er 
between patients with SjD and non-SjD patients, �.�� ± �.�� and �.�� ± �.�� mm, respectively 
(p = .��). Clinical performance was good with no di�erences between the groups for all outcome 
measures (p > .��). OHRQoL in patients with SjD had improved signi�cantly a�er placement 
of implant-supported crowns at all measurement time points compared to baseline (p < .��). 
Nevertheless, patient satisfaction and OHRQoL remained signi�cantly lower for SjD-patients at 
all time points (p < .��). Taken together, this indicates that dental implants can be successfully 
applied in dentate patients with SjD, have a positive e�ect on their OHRQoL, but nevertheless 
their OHRQoL will remain lower than that of non-SjD subjects.

In chapter �  we present the results of a prospective study on patient-reported outcomes and 
clinical performance of implant-supported overdentures in edentulous SjD patients compared 
to edentulous non-SjD subjects. Fi�y-one dental implants were placed in �� pa tients with SjD 
and �� implants in �� non-SjD patients to support overdentures. Clinical perfo rmance, marginal 
bone-level changes, patient satisfaction and oral health related quality of life (OHRQoL) were 
assessed at � (T�), � (T�), �� (T��) and �� (T��) months a�er placement of the over denture. 
Patient satisfaction, ability to chew and OHRQoL were assessed with validated questionnaires. 
Marginal bone-level changes were measured on standardized dental radiographs. Clinical 
parameters included implant and overdenture survival, plaque, bleeding and gingival indices, 
and probing depth. Implant survival at T�� was ���% in the patients with SjD and ��% in t he 
non-SjD group. Mean marginal bone loss at T�� did not di�er between patients with SjD and 
non-SjD patients, �.��±�.�� mm and �.��±�.�� mm, respectively (p=�.��) . Clinical performance 
was good with no di�erences between the groups for all outcome measures (p>�.��). It was 
found that in patients with SjD the OHRQoL improved signi�cantly a�er placement of implant-
supported overdentures at all measurement time points (p<�.��). Nevertheless, the ability to 
chew tough and hard food was signi�cantly better for non-SjD patients a�er placement of an 
implant-supported overdenture at all timepoints (p<�.��). It was conclu ded that dental implants 
can be successfully applied in edentulous patients with SjD with nearly similar outcomes as in 
non-SjD subjects and the implant-supported overdentures have a positive e�ect on OHRQoL 
in SjD and non-SjD subjects.

Overall, we conclude that SjD patients face a range of dental challenges including premature 
loss of teeth. This loss of teeth is not the result of an increased risk of periodontitis, but rather 
from an increased susceptibility to develop caries. The latter is presumably due to the reduced 
secretion of saliva, which reduces its protective and cleansing and e�ect. Our prospective 
clinical studies have shown that in SjD lost teeth can successfully be replaced by implant 
supported overdentures or restorations. Nevertheless, the overall oral health satisfaction of 
SjD patients remains lower than that of individuals without SjD. Further studies on the factors 
responsible for this lower satisfaction are warranted.

179852_Maarse_BNW-def.indd   136179852_Maarse_BNW-def.indd   136 06-11-2025   09:2806-11-2025   09:28



137

Summary

�

179852_Maarse_BNW-def.indd   137179852_Maarse_BNW-def.indd   137 06-11-2025   09:2806-11-2025   09:28



179852_Maarse_BNW-def.indd   138179852_Maarse_BNW-def.indd   138 06-11-2025   09:2806-11-2025   09:28



APPENDICES

179852_Maarse_BNW-def.indd   139179852_Maarse_BNW-def.indd   139 06-11-2025   09:2806-11-2025   09:28



140

Appendices

179852_Maarse_BNW-def.indd   140179852_Maarse_BNW-def.indd   140 06-11-2025   09:2806-11-2025   09:28



141

Authors contributions

AUTHORS’ CONTRIBUTIONS
Chapter �
The prevalence of Sjögren’s Disease in dental clinics in the Netherlands compared with the 
prevalence in a systematic literature review of studies in other countries.
Floor Maarse , Jitse F Huisinga , Derk Hendrik Jan Jager, Henk S Brand
Conceptualization: Derk Jan Jager and Henk Brand; methodology: Floor Maarse and Jitze 
Huisinga; formal analysis: Jitze Huizinga and Henk Brand; investigation: Jitze Huisinga; data 
curation: Henk Brand; writing—original dra� preparation: Floor Maarse and Jitze Huisinga; 
writing—review and editing, Henk Brand, Derk Jan Jager; supervision, Derk Jan Jager and Henk 
Brand. All authors have read and agreed to the published version of the manuscript.

Chapter �
Tooth loss in Sjögren’s Disease patients compared to age and gender matched controls.
F. Maarse, D.H.J. Jager, T. Forouzanfar, J. Wol�, H.S. Brand
Conceptualization, Derk Jan Jager and Henk Brand; methodology: Floor Maarse; formal analysis: 
Henk Brand; investigation: Floor Maarse; writing—original dra� preparation: Floor Maarse and 
Jan Wol�; writing—review and editing: Henk Brand, Derk Jan Jager; supervision, Derk Jan Jager 
and Henk Brand All authors have read and agreed to the published version of the manuscript.

Chapter �
Sjögren’s Disease is not a risk factor for periodontal disease: a systematic review.
F. Maarse, D.H.J. Jager, S. Alterch, A. Korfage, T. Forouzanfar, A. Vissink, H.S. Brand
Conceptualization, Derk Jan Jager and Henk Brand; methodology: Floor Maarse and Sana 
Alterch.; formal analysis: Henk Brand; investigation: Sana Alterch; data curation: Henk Brand; 
writing—original dra� preparation, Floor Maarse and Sana Alterch; writing—review and editing, 
Derk Jan Jager, Henk Brand; supervision: Derk Jan Jager, Henk Brand, Arjan Vissink and Tim 
Forouzanfar.
All authors have read and agreed to the published version of the manuscript.

Chapter �
Dental implants in dentate primary and secondary Sjögren’s Disease patients: a multicenter 
prospective cohort study
F. Maarse, W. Fennis, J.W.R. Twisk, A. Korfage, H.J. Santing, L. den Hartog, M.S.M. Muradin, 
M.S. Maningky, G.M. Raghoebar, A. Vissink, H.S. Brand, D.H.J. Jager
Floor Maarse: Conceptualization (supporting); data curation (equal); formal analysis (supporting); 
investigation (equal); project administration (lead); resources (equal); writing – original dra� 
(lead). Willem Fennis: Conceptualization (supporting); data curation (supporting); investigation 
(equal); methodology (supporting); project administration (equal); resources (equal); writing 
– original dra� (supporting); writing – review and editing (equal). Jos Twisk: Formal analysis 
(lead); methodology (equal); writing – original dra� (equal); writing – review and editing 
(equal). Arjan Vissink: Conceptualization (supporting); formal analysis (supporting); investigation 

A

179852_Maarse_BNW-def.indd   141179852_Maarse_BNW-def.indd   141 06-11-2025   09:2806-11-2025   09:28



142

Appendices

(supporting); methodology (equal); validation (equal); writing – review and editing (lead). Henk 
S Brand: Formal analysis (equal); methodology (supporting); supervision (equal); validation 
(supporting); writing – original dra� (equal); writing – review and editing (equal). Derk Jan 
Jager: Conceptualization (lead); data curation (lead); formal analysis (supporting); funding 
acquisition (lead); investigation (equal); methodology (equal); project administration (supporting); 
resources (supporting); supervision (lead); validation (equal); visualization (supporting); 
writing – original dra� (supporting); writing – review and editing (equal).

Chapter �
Implant-supported overdentures in Sjögren’s Disease patients: a multicenter prospective 
cohort study.
F. Maarse, W.M.M. Fennis, J.W.R. Twisk, A. Korfage, H.J. Santing, L. den Hartog, M.S.M. Muradin, 
G.M. Raghoebar, A. Vissink, H.S. Brand, D.H.J. Jager
Floor Maarse: Conceptualization (supporting); data curation (equal); formal analysis (supporting); 
investigation (equal); project administration (lead); resources (equal); writing – original dra� 
(lead). Willem Fennis: Conceptualization (supporting); data curation (supporting); investigation 
(equal); methodology (supporting); project administration (equal); resources (equal); writing 
– original dra� (supporting); writing – review and editing (equal). Jos Twisk: Formal analysis 
(lead); methodology (equal); writing – original dra� (equal); writing – review and editing 
(equal). Arjan Vissink: Conceptualization (supporting); formal analysis (supporting); investigation 
(supporting); methodology (equal); validation (equal); writing – review and editing (lead). Henk 
S Brand: Formal analysis (equal); methodology (supporting); supervision (equal); validation 
(supporting); writing – original dra� (equal); writing – review and editing (equal). Derk Jan 
Jager: Conceptualization (lead); data curation (lead); formal analysis (supporting); funding 
acquisition (lead); investigation (equal); methodology (equal); project administration (supporting); 
resources (supporting); supervision (lead); validation (equal); visualization (supporting); 
writing – original dra� (supporting); writing – review and editing (equal).

179852_Maarse_BNW-def.indd   142179852_Maarse_BNW-def.indd   142 06-11-2025   09:2806-11-2025   09:28



143

List of publications

LIST OF PUBLICATIONS
�: Maarse F, Huisinga JF, Jager DHJ, Brand HS. The Prevalence of Sjögren’s Disease in Dental 

Clinics in the Netherlands Compared with the Prevalence in a Systematic Literature Review 
of Studies in Other Countries. J Clin Med. ���� Oct �;��(��):����.

 doi: ��.����/jcm��������.

�: Vissink A, Jager DJ, Maarse F, Brand H. Letter to the Editor, “Sjögren’s Disease Is Not a 
Clinical Risk Factor for Periodontitis”. J Dent Res. ���� Oct;���(��): ����.

 doi: ��.����/�����������������.

�: Vissink A, Maarse F, Jager DHJ. Periodontal problems are not prevalent in Sjögren’s Disease. 
Clin Exp Rheumatol. ���� Dec;��(��):����.

 doi: ��.�����/clinexprheumatol/gymjl�.

�: Maarse F, Fennis WMM, Twisk JWR, Korfage A, Santing HJ, den Hartog L, Muradin MSM, 
Raghoebar GM, Vissink A, Brand HS, Jager DHJ. Implant supported overdentures in Sjögren’s 
Disease patients: a multicentre prospective cohort study. Clin Exp Rheumatol. ���� 
Dec;��(��):����-����.

 doi: ��.�����/clinexprheumatol/cry�a.

�: Maarse F, Fennis WMM, Twisk JWR, Korfage A, Santing HJ, den Hartog L, Muradin MSM, 
Maningky MS, Raghoebar GM, Vissink A, Brand HS, Jager DHJ. Dental implants in dentate 
primary and secondary Sjögren’s syndrome patients: A multicenter prospective cohort 
study. Clin Oral Implants Res. ���� Nov;��(��):����-����.

 doi: ��.����/clr.�����.

�: Karagozoglu KH, Vissink A, Forouzanfar T, de Visscher JGAM, Maarse F, Brand HS, van de 
Ven PM, Jager DHJ. Sialendoscopy increases saliva secretion and reduces xerostomia up to 
�� weeks in Sjögren’s syndrome patients: a randomized controlled study. Rheumatology 
(Oxford). ���� Mar �;��(�):����-����.

 doi: ��.����/rheumatology/keaa���.

�: Maarse F, Jager DHJ, Alterch S, Korfage A, Forouzanfar T, Vissink A, Brand HS. Sjögren’s 
syndrome is not a risk factor for periodontal disease: a systematic review. Clin Exp Rheumatol. 
���� May-Jun;�� Suppl ���(�):���-���.

�: Jager DHJ, Maarse F, Klausch T, Karagozoglu KH, Ten Bruggenkate CM, Sándor GK, Wol� 
J, Schulten EAJM. Wound dehiscences following pre-implant bone augmentation with 
autogenous iliac crest bone gra�s: A retrospective cohort study. Int J Oral Implantol (Berl). 
����;��(�):���-���.

A

179852_Maarse_BNW-def.indd   143179852_Maarse_BNW-def.indd   143 06-11-2025   09:2806-11-2025   09:28



144

Appendices

�: Maarse F, Jager DH, Forouzanfar T, Wol� J, Brand HS. Tooth loss in Sjögren’s syndrome 
patients compared to age and gender matched controls. Med Oral Patol Oral Cir Bucal. 
���� Sep �;��(�):e���-e���.

 doi: ��.����/medoral.�����.

��: Karagozoglu KH, Vissink A, Forouzanfar T, Brand HS, Maarse F, Jager DHJ. Sialendoscopy 
enhances salivary gland function in Sjögren’s syndrome: a �-month follow-up, randomised 
and controlled, single blind study. Ann Rheum Dis. ���� Jul;��(�):����- ����.

 doi: ��.����/annrheumdis-����-������.

��: Jager DJ, Karagozoglu KH, Maarse F, Brand HS, Forouzanfar T. Sialendoscopy of Salivary 
Glands A�ected by Sjögren Syndrome: A Randomized Controlled Pilot Study. J Oral Maxillofac 
Surg. ���� Jun;��(�):����-����. 

 doi:��.����/j.joms.����.��.���

179852_Maarse_BNW-def.indd   144179852_Maarse_BNW-def.indd   144 06-11-2025   09:2806-11-2025   09:28



145

About the author

ABOUT THE AUTHOR
Floor Jansen Maarse was born on the ��th of March ���� in Nijmegen 
as the youngest of three children. A�er graduating high school, she 
started studying in Amsterdam. A�er one year of studying political 
science, she started dentistry school at ACTA university in Amsterdam.

As a student she became interested in special care dentistry. A�er 
graduating dental school in ���� she started research in the Department 
of Oral and Maxillofacial Surgery/Oral Pathology of Amsterdam UMC 
and the Academic Centre for Dentistry Amsterdam (ACTA) in Amsterdam. 
While working as a dentist in private practices she also started her 
training as a Maxillofacial Prostodontist at the SBT (Stichting Bijzondere 
Tandheekunde) in Amsterdam.

She currently lives in Muiden with her husband and dog.  

A

179852_Maarse_BNW-def.indd   145179852_Maarse_BNW-def.indd   145 06-11-2025   09:2806-11-2025   09:28



146

Appendices

179852_Maarse_BNW-def.indd   146179852_Maarse_BNW-def.indd   146 06-11-2025   09:2806-11-2025   09:28



147

Dankwoord

DANKWOORD 
Aan Dr. D.H.J. Jager, beste Derk Jan, dank voor al je hulp met het onderzoek, met het schrijven 
en met je geduld. Het onderzoek vond ik leuk maar het schrijven niet altijd. Zonder jou was 
dit proefschri� er niet gekomen. Jouw kennis en betrokkenheid bij dit onderwerp en de 
patiëntengroep zijn bewonderenswaardig. Dank voor deze kans en voor de begeleiding die 
je daarbij hebt gegeven. 

Aan Dr. H.S. Brand, beste Henk, er zullen weinig mensen zijn die met zoveel optimisme en 
energie hun werk uitvoeren als jij. Ik was altijd welkom, je kon me overal mee helpen en met 
een positieve spin gaf je altijd meer hoop op een goed einde. Dank voor al het vertrouwen 
dat dit boekje er zou komen. 

Dank aan Prof. E.A.J.M. Schulten voor het begeleiden van het sluitstuk van dit proefschri�. Je 
toewijding aan de patienten en gedetaileerd oog voor dit proefschri� maken je een gewaardeerde 
collega en �jne promotor.

Dank aan al mijn mede-auteurs en onderzoekers. Met extra dank aan Dr. Willem Fennis die 
altijd alles op orde had; zelfs de METC had vaak geen aantekeningen. Dank ook aan Dr. Anke 
Korfage die altijd met vrolijkheid en ko�e klaar stond in Gronin gen. Dank aan Dr. Eric Santing 
en Petra die in Veendam zoveel werk hebben verricht. 

Dank aan Prof. G. Raghoebar, Dr. M.S.M. Muradin, Prof. J. Wol� voor het vakkundig plaatsen 
van de implantaten en het begeleiden van de patiënten daarbij. 

Dank aan Prof. T. Forouzanfar voor de beginstage van dit onderzoek en proefschri� en het 
aanstekelijke enthousiasme voor patiëntenzorg. 

Lieve Joanna en Fenna, op SBT kan ik me geen betere assistentes voorstellen. Het is zo �jn 
om jullie bij mij te hebben. Wat hebben we samen veel voor elkaar kunnen krijgen. De dagen 
vlogen voorbij met humor, lieve patiënten en mooie resultaten. 

Dank ook aan Deborah. In de algemene praktijk zijn we een goed team. Jij hebt mij geleerd 
dat vriendelijkheid en gratie altijd worden gewaardeerd. Geloof in wat belangrijk is en houd 
daaraan vast. 

Aan mijn lieve collega Renske. Toen ik bij jou kwam werken, was mij geleerd dat perfectie altijd 
nodig is voor patiëntenzorg en dat het resultaat voor de foto meer waard was dan de ervaring 
van de patient. Jij leerde mij dat je met empathie veel verder komt en dat patiënten naast een 
mooi resultaat ook een zorgverlener waarderen die luistert.

A

179852_Maarse_BNW-def.indd   147179852_Maarse_BNW-def.indd   147 06-11-2025   09:2806-11-2025   09:28



148

Appendices

Aan mijn lieve vriendin Laura, die ik zo vaak belde. Altijd was het einde van ons gesprek: hou 
je taai. Nu zijn we beiden klaar lieve Lau. 

Aan lieve Angela, wat we hebben veel in de Hoxton en andere plekken gezeten, met een laptop 
en een ko�e. Al het werk wat gedaan moest worden werd altijd een beetje lichter met jou erbij.

Aan alle lieve collega’s van Stichting Bijzondere Tandheelkunde en Florens tandartsen dank voor 
al jullie hulp en aandacht en humor. Van Menno, Mathijs en Annelies die me de basisprincipes 
van prothetiek leren en Marieke die patienten verteld dat ik de tandenfee ben en Zefanja die 
elke lunch wel kip kon regelen als er geen tijd is voor eten.

Dank aan mijn lieve zus en broer, Wiesje en Jan en hun echtgenoten Roeland en Anouk. Dank voor 
de band die wij hebben. Ik kan jullie altijd bellen of ik nu wil klagen of lachen. Jullie waren er elke 
verhuizing, ik zal altijd op de kinderen passen en ik zal ze met liefde vermaken en verpesten. 
Op mijn bruilo� kreeg ik te horen dat jullie mij prijzen om mijn doorzettingsvermogen, het is 
inderdaad wel een lange adem geweest. Maar aan alles komt een eind behalve aan familie. 

Aan mijn lieve mama. Wat heb ik je veel gebeld, altijd was je er voor mij. Bij elk tentamen, 
elk moeilijk moment stak je een kaarsje op. De kaarsjes hoeven nu niet meer mam, het is af.

Aan mijn lieve papa. Ooit werd ik op jouw verjaardag geboren. Op ��-��-���� kreeg je een  
frituurpan en een baby, bepaald geen alledaagse combi. Ik lijk van alle kinderen het meest 
op jou. Jouw studie duurde ook wat langer maar werd wel afgerond. Tijdens elke vakantie 
konden wij onze bloeddruk het meest omhoog krijgen, het beste chillen en goed meegaan met 
de flow. Van zowel jou als mama heb ik de onvoorwaardelijke liefde voor familie en honden 
mee gekregen. 

Aan Bob en Wojtek, mijn gezin. Wojtek (de hond) hee� mij alle knu�els gegeven die ik nodig 
had als ik die wilde. Onze wandelingen hebben altijd de rust gegeven die ik kon gebruiken. 
En dan lieve Bob. Ik had het nooit gered zonder jou. Wat heb je mij veel geholpen. Ik heb 
heel veel mazzel dat wij samen oud mogen worden. Tranen, woede, moedeloosheid, trots, 
vreugde, statistiek en de laatste loodjes. Alle knu�els, alle steun, elke aai over mijn bol, alle 
motiverende woorden, alle ko�e die is gezet en elke keer dat ik het licht aan het einde van 
de tunnel niet meer zag, was daar Bob die altijd trots was.

179852_Maarse_BNW-def.indd   148179852_Maarse_BNW-def.indd   148 06-11-2025   09:2806-11-2025   09:28



179852_Maarse_BNW-def.indd   149179852_Maarse_BNW-def.indd   149 06-11-2025   09:2806-11-2025   09:28



179852_Maarse_BNW-def.indd   150179852_Maarse_BNW-def.indd   150 06-11-2025   09:2806-11-2025   09:28


