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Chapter 1

GENERAL INTRODUCTION

Human saliva is produced by three pairs of major salivary glands and 
multiple minor salivary glands. The major salivary glands are the parotid, 
the submandibular, and the sublingual glands. The parotid glands mostly 
secrete serous saliva. The submandibular glands secrete both mucinous and 
serous saliva. The sublingual glands and the minor salivary glands secrete 
only mucinous saliva [1]. The minor glands comprise approximately 600–
1000 glands, distributed throughout the mouth except for the anterior part of 
the palate [2, 3]. Only recently, and surprisingly to many in the salivary and 
anatomical fields, a report was published in 2020 describing the location 
of a potential ‘new’ salivary gland, the ‘tubarial gland’ [4]. The glands were 
proposed to be situated close to the torus tubarius, a structure in the human 
nasopharynx composed of cartilage, which supports the auditory tube. Though, 
it is questioned whether the tubarial glands are bona fide salivary glands and 
the quest to their identity is currently under investigation [5-7].

The major salivary glands are responsible for 90% of the total volume of 
saliva, while the minor glands are responsible for <10% of the total secretion. 
Although the contribution of these minor glands is limited quantitatively, 
the ingredients in saliva secreted by these glands are essential for the local 
protection and moistening of the mucosal surface [2]. The salivary flow is 
regulated by the autonomic nervous system, with the parasympathetic 
response primarily responsible for stimulating secretion of watery saliva and 
the sympathetic system involved in salivary protein production [8, 9]. Healthy, 
unstimulated salivary secretion rates vary between 800 and 1500 mL per day or 
0.25-0.35 mL/min, but can increase upon stimulation, e.g. by chewing and taste, 
up to 1.0-3.0 mL/min [1, 10, 11]. The salivary flow rate and salivary composition 
are dependent upon the type and duration of the stimulus, and the glands 
that secrete the saliva [8]. Besides, the circadian rhythm affects the salivary 
secretion rate as well [10, 12]. This circadian rhythm has a high amplitude with 
a peak in saliva secretion in the late afternoon, while the flow rate is virtually 
negligible during sleep [10].

Saliva is considered as fundamental for the maintenance of the oral 
cavity homeostasis [2], due to its multiple functions including moistening and 
lubrication, microbial homeostasis, wound healing, tooth mineralization, and 
pH buffering (Figure 1) [10, 11, 13]. Additionally, saliva is involved in digestion and 
taste perception [10]. Although saliva consists of 99% water, its functions are 
effectuated by a great variety of compounds including ions, peptides and 
proteins such as glycoproteins and immunoglobulins (Figure 1) [14].
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Figure 1: Overview of salivary functions, modified from Vila et al. [13].

Aetiologies of salivary dysfunction
Under various conditions the salivary gland function can be partially or totally 
impaired, resulting in a quantitative and/or qualitative change in the output 
of saliva (salivary gland dysfunction) [15]. This can be attributed to various 
aetiologies. The most common aetiology is the intake of multiple medications 
(polypharmacy), especially of (combinations of) antidepressants, anxiolytics, 
opiates, antihypertensives, diuretics and antihistamines [15]. Over 500 
medications are known to cause or increase oral dryness as a side-effect 
[11]. These medications affect the salivary secretory mechanisms in various 
ways; some have anticholinergic or sympathomimetic actions that affect the 
neural control of salivary glands. Others have a cytotoxic effect on the salivary 
glands, or they have a diuretic effect that depletes body fluids, or damage the 
ion-transport pathways in the acinar cells [16, 17]. It has been suggested that 
the number of medications administered is more significant in the aetiology 
of oral dryness than specific types of medication [11].

Also, numerous diseases and medical conditions are associated with 
salivary gland dysfunction (Table 1) [16, 18]. These conditions can result in 
e.g. dysfunctions in neurotransmitter receptors, destruction of glandular 
parenchyma, immune dysregulations that may interfere with the secretion 
process or alterations in fluid composition and electrolytes [16]. One of the 
disorders with a very high association with salivary dysfunction is Sjögren’s 
syndrome, an autoimmune disease that affects the integrity of exocrine glands, 
mainly the salivary and lacrimal glands. Also, endocrine disorders (such as 
diabetes mellitus), neurologic disorders (such as depression), genetic disorders 

1
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Table 1: Systemic disorders that may be associated with salivary dysfunction. Based on Saleh et 
al. [16] and Coke et al. [18]

Rheumatological chronic inflammatory disorders Sjögren’s syndrome

Rheumatoid arthritis

Juvenile idiopathic arthritis

Systemic lupus erythematosus

Primary biliary cirrhosis

Endocrine disorders Diabetes mellitus

Hyperthyroidism

Hypothyroidism

Neurologic disorders Depression

Parkinson’s disease

Genetic disorders Agenesis of salivary glands

Ectodermic dysplasia

Prader-Willi syndrome

Down syndrome

Familial amyloidotic polyneuropathy

Gaucher disease

Papillon-Lefèvre syndrome

Hereditary hemochromatosis

Metabolic disorders Dehydration

Chronic renal failure

Bulimia

Anaemia

Alcohol abuse

Infectious disorders HIV/AIDS

HCV infection

COVID

Others Fibromyalgia

Graft-versus-host disease

Sarcoidosis

Chronic pancreatitis
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(such as agenesis of the salivary glands), metabolic disorders (such as 
dehydration), infectious disorders (such as HIV and COVID) and other diseases 
(such as fibromyalgia) are associated with impaired salivary function [16]. In 
addition, salivary gland dysfunction is common in patients who have received 
radiotherapy of the head and neck region. In these patients, the development 
of salivary gland dysfunction depends on the cumulative dose of radiation 
and the volume of salivary gland tissue included in the field of radiation [15].

Additionally, various other factors can inhibit the secretion of saliva, such 
as tobacco smoking, using alcohol, the wearing of complete dentures, heavy 
snoring, and mouth breathing due to functional impairment of the upper 
airways [11, 19]. Also, periods of acute anxiety and stress can induce transient 
oral dryness due to predominant activation of the sympathetic stimulation [9].

Finally, during the physiological process of aging unfavorable changes in 
the number of secretory cells (acini) within the salivary glands may develop 
which also induce reduced secretion and/or a dry mouth. This problem mainly 
affects menopausal women and individuals older than 65 years [11]. However, 
the literature also depicts that these dry-mouth symptoms are not solely 
explained by the physiological processes of aging, but can also be caused by 
age-related increase in the number of medications used [11].

1
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Consequences of impaired salivary function
There is hyposalivation when the unstimulated salivary flow rate is <0.1 mL/
min or <0.7 mL/min under stimulated conditions [16]. The overall prevalence 
of hyposalivation in older people is approximately 33% [20]. Persistent and 
severe hyposalivation commonly results in mucosal changes, an increased 
caries activity, oral fungal infections and a proclivity towards acute gingivitis 
[15, 21]. In addition, consequences such as disturbed taste sensation, impaired 
lubrication, dysphagia, difficulty with chewing, difficulty with speaking, 
fetor ex ore, fissures and ruptures of the lips are also very common. These 
consequences may lead to behavioral changes like avoiding certain foods. 
In turn, changes in dietary intake may result in nutritional deficiencies and 
atrophy of the masticatory muscles and decreased masticatory ability [15, 
19]. Consequently, hyposalivation and its related symptoms and clinical 
consequences often have negative effects on social functioning, quality of 
life in general and oral health in particular [15, 22, 23].

Also xerostomia, the subjective sensation of dry mouth that in most cases is 
present throughout the day [15], is sometimes associated with hyposalivation. 
The prevalence of xerostomia ranges between 1-65%, dependent on 
parameters studies such as study sample, gender, age, used medications, and 
used diagnostic tool [8, 19, 24-26]. In the general population, this prevalence is 
estimated to be approximately 20%, with increased prevalence in females (up 
to 30%) and in the elderly (up to 50%) [8, 19, 24]. Discomfort, especially disturbed 
sleep at night, is the most common symptom associated with xerostomia [11].

Current diagnostic tools for xerostomia and hyposalivation
In order to prevent the negative consequences of xerostomia and 
hyposalivation a careful and systematic diagnosis of their respective 
cause(s), symptoms and signs is essential. Also, analysis of glandular function 
and inspecting the salivary glands is supportive in dry-mouth diagnostics. 
Currently, several tools are available. Firstly, there are various questionnaires for 
the assessment of xerostomia. One of the most frequently used questionnaires, 
and also internationally validated, is the Xerostomia Inventory (XI) developed 
by Thomson et al. [27]. The XI consists of 11-items on a 5-point Likert scale, 
summated into a single continuous scale score for the severity of xerostomia 
[28, 29]. Van der Putten et al. proposed a shorter version of the Xerostomia 
Inventory: the Summated Xerostomia Inventory-Dutch. In this questionnaire, 
five items of the original XI were used, with a 3 point-Likert scale [28, 29]. On 
the other hand, Fox et al. developed a questionnaire with four items about 
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the severity of dry mouth, which may predict hyposalivation [28]. For this 
questionnaire a binary scale is used [28, 29]. Eisbruch et al. evaluated the grade 
of xerostomia through a validated scale: subjective grade 1: no disability; grade 
2: dryness requiring additional fluids for swallowing; and grade 3: dryness 
causing dietary alterations, interference with sleep, speaking, or other activities 
[28, 29]. In turn, Pai et al. developed an 8-item visual analog scale (VAS) to 
assess xerostomia [28, 29]. Finally, Suh et al. developed a questionnaire with a 
combination of a binary scale, categorical scoring scale and VAS [30]. Yet, at 
the moment there is no clear scientific consensus on the best form of grading 
xerostomia, mainly due to differences in opinion about the best way to obtain 
information from the patient [16].

In the past, Navazesh and co-workers developed a clinical scale consisting 
of four clinical measures; dryness of lips, dryness of buccal mucosa, absence 
of saliva produced by gland palpation, and total DMFT (decayed, missing, 
and filled teeth). Together, these four measures could successfully predict 
the presence or absence of salivary gland hypofunction [31]. More recently, 
the clinical oral dryness score (CODS) has been designed to objectively 
quantify clinical signs of reduced salivary secretion [32, 33]. The CODS has 
been developed to help oral health professionals with the objective and quick 
determination of salivary gland function in a clinical setting [32, 33]. The CODS 
is based on clinical and visual inspection of the mouth to inspect for various 
signs of oral dryness such as the presence of frothy saliva and stickiness of the 
dental mirror to the tongue or the buccal mucosa [32, 33].

In turn, measurement of the salivary flow rate is the objective tool for 
hyposalivation. It is relatively easy to perform and requires little time [28]. 
Salivary flow rates can be determined by various methods, either by collection 
of unstimulated and stimulated whole saliva or by collection of saliva from 
specific salivary glands [29]. By draining saliva passively into a pre-weighed 
cup unstimulated whole saliva can be collected (draining method) [28]. 
Alternatively, Leal et al. suggested the use of pre-weighed cotton rolls for 
collection of saliva from the orifices of the ducts of the major salivary glands. 
After a specific time, the cotton rolls are weighed again and saliva flow can be 
calculated. Also, absorbent strips can be used, which can be placed at various 
intra-oral locations to determine salivary flow [28]. Other methods to assess the 
unstimulated whole salivary flow rate include the so called ‘spitting method’ 
and the ‘suction method’ [28]. Stimulated salivary flow rate is determined while 
the patient chews an unflavored gum base or paraffin wax (1–2 g) for 1 or 
several minutes. Otherwise, saliva production can be stimulated with a solution 

1
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of 2% citric acid applied on the sides of the tongue at intervals of 30 seconds 
[28].

Despite this wide range of techniques, accurate assessment of dry mouth 
according to the quantity of saliva might be difficult as salivary quantity 
and flow rate vary dramatically within and between individuals. Additional 
biochemical and mechanical measurements could support diagnostic tests 
for dry mouth. To understand the salivary quality, it is important to investigate 
both the compositional feature and mechanical properties of saliva, such as 
adsorption, rheological and tribological properties [30].

Salivary gland function can also be measured by scintigraphy, in which 
a radionuclide is injected intravenously and subsequently this radionuclide 
is taken up by the salivary glands and then secreted [8]. Measurement of 
uptake and secretion into the oral cavity can determine the presence and 
extent of functional salivary tissue [8]. Additionally, a number of other imaging 
techniques can help in identifying salivary gland abnormalities, for example 
magnetic resonance imaging (MRI). MRI can identify solid and cystic masses in 
the glands. Sialography is a radiographic examination of the salivary glands to 
visualize the anatomy of ducts, acinar integrity, calcifications, and some tumors 
[8]. It usually involves the injection of a small amount of contrast medium into 
the salivary duct of a single gland, followed by routine X-ray projections.

Investigating the medical history of dry-mouth patients contributes to 
proper diagnosis. A detailed inventory of present symptoms, type and number 
of xerogenic medications used, the presence of systemic and oral diseases, and 
previous dry-mouth therapies is important in this process [29]. This information 
also helps to investigate the potential underlying influence of condition like 
psychiatric and cardiovascular diseases [29]. The European Medical Risk-
Related History questionnaire is a good example of an internationally validated 
patient-administered questionnaire that is used to retrieve information about 
the health status of a patient [34, 35].

Furthermore, an extra-oral and intra-oral examination should also be 
part of the examination of the patient. This should include the inspection 
and palpation of the salivary glands, expulsion (“milking”) of saliva from the 
major salivary duct orifices (at rest and after a stimulus), and inspection of 
the oral mucosa and the dentition [29]. Finally, salivary gland biopsy provides 
a definitive diagnosis of glandular pathology. A labial minor salivary gland 
biopsy is more commonly and easily performed than a biopsy of the major 
salivary glands [8]. Although, recent literature discusses parotid biopsies as 
an alternative for minor salivary gland biopsies [26, 36]. As the sensitivity and 
specificity of parotid and labial biopsies for diagnosing Sjögren’s syndrome 
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are comparable. In addition, parotid gland incision biopsy can overcome most 
of the disadvantages of labial gland excision biopsy [26, 36].

Taken together for a systematic and detailed investigation of xerostomia, 
hyposalivation, salivary gland function and gland inspection, the use of a 
combination of diagnostic tools (both objective and subjective parameters) 
is recommended.

Dry-mouth interventions
Effective management of dry-mouth complaints is important in order to 
improve the quality of life of those who seek treatment for their symptoms 
and to minimize associated oral problems [24]. In some patients it may be 
possible to manage the problems associated with a dry mouth through optimal 
management of the underlying condition(s); for example, an adjustment of the 
medication used or its dosage. In individuals with mild symptoms sucking 
ice chips, frequent sipping of water, and reducing or avoiding irritants, such 
as alcohol, caffeine, smoking or hot, spicy foods may provide sufficient relief 
for their symptoms [24]. When there is some residual salivary function, saliva 
secretion can be stimulated with the use of topical sialagogues, such as using 
sugar-free chewing gums and lozenges [37]. Systemic pharmacotherapies 
with parasympathomimetic activity including pilocarpine and cevimeline 
could also stimulate the salivary secretion [37, 38]. Other interventions such 
as acupuncture, salivary neuro-electrostimulation and sialendoscopy have 
also been used to increase saliva production and, in some cases, might also 
lessen the associated dry-mouth symptoms [37, 39, 40]. Especially in Sjögren’s 
syndrome patients, sialendoscopy of the major salivary glands showed 
promising results as it increased the salivation and reduced oral dryness up 
to at least 60 weeks [40]. However, when the salivary secretion is irreversibly 
impaired, e.g. as a consequence of radiotherapy, then salivary substitutes 
could be used as dry-mouth interventions. Examples of salivary substitutes 
are mouth washes, mouth gels and oral sprays [24, 37]. These substitutes help 
to moisturize the mucosa in absence of saliva [24].

State of the art in dry-mouth diagnostics and dry-mouth interventions
Despite the wide range of questionnaires and clinical tests available, an 
accurate diagnosis of dry mouth is still challenging, due to the complex 
aetiology of dry mouth and the various potential underlying mechanisms. 
Besides, the current diagnostic methods map dry-mouth symptoms in general 
terms, but they do not adequately reveal the complexity of this problem and 
they are also not entirely discriminating. To illustrate, the total salivary flow rate 

1
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measures only the whole saliva secretion, but this flow rate does not provide 
information on the extent of the moisturizing effect of saliva. For this reason, 
hyposalivation and xerostomia are not correlated per se [23, 41]. Moreover, 
the sensation of a dry mouth is not only related to the reduction in salivary 
secretion rate, but possibly also to the unequal thickness of the saliva film on 
both soft and hard oral tissue surfaces [23]. The salivary film thickness could 
influence the moisturizing effect of saliva, and consequently the surface over 
which saliva is spread can influence the salivary film thickness and possibly 
also its moisturizing effect.

An important gap in the scientific literature is a dry-mouth questionnaire 
which explores the perceived dryness at various intra-oral locations, specifically 
various mucosal surfaces such as the tongue or palate. And, although, a large 
number of studies have shown that the salivary film is not equally distributed 
within the oral cavity [33, 42-49], a questionnaire to determine dryness at 
specific oral locations is still lacking. For this reason, it is envisaged that a 
questionnaire to determine dryness at specific oral locations could increase 
our understanding about the distribution of saliva in the oral cavity and the 
relation with perceived dryness. Additionally, such a new questionnaire could 
even contribute to determining the cause of oral dryness in specific patient 
groups. In addition, as the (size of) surface area plays a role in the distribution 
of saliva, measurement of the oral surface areas could be an important 
additional tool during the diagnosis of oral dryness.

Nowadays, various interventions are available to relieve oral dryness. 
The reasons that affect the use of dry-mouth interventions by patients are 
not fully understood yet. In previous research it was shown that age, gender 
and the presence of a dental prothesis could affect the use of dry-mouth 
interventions in Sjögren’s syndrome patients [50]. However, it is still unclear 
whether the severity of intra-oral dryness could also affect the use of dry-
mouth interventions. For this reason, factors that affect the choice of dry-mouth 
interventions will be further explored.

Aim and outline of the thesis
The overall aim of this thesis was to improve the current, available diagnostic tools 
for dry mouth by developing a new method for measuring the perceived dryness 
at specific various intra-oral locations and to investigate the effect of intra-oral 
surface areas on the distribution of saliva within the oral cavity. Additionally, 
the use of dry-mouth interventions by various dry-mouth patients will be 
investigated to understand which factors affect the use of these interventions. 
In this thesis, eight research chapters are divided into three main themes:
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1) perceived intra-oral dryness (Chapters 2, and 3);
2) intra-oral surface area and salivary distribution (Chapters 4, 5 and 6); and
3) interventions to relieve oral dryness (Chapters 7, 8 and 9).

In Chapter 2, a novel questionnaire, the Regional Oral Dryness Inventory 
(RODI) was developed to quantify the severity of dryness at various locations 
in the mouth. Next, this questionnaire was validated in various groups of 
dry-mouth patients aiming to differentiate between causes of oral dryness 
(Chapter 3). As the size of the surface area of the intra-oral regions, the palate, 
can possibly influence the distribution and average thickness of the salivary 
film, in Chapter 4 intra-oral surface areas were quantified using cone-beam 
computed tomography (CBCT). Besides, potential correlations between intra-
oral surface areas and facial anthropomorphic measurements were analyzed 
which would enable easy and safe chair-side approximation of intra-oral 
surface areas. In Chapter 5 the relation between the palate surface area, 
measured using an intra-oral scanner, and anthropometric measurements of 
the head and face was validated in living subjects. In Chapter 6, palatal surface 
area measurements were explored in healthy volunteers in combination with 
measurements of the salivary film and the salivary consistency, especially the 
concentration of a salivary mucin, at various intra-oral locations.

The aim of Chapter 7 was to investigate the use of dry-mouth interventions 
by subgroups of patients with different causes of oral dryness and explored 
the possible relation of the applied interventions with intra-oral dryness and 
salivary flow rate. In accordance with this study, Chapter 8 has a similar aim, but 
focuses on Sjögren’s syndrome patients specifically. The purpose of Chapter 
9 was to explore the preferences of Sjögren’s syndrome patients regarding 
various product characteristics of potential new saliva substitutes, important 
functions of possible substitutes, objections against certain ingredients, desired 
flavors for the substitutes, objections against potential side-effects of saliva 
substitutes, and the preferred method of administration.

1
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ABSTRACT

Objectives
Several questionnaires, such as the internationally validated and frequently used 
Xerostomia Inventory (XI), have been developed to quantify the subjective feeling of 
a dry mouth. These questionnaires quantify the overall perception of dry mouth but 
lack the possibility to differentiate between various intra-oral regions. In this light, a 
novel questionnaire, the Regional Oral Dryness Inventory (RODI), which quantifies the 
severity of dryness at various locations in the mouth, was evaluated.

Material and method
A retrospective case report study was designed. Data were collected from patients 
who visited the saliva clinic for Special Care Dentistry in Amsterdam. Data, including 
the saliva secretion rates, RODI scores, the Xerostomia Inventory (XI) score, and 
Clinical Oral Dryness Score (CODS), were extracted from the electronic health record 
system Oase Dental.

Results
A total of 337 patients participated in this study with an average age of 54 ± 17 
years. The majority of the patients were female (68.5%). The perceived dryness as 
determined by the RODI was the highest for the posterior palate and the lowest for the 
floor of the mouth. The highest correlations were found between the corresponding 
regions in the RODI and regionally related individual items of the XI and CODS.

Conclusion
There is a significant difference in dry-mouth feeling at different intra-oral locations.

Clinical relevance 
Regional evaluation of xerostomia with the RODI might improve diagnosis of 
xerostomia by helping to discriminate between different potential causes of oral 
dryness in patients and for evaluating the efficacy of mouth-moistening products. 
The RODI is highly accessible and easy to perform in dental practices during routine 
clinical assessment.

Keywords
Dry mouth, Xerostomia, Salivary flow rate, Xerostomia Inventory, Clinical Oral Dryness 
Score
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INTRODUCTION

Saliva is a multi-functional fluid which provides mucosal lubrication and 
moistening, and protection of the teeth and oral mucosa surface, and plays 
an important role in digestion, protecting oral tissues, swallowing, taste, 
and speaking [1, 2]. Therefore, an adequate saliva flow is important for the 
maintenance of oral health [3, 4].

Saliva flow can be impaired due to many factors. A reduction in saliva 
secretion rate can be the result of xerogenic medications, radiotherapy of 
the head and neck, or systemic diseases such as Sjögren’s syndrome [5–7]. 
Patients suffering from a reduced salivary flow rate may complain about taste 
alterations, swallowing difficulties, and a burning sensation in the mouth. Other 
oral complications include increased risk of ulcerations, caries, gingivitis, 
periodontitis, and oral Candida spp. infections [8, 9].

A reduced salivary flow rate is known as hyposalivation and can objectively 
be determined by sialometry. Hyposalivation is defined as a salivary flow 
rate is < 0.1 mL/min at rest or < 0.7 mL/min upon stimulation [8]. In contrast, 
the subjective sensation of a dry mouth experienced by the patient is 
called xerostomia [9, 10], which can only be determined with self-reported 
questionnaires [11–15]. Over the past decades, several questionnaires have 
been developed to quantify the overall feeling of a dry mouth [11–15]. For 
example, the Xerostomia Inventory (XI) is an internationally validated and 
frequently used questionnaire with 11 items on a 5-point Likert scale to quantify 
the severity of the xerostomia [11].

The sensation of a dry mouth is not solitarily related to the reduction in 
salivary secretion rate changes but might also be related to the unequal 
thickness of the saliva film on both soft and hard oral tissue surfaces [16]. To 
exemplify, the salivary film that remains in the oral cavity after swallowing 
is the thickest at the dorsal area of the tongue and the thinnest at the hard 
palate [17–21].

In addition, differences in salivary composition have also been implicated 
in the perception of dry mouth [19–21]; the salivary mucin MUC5B retains 
large amounts of water and contributes to the generation of a hydrophilic 
gel essential for lubrication of the oral epithelium [22–24]. Moreover, MUC5B is 
the main component that determines the viscoelasticity of saliva [24]. Local 
variations in the MUC5B concentration have been reported with higher intensity 
on the hard palate than other oral surfaces [18].

In light of these local variations [17, 18, 21], the palate may be more frequently 
related to xerostomia complaints than other areas, e.g., the tongue [19].
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So far, xerostomia questionnaires were aimed to quantify the overall 
feeling of mouth dryness and not the perceived xerostomia at different intra-
oral locations. Therefore, the purpose of this study is to evaluate a recently 
developed questionnaire, Regional Oral Dryness Inventory (RODI), which 
quantifies the severity of dryness at various locations in the mouth.

MATERIALS AND METHODS

Study design
A retrospective case report study was designed. Data were collected from 
patients older than 18 years, who visited the saliva clinic for Special Care 
Dentistry in Amsterdam. These patients were referred to the saliva clinic by 
dentists, general physicians, and medical specialists between January 2014 
and April 2019. All the patients included in this study had saliva-related and/
or dry-mouth complaints.

The Ethics Review Committee of the Academic Centre for Dentistry 
Amsterdam (ACTA) confirmed that the Medical Research Involving Human 
Subjects Act (WMO) does not apply to this study (protocol number 201910). 
The reporting of this study conforms to the STROBE statement [25].

All the questionnaires and clinical parameters have been collected and 
interpreted by a single practitioner (DHJJ). A standardized protocol is used for 
this process, which takes approximately 45 min. All the procedures described in 
the present study are part of the regular patient care routine in the saliva clinic.

Data collection methods
The relevant data were extracted by one abstractor (EM) from the electronic 
health record system Oase Dental (VST Software B.V., Haarlem, The Netherlands). 
Patients were included when most of the relevant data were present in the 
record of the patient. The extracted data were registered pseudonymized in a 
Microsoft Excel under a code number so that the data can no longer be traced 
back to the patients. The following clinical data were retrieved: gender, age, the 
Xerostomia Inventory (XI) score, Clinical Oral Dryness Score (CODS), scores on 
the newly developed Regional Oral Dryness Inventory, and the secretion rates of 
unstimulated whole saliva (UWS), chewing-stimulated whole saliva (CH-SWS), 
and citric acid–stimulated whole saliva (A-SWS).

Random checks were done after data entry, by two researchers (EM and ZA), 
to verify correct transfer of data from the medical record to the case reports. 
This was performed according to the 100-20 rule in which 100% of the data is 
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checked in 20% of the case reports and 20% of the most important data are 
checked in 100% of the case reports [26].

Subjective oral dryness
Before a patient visited the saliva clinic, he or she received several 
questionnaires by mail to fill out at home. These questionnaires included the 
Xerostomia Inventory (XI) which consists of 11 items on a 5-point Likert scale 
ranging from 1 = “never” to 5 = “very often.” The items are about oral dryness 
and mouth feel in the patients. Patients indicate in each item how often they 
suffer from problems with regard to mouth feel and oral dryness. The scores 
of the 11 items are summed resulting in a total XI score that ranges between 11 
(no xerostomia) and 55 (extreme xerostomia) [11].

In addition, the patients received a newly developed Regional Oral Dryness 
Inventory (RODI) (Fig. 1). This questionnaire contains 9 schematic illustrations 
of different locations in the oral cavity. Four illustrations represent areas in 
the upper jaw: the upper lip, anterior part of the palate (including the rugae), 
inside part of the cheeks, and posterior part of the palate (from the rugae up 
to the end of the soft palate). Four illustrations represent areas in the lower 
jaw: the lower lip, floor of the mouth, posterior part of the tongue (from vallate 
papilla up to end of the tongue), and anterior part of the tongue (from tip of the 
tongue up to vallate papilla). Finally, one illustration represents the pharynx. 
At each location, the patient can indicate the severity of the perceived oral 
dryness using a 5-point Likert scale ranging from 1 = “no dryness” to 5 = “severe 
dryness.”

Clinical oral dryness score
During the visit to the saliva clinic, the Clinical Oral Dryness Score (CODS) was 
scored for all patients by a single examiner (DHJJ). The CODS was recorded 
before determining the salivary flow rates and analyzing the xerostomia 
questionnaires, so the examiner was not aware during the recording of the 
CODS whether a patient suffered from hyposalivation/ xerostomia or not.

The examiner scored the patient’s mouth for the presence or absence 
of ten features of oral dryness: (1) mirror sticks to buccal mucosa; (2) mirror 
sticks to tongue; (3) tongue shows loss of papillae; (4) tongue lobulated/
fissured; (5) frothy saliva; (6) no saliva pooling in floor of mouth; (7) glassy 
appearance of other oral mucosa, especially palate; (8) debris on palate 
(excluding debris under dentures); (9) altered/smooth gingival architecture; 
and (10) active or recently restored (last 6 months) cervical caries (> 2 teeth) 
[27]. A specially designed form with illustrations of dry-mouth features from 
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Fig. 1 The Regional Oral Dryness Inventory with the nine intra-oral regions and instructions. Regional 
Oral Dryness Inventory. The following questions are about dryness perception in the mouth during 
the last 4 weeks. The illustrations below show four different regions in the upper jaw, four different 
regions in the lower jaw, and an illustration of the throat. Please indicate the severity of dryness for 
each of these different locations on a scale from 1 to 5, where 1 = no dryness and 5 = severe dryness. 
It is advisable to answer spontaneously and not spend too much time considering your answer.
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the original publication was used to score each feature [27]. The scores from 
the ten features were added together resulting in a total CODS ranging from 0 
(no oral dryness) to 10 (extreme oral dryness).

Sialometry
The patients were instructed not to eat, drink, chew gum, brush teeth, use 
mouthwash, or smoke for at least 1 h before their visit to the saliva clinic. The 
procedure to determine the saliva secretion rate has been described by Jager 
and co-workers [28]. At the time of the collection of saliva, patients were placed 
in a quiet room and asked to sit in an upright position. The UWS was collected 
by the draining method in a pre-weighed plastic container [29]. To collect 
unstimulated saliva, patients were asked to immediately collect saliva after 
an initial swallow. Afterwards, they were asked to expectorate in the container 
as soon as they collected saliva. During saliva collection, the patients were 
not allowed to swallow. To collect CH-SWS, patients were asked to chew a 
5 × 5-cm sheet of parafilm (Parafilm M, Pechiney, Chicago, IL, USA) with a 
frequency of approximately 60 chews per minute. The patients were instructed 
to expectorate the saliva every 30 s into a pre-weighed plastic container during 
a 5 min period. For stimulation of A-SWS secretion, a citric acid solution (2% 
w/v) was applied with cotton buds on the lateral borders of the tongue at 30 
s intervals [30]. After the collection period was finished, the plastic containers 
were reweighed, and the collected volume was determined by subtracting the 
weight of the container prior to collection. The salivary flow was calculated by 
dividing the collected volume (assuming 1 g of saliva equals 1 mL) by collection 
time (min). Salivary flow rates were expressed in mL/min [29].

To determine whether patients suffered from hyposalivation, the following 
cut-off values were used: UWS < 0.10 mL/min, CH-SWS < 0.70 mL/min, and ASWS 
< 0.70 mL/min [8].

Data analysis
The data were processed in Microsoft Excel and then converted into SPSS, 
version 25.0 (IBM Corp SPSS Statistics, Armonk, NY, USA) for the statistical 
analysis. The Shapiro– Wilk test was used to assess the normality of the data. 
The data were presented as median, and their interquartile range (IQR) as all 
parameters were not normally distributed. The mean and standard deviation 
were also reported to clarify relatively small differences.

A Friedman test was conducted for the scores of the RODI and XI scores, 
followed by a Wilcoxon signed-rank test as post hoc procedure.

Binnenwerk_Zainab-Assy_v4.indd   34Binnenwerk_Zainab-Assy_v4.indd   34 05/02/2023   18:4405/02/2023   18:44



35

Regional differences in perceived oral dryness

Possible relationships among the RODI scores of the nine intra-oral regions, 
and the relation of the RODI scores with XI scores, UWS, CH-SWS, and A-SWS 
salivary flow rates were analyzed with a bootstrapped Spearman rank 
correlation test (1000 × bootstrapping). The Spearman’s rho coefficient and 
bias-corrected accelerated (Bca) 95% confidence interval were extracted. A 
significance level (α) of 0.01 was chosen for the correlation test.

The Mann-Whitney U test (significance level of α = 0.05) was performed to 
explore a possible relation between a positive CODS score and the associated 
region in the RODI.

RESULTS

A total of 337 patients participated in this study with an average age of 54 ± 
17 years. The majority of the patients were female (68.5%). The RODI scores, 
XI scores, CODS and UWS, CH-SWS, and A-SWS salivary flow rates were not 
normally distributed (Shapiro–Wilk test; p < 0.01). Table 1 presents the different 
salivary flow rates of the study sample. Based on the UWS, CH-SWS, and A-SWS 
flow rates, respectively, 26.9%, 48.6%, and 13.1% of the study sample respectively 
suffered from hyposalivation.

Regional Oral Dryness Inventory
In Table 2, the median and the corresponding IQR, and mean with standard 
deviation are shown for each of the nine intraoral regions of the RODI. There 
was a significant difference in perceived oral dryness between the nine intra-
oral regions (Friedman test p < 0.05, followed by Wilcoxon signed-rank tests 
p < 0.05). The highest scores were obtained for the posterior palate, while the 
lowest scores were obtained for the floor of the mouth (Table 2).

The scores of all regions correlated significantly with each other (Table 3) 
indicating that patients who suffer from severe xerostomia at one location in 
general also have high levels of xerostomia at other intra-oral locations. The 
correlation coefficient varied between 0.51 (pharynx with lower lip) and 0.82 
(lower lip and upper lip). Four different regions have a correlation coefficient ≥ 
0.75: the lower lip and upper lip, the posterior palate and posterior tongue, the 
anterior tongue and posterior tongue, and the floor of the mouth and inside 
the cheeks. The correlations of the scores between these four regions can be 
considered strong, whereas the other regions have a moderate correlation 
according to the standards described by Mukaka and co-workers and Akoglu 
and co-workers [31, 32].
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Table 1 The unstimulated whole saliva (UWS), chewing-stimulated whole saliva (CH-SWS), and acid-
stimulated whole saliva secretion rates of the study sample. Data are expressed as the median with 
the corresponding interquartile range (IQR), and mean with standard deviation (SD).

Median IQR Mean SD N

UWS (mL/min) 0.18 0.08–0.34 0.27 0.33 264

CH-SWS (mL/min) 0.70 0.34–1.18 0.89 0.84 313

A-SWS (mL/min) 1.80 1.05–2.78 2.00 1.23 321

Table 2 Perceived oral dryness in nine different intra-oral regions as determined with the Regional 
Oral Dryness Inventory (RODI) in patients visiting a saliva clinic. Data are presented as median with 
corresponding interquartile range (IQR) and mean with standard deviation (SD).

Median IQR Mean SD N

Upper lip 3.0 2.0–4.0 2.80 1.26 303

Anterior palate 3.0 1.0–4.0 2.82 1.40 302

Inside cheeksa,b 3.0 1.0–4.0 2.68 1.34 302

Posterior palatea,b, c 3.0 2.0–4.0 3.09 1.35 302

Lower lipd 3.0 2.0–4.0 2.70 1.26 299

Floor of the moutha,b,c,d,e 2.0 1.0–4.0 2.54 1.34 297

Posterior tonguea,b,c,e,f 3.0 2.0–4.0 3.03 1.32 297

Anterior tonguea,c,d,e,f 3.0 2.0–4.0 2.94 1.40 297

Pharynxa,b,c,d,e,f 3.0 2.0–4.0 2.96 1.36 297

Wilcoxon signed-rank tests: a p < 0.05 vs upper lip, b p < 0.05 vs anterior palate, c p < 0.05 
vs inside cheeks, d p < 0.05 vs posterior palate, e p < 0.05 vs lower lip, f p < 0.05 vs floor of 
mouth, g p < 0.05 vs posterior tongue, and h p < 0.05 vs anterior tongue
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The RODI scores at the nine intra-oral regions showed weak to non-
significant negative correlations with the UWS, CH-SWS, and A-SWS with 
Spearman’s rho correlation coefficient ranging between − 0.27 and − 0.13.

Xerostomia Inventory
Table 4 shows that the median of the 11 items of the XI ranged between 2.0 
and 4.0. There was a significant difference in perceived oral dryness and 
mouth feel between the 11 items of the XI (Friedman test p < 0.05, followed by 
Wilcoxon signed-rank tests p < 0.05). The XI item 4 (my mouth feels dry) had 
the highest scores and items XI 1 (sip liquids to swallow food) and XI 7 (I have 
difficulty swallowing food) had the lowest scores. The scores on the nine areas 
of the RODI correlate significantly with all items of the XI (data not shown) 
(presented in Appendix 1, for review purposes only). The highest correlation 
coefficient was observed between XI item 4 (mouth feel dry) and the dryness 
of the anterior tongue (r = 0.70). XI items related to extra-oral regions have 
poor correlations with RODI scores (correlation coefficient varying between 0.21 
and 0.49) according to the standards described by Mukaka and co-workers 
and Akoglu and co-workers, for example, items 8 (skin of face), 9 (eyes), and 11 
(nose) [31, 32]. In contrast, scores on XI items related to intra-oral locations show 
a stronger correlation with and the associated region of the RODI. Mainly XI 
item 7 (difficulty swallowing certain food) and XI item 10 (lips feel dry) have the 
highest correlation with the local dryness of respectively the pharynx (r = 0.56) 
and both upper and lower lip (r = 0.63 and 0.62).

Clinical Oral Dryness Score
The median CODS of 319 persons is 4.0 with IQR of 2.0–5.0 (mean = 3.57, 
SD = 1.82).

Table 5 presents how frequently each item of the CODS was scored. In the 
overall sample, item 1 (the mirror sticks to the cheek; 78.9%) was most frequently 
scored, and item 8 (debris on the palate; 2.5%) the least. The presence of CODS 
item 1 (mirror sticks to buccal mucosa) was associated with a significant 
difference in dry-mouth feeling inside the cheeks (Mann-Whitney U = 4897, 
p = 0.009, r = − 0.16). CODS item 2 (mirror sticks to tongue) and CODS item 
4 (tongue lobulated/fissured) were associated with higher dryness of the 
regions anterior and posterior tongue (CODS 2 respectively for anterior and 
posterior tongue; U = 6960, p = 0.000, r = − 0.26 and U = 7520, p = 0.000, r = − 
0.21) (CODS 4 respectively anterior and posterior tongue; U = 5424, p = 0.000, 
r = − 0.22 and U = 6208, p = 0.023, r = − 0.14). CODS item 6 (no saliva pooling in 
floor of mouth) corresponds with a higher dry-mouth feeling of the floor of the 
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Table 4 The scores of the 11 Xerostomia Inventory items (XI), presented as median with the 
corresponding interquartile range (IQR), and the mean with standard deviation (SD). N is the total 
numbers of participants.

Median IQR Mean SD N

XI 1 (sip liquids to swallow food) 2.0 1.0–4.0 2.61 1.59 336

XI 2 (mouth dry when eating a meal) a 3.0 1.0–4.0 2.93 1.46 329

XI 3 (get up night to drink) a,b 3.0 2.0–5.0 3.19 1.49 336

XI 4 (my mouth feels dry) a,b,c 4.0 3.0–5.0 3.84 1.30 334

XI 5 (difficulty eating dry foods) a,d 3.0 1.0–5.0 3.03 1.59 336

XI 6 (suck sweets to relieve dry mouth) b,c,d,e 2.0 1.0–4.0 2.69 1.64 336

XI 7 (difficulty swallowing certain foods) b,c,d,e 2.0 1.0–4.0 2.55 1.52 337

XI 8 (the skin of my face feels dry) a,c,d,e,g 3.0 1.0–4.0 2.80 1.47 334

XI 9 (my eyes feel dry) a,d,f,g,h 3.0 1.0–5.0 3.05 1.58 337

XI 10 (my lips feel dry) a,b,c,d,e,f,g,h,i 4.0 3.0–5.0 3.63 1.34 337

XI 11 (the inside of my nose feels dry) a,c,d,f,g,j 3.0 1.0–4.0 2.91 1.54 335

XI total 33.0 22.5–43.0 32.94 11.88 337

Wilcoxon signed-rank tests: a p < 0.05 vs XI 1, b p < 0.05 vs XI 2, c p < 0.05 vs XI 3, d p < 0.05 
vs XI 4, e p < 0.05 vs XI 5, f p < 0.05 vs XI 6, g p < 0.05 vs XI 7, h p < 0.05 vs XI 8, i p < 0.05 vs 
XI 9, j p < 0.05 vs XI 10

Table 5 Percentage of how frequently each item of the Clinical Oral Dryness Score (CODS) was 
identified (N = 319).

CODS %
yes

CODS 1 (mirror sticks to buccal mucosa) 78.9%

CODS 2 (mirror sticks to tongue) 48.7%

CODS 3 (tongue lobulated/fissured) 19.2%

CODS 4 (tongue shows loss of papillae) 24.8%

CODS 5 (frothy saliva) 61.8%

CODS 6 (no saliva pooling in floor of mouth) 19.2%

CODS 7 (glassy appearance of other oral mucosa especially palate) 47.4%

CODS 8 (debris on palate) 2.5%

CODS 9 (altered/smooth gingival architecture) 21.6%

CODS 10 (active or recently restored cervical caries) 36.4%

2
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mouth (U = 4466, p = 0.006, r = − 0.16). CODS item 7 (glassy appearance of oral 
mucosa especially palate) was associated with more severe oral dryness of 
the anterior and posterior palate (U = 7058, p = 0.000, r = − 0.27 and U = 6541, 
p = 0.000, r = − 0.31 respectively anterior and posterior palate). There were no 
significant relations between CODS item 3 (tongue shows loss of papillae) and 
item 8 (debris on palate and perceived oral dryness of the corresponding 
anatomical regions).

All the reported significant associations can be considered robust to 
distributional violations as the bootstrapped 95% confidence interval did not 
exceed 0.

DISCUSSION

The results of this study demonstrated intra-oral differences in perceived 
mouth dryness between different locations in the mouth by using the RODI, 
a recently developed xerostomia questionnaire. The perceived dryness was 
considered the highest for the posterior palate and the lowest for the floor of 
the mouth. The highest correlations were found between regions in the RODI 
and corresponding related individual items of the XI and CODS.

As described in the introduction, the saliva film on intraoral tissue has local 
differences. The saliva film is thinnest at the anterior hard palate (~ 10 μm), 
while the saliva film at the anterior dorsal area of the tongue is much thicker 
(~ 54 μm) [18]. This pattern of different saliva film thickness at various intra-oral 
locations has been confirmed by other studies, where the palate is considered 
most dry, and tongue and floor of the mouth are considered as most wet, which 
explains the high MUC5 concentration on the palate [17, 19–21].

Several factors make the hard palate more susceptible to oral dryness 
than other intra-oral locations: paucity of (hard) palatal glands, gravity, and 
evaporation [1, 19, 33]. Gravity forces part of the whole saliva to pool in the 
floor of the mouth between swallowing episodes. As a consequence, the 
palate can be insufficiently moistened, especially in case of hyposalivation 
[20]. Furthermore, the palate is more prone to saliva evaporation, especially 
during speaking and breathing; and during speech air passes more or less 
continuously from the lungs over the mucosa of the palate [19]. The advantage 
of the tongue is that it is located near the opening from Wharton’s ducts [17, 19, 
20]. Here, saliva from the many minor glands in this region and the nasopalatine 
glands as well as the secretions of the submandibular and sublingual glands 
is collected [20]. This pattern of saliva thickness on the various mucosal sites 

Binnenwerk_Zainab-Assy_v4.indd   40Binnenwerk_Zainab-Assy_v4.indd   40 05/02/2023   18:4405/02/2023   18:44



41

Regional differences in perceived oral dryness

does not only apply to healthy subjects but is also applicable for dry-mouth 
patients [18, 20, 21].

The current study found intra-oral differences in perceived mouth dryness, 
in line with previous research finding different saliva film thickness at different 
intra-oral locations. This study found that the posterior palate was experienced 
as most dry, whereas other studies indicated that the anterior hard palate had 
the thinnest saliva coating [17, 18, 21]. The latter region is comparable with the 
anterior palate in this study. A possible explanation for this difference could be 
that patients find it hard to distinguish between two directly adjacent regions: 
the anterior part (up to the rugae) and posterior part (from the rugae to the end 
of the soft palate) of the palate and the posterior palate and the pharynx. In 
both cases, these regions have higher correlations than those of non-adjacent 
regions.

Another study reported the whole hard palate as having the thinnest 
saliva film without making a distinction between the anterior and posterior 
part [19]. Our results are in line with this study, as the schematic illustration 
of the posterior palate in the RODI is a combination of the hard palate and 
soft palate, which partly resembles the area studied by DiSabato-Mordarski 
and co-workers. Wolff and co-workers concluded that mostly hyposalivation 
patients had lower saliva film thickness at the posterior palate about 5-mm 
palatal to the second molars [20]. This could indicate that these patients could 
experience more dryness at the soft palate which is a part of the posterior 
palate in the present study.

In our study, the floor of the mouth was the wettest of all intra-oral regions. 
This finding is in line with previous studies [19, 20]. Another study also showed 
that the CODS item, no saliva pooling in the floor of the mouth, was only scored 
positively in the most severe hyposalivation patients [28]. However, three other 
studies only indicated the dorsal surface of the tongue as most wet [17, 18, 
21]. These differences can be explained by the fact that these studies only 
measured the saliva thickness at the tongue and did not investigate the floor 
of the mouth.

The salivary flow rates had only negligible correlations with the perceived 
oral dryness at the nine regions. This supports the hypothesis that flow rates 
and severity of xerostomia do not have to be correlated [16, 23, 34]. Pai and co-
workers explored self-reported dryness at four locations (lips, mouth, tongue, 
and throat) with a Visual Analogue Scale (VAS). They also found that the VAS 
scores showed little or no significant correlations with salivary flow rates [35].

Although the XI has been developed to quantify the overall feeling of mouth 
dryness, it contains some items referring to the dryness at different parts of the 

2
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body, for example the lips, the eyes, the skin, and the inside parts of the nose. 
As expected, XI items on extra-oral regions had poor correlations with regions 
of the RODI, whereas XI items related to dryness of the lips and difficulty in 
swallowing correlated higher with respectively upper and lower lip and pharynx 
of the RODI compared with all other regions. The regionally related CODS items 
also had a significant association with related regions in the RODI.

This study has some limitations. The patients who participated in this 
study are patients referred to a specialized saliva clinic. These patients suffer 
from saliva-related complaints and might be more concerned about their 
oral dryness than average patients suffering from dry mouth. Therefore, the 
results of this study could not be generalised to healthy subjects and other 
patients with dry-mouth complaints yet, and further studies with the RODI in 
other groups of patients seem warranted.

These subsequent studies could also explore different groups of patients, 
grouped according to the etiological factors for oral dryness. It is feasible that 
patients with oral dryness due to irradiation of the head and/or neck region 
might have another pattern of intra-oral dryness than patients suffering from 
Sjögren’s disease or medication-induced hyposalivation.

MAIN CONCLUSIONS

The present study suggests that there is a significant difference in dry-mouth 
feeling among different intra-oral locations, with the highest perceived oral 
dryness for the posterior palate and the lowest for the floor of the mouth. 
Introduction of the RODI might help to discriminate among different potential 
causes of oral dryness in patients and for evaluating the efficacy of mouth-
moistening products.
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ABSTRACT

Objectives
Recently, it was shown that the Regional Oral Dryness Inventory (RODI) could 
determine differences in dry-mouth perception at different intra-oral locations. The 
main aim of this study was to determine whether the RODI might help to discriminate 
between various causes of oral dryness in dry-mouth patients. The second aim 
was to ascertain whether the RODI could become an additional diagnostic tool in 
dry-mouth patients.

Materials and methods
Data were collected retrospectively from patients who visited a specialized 
saliva clinic. Salivary flow rates, Xerostomia Inventory scores, and RODI scores 
were extracted from the medical records. Patients were stratified into subgroups 
according to their health status.

Result
Five hundred twenty-eight patients participated in this study (mean age of 59.6 ± 
16.0 years; 68.4% female). Specific patient groups differed with regard to the region 
of the mouth they experienced as the most and least dry. The posterior palate was 
the area perceived as most dry by controls and Sjögren patients. In patients using 
limited or multiple medications, it was the anterior tongue. RODI scores also differed 
significantly among dry-mouth patient groups: whereas controls and patients using 
limited medication had the lowest RODI scores and experienced less intra-oral 
dryness, Sjögren patients had the highest RODI scores.

Conclusion
Our use of the RODI questionnaire showed that perceived intra-oral dryness differed 
between the various dry-mouth patients.

Clinical relevance
The RODI can be a valuable clinical diagnostic tool in dry-mouth diagnostics, in 
which it can be used to discriminate between the various causes of oral dryness 
in patients.

Keywords:
Dry mouth, Xerostomia, Salivary flowrate, Salivary pH, Xerostomia Inventory
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INTRODUCTION

Saliva plays a crucial role in the preservation and maintenance of oral 
health due to its multiple functions, which include buffering capacity, 
lubrication, moistening, microbial homeostasis, and wound healing [1–4]. The 
consequences when salivary flow is impaired are therefore multidimensional, 
transcending oral health. For example, hyposalivation increases the risk of 
dental caries, gingivitis, and periodontitis. In addition, patients with impaired 
salivary flow can experience dry mouth, oral discomfort and pain, difficulty in 
speaking, taste alterations, and difficulty in swallowing [1, 2, 5]. Altogether, the 
effects of hyposalivation can have physical, emotional, and social impacts, 
thereby negatively affecting the quality of life, and particularly oral health [5, 6].

Dry-mouth symptoms can be caused by the use of xerogenic medications 
or multiple medications, but also by radiotherapy of the head and neck region, 
systemic diseases such as Sjögren’s syndrome, and chronic stress [1, 5, 7, 8]. 
Obviously, dry-mouth symptoms may also be induced by a combination of 
factors [5]. For example, multiple medication usage is common in patients with 
Sjögren’s syndrome. These etiologic factors produce dry-mouth symptoms 
through a variety of mechanisms. For example, dry-mouth–inducing 
medications have anticholinergic or sympathomimetic actions that affect 
the neural control of salivary glands, have a cytotoxic effect on the salivary 
glands, have a diuretic effect that depletes fluids, or damage the ion-transport 
pathways in the acinar cells. Irradiation of tumour sites in the head and neck 
region can also damage the salivary glands, leading to complete dysfunction 
of acini. On the other hand, Sjögren’s syndrome induces progressive immune-
mediated self-destruction of the salivary glands and lacrimal glands [1, 5]. 
Several mechanisms thus lead to impaired salivary function, and, as a 
consequence, hyposalivation and xerostomia, i.e., perceived oral dryness.

As hyposalivation and xerostomia are not correlated per se [9, 10], any 
diagnosis of dry mouth should include objective parameters such as total 
salivary flow and subjective parameters such as total perceived oral dryness. 
However, due to the complex etiology of dry mouth and the various mechanisms 
underlying them, these parameters do not seem entirely discriminative. 
Diagnosis is difficult, especially for early-stage Sjögren’s patients who lack 
specific clinical manifestations and biomarkers [11]. As the median delay 
between the onset of Sjögren’s syndrome and diagnosis is 4 years (range 
0– 28 years) [12], these current diagnostic tools are not sufficient for a more 
advanced dry-mouth diagnosis.

3
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Recently, it was shown that a new questionnaire, the Regional Oral Dryness 
Inventory (RODI), could be used to determine differences in dry-mouth 
perception at different locations in the mouth [13]. The study in question 
concluded that the dry-mouth feeling differed significantly among intra-oral 
locations, with the highest perceived oral dryness in the posterior palate and 
the lowest in the floor of the mouth. It was speculated that, clinically, the RODI 
might help to discriminate between different potential causes of oral dryness 
in patients. It was thus hypothesized that patients with oral dryness caused by 
irradiation of the head and/or neck region might have a different distribution 
of intra-oral dryness than those with Sjögren’s disease or medication-induced 
dry mouth [13].

The main aim of this study was therefore to determine whether the RODI 
might help to discriminate between causes of oral dryness in dry-mouth 
patients. To contribute to the study of dry-mouth diagnostics, the second aim 
was to ascertain whether the RODI might become an additional diagnostic 
tool in dry-mouth patients.

MATERIALS AND METHODS

Study design
Data for this retrospective case report study were collected from patients at 
the saliva clinic of the Dutch Institute for Salivary Research in Bunschoten, the 
Netherlands. They had been referred to this clinic by their dentists, general 
physicians, and medical specialists between October 2012 and April 2019. 
All patients had hyposalivation, xerostomia, hypersalivation, or other saliva-
related problems. The study was approved by the Ethics Review Committee at 
the Academic Centre for Dentistry Amsterdam (ACTA, protocol number 201951). 
The reporting of this study conforms to the STrengthening the Reporting of 
OBservational studies in Epidemiology (STROBE) statement [14]. All data, 
questionnaires, and clinical variables were collected and interpreted by a 
single practitioner (CB) according to the standard operating procedures of 
the regular patient-care routine, which generally took approximately 25 min.

Data collection methods
The relevant data were extracted from the medical record by two abstractors 
(HZA and SSG). The following clinical data were retrieved: age, sex, health status, 
number of medications used, Xerostomia Inventory (XI) scores, Regional Oral 
Dryness Inventory scores, salivary flow rate and salivary pH of unstimulated 
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whole saliva (UWS), chewing-stimulated whole saliva (CH-SWS), and citric acid-
stimulated whole saliva (A-SWS). The extracted data were pseudonymized so 
they could no longer be traced back to the patients.

Because some questionnaires or salivary variables were incomplete, the 
total number (N) for some of the collected data differs. After data entry, one 
researcher (ZA) verified that data transfer for all records was correct.

Study variables

Questionnaires
When they visited the saliva clinic, all patients returned the prefilled 
questionnaires, including the Xerostomia Inventory (XI), the Regional Oral 
Dryness Inventory (RODI), and the European Medical Risk-Related History 
questionnaire. The XI consists of 11 items on a 5-point Likert scale ranging from 
1 = “Never” to 5 = “Very often.” The items concern patients’ oral dryness and 
mouth feel. Per item, patients indicate how often they experience problems 
regarding mouth feel and oral dryness. The scores of the 11 items are summed 
to produce a total XI score that ranges between 11 (no xerostomia) and 55 
(extreme xerostomia) [15].

The RODI questionnaire contains nine schematic illustrations of different 
locations in the oral cavity [13]. In our study, we used a slightly modified version 
with eight regions, excluding the throat. Four illustrations show areas in the 
upper jaw: the upper lip, the posterior part of the palate (from the rugae up 
to the end of the soft palate), the anterior part of the palate (including the 
rugae), and the inside part of the cheeks. The other four illustrations represent 
areas in the lower jaw: the lower lip, the anterior part of the tongue (from the 
tip of the tongue up to the vallate papilla), the posterior part of the tongue 
(from the vallate papilla up to end of the tongue), and the floor of the mouth. 
At each location, the patient uses a 5-point Likert scale ranging from 1 = “No 
dryness” to 5 = “severe dryness” to indicate the severity of the oral dryness 
they perceive [13].

The European Medical Risk-Related History questionnaire is an internationally 
validated patient-administered questionnaire that is used to map a patient’s 
current health status [16, 17]. On the basis of their health status, patients were 
allocated to the following groups: controls, patients using limited medication, 
patients using multiple medications, irradiated patients, irradiated patients 
using multiple medications, Sjögren syndrome patients, and Sjögren patients 
using multiple medications (Table 1 for further details).

3
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Only prescription medications that were used on a structural basis were 
counted. We scored different types of medication, but not their dosages.

We did not score the following types of medication and self-medication: oily 
crèmes, Vaseline-like ointments, over-the-counter drugs, vitamins (even if they 
had been prescribed by a physician), nutritional supplements, homeopathic 
remedies, and medications or products to relieve dry mouth or dry eye (such 
as artificial tears or dry eye gel/ointment, pilocarpine tablets or eye drops, 
artificial saliva, and mouth moistening gels or sprays). On the other hand, the 
following products were viewed as medication: corticosteroids or other anti-
inflammatory crème/ointments and eye drops or eye gels with corticosteroid or 
other anti-inflammatory medicaments. But if a patient indicated clearly that he 
or she used over-the-counter anti-inflammatory drugs such as paracetamol 
or ibuprofen daily, these, too, were considered as medication.
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Sialometry and salivary pH
The patients were instructed not to eat, drink, chew gum, brush teeth, use 
mouthwash, or smoke at least 1 h before their visit to the saliva clinic. The 
salivary flow rate was determined as described in the following references 
[18, 19]. At the time of saliva collection, patients were placed in a quiet room 
and asked to sit in an upright position. The UWS was collected by the draining 
method in a pre-weighed plastic container [19]. Patients were asked to collect 
unstimulated saliva immediately after an initial swallow, by expectorating into 
the container as soon as they had collected the saliva in their mouth. During 
saliva collection, patients were not allowed to swallow. To collect CH-SWS, 
they were asked to chew a 5 × 5-cm sheet of parafilm (Parafilm M, Pechiney, 
Chicago, IL, USA) at a frequency of approximately 60 chews per minute and 
to expectorate into a pre-weighed plastic container every 30 s. To stimulate 
A-SWS secretion, a citric acid solution (2% w/v) was applied with cotton buds 
to the lateral borders of the tongue at 30 s intervals [20]. When the collection 
period had finished, the plastic containers were reweighted, and the collected 
volume was determined by subtracting the weight of the container before 
collection. Salivary flow was calculated by dividing the volume collected 
(assuming 1 g of saliva equals 1 mL) by the collection time (min). Salivary flow 
rates were expressed in mL/min [19]. To limit circadian variations, all patients 
were randomly assigned a time slot between 8:00 and 12:00 A.M. [21].

To determine whether patients suffered from hyposalivation, the following 
cut-off values were used: UWS < 0.10 mL/min, CH-SWS < 0.70 mL/min, and ASWS 
< 0.70 mL/min [1].

The pH of saliva was measured immediately after saliva collection, within 
5 min to minimize loss of CO2 to the atmosphere. The saliva pH was measured 
with pH paper (Merck KGaA, Darmstadt, Germany).

Data analysis
The data were processed in Microsoft Excel and then converted into SPSS, 
version 25.0 (IBM Corp SPSS statistics, Armonk, NY, USA) for the statistical 
analysis. The Shapiro– Wilk test was used to assess the normality of the data. As 
not all variables were normally distributed, the data were presented as medians 
with their interquartile range (IQR). To clarify relatively small differences, the 
mean and standard deviation (SD) were also reported.

A Friedman test was conducted for the RODI scores of the total study sample, 
followed by a Wilcoxon signed-rank test as a post hoc procedure.
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The Kruskal-Wallis test was used to compare the different patient 
characteristics and RODI scores for all the various patient groups, followed by 
the Mann-Whitney U test as a post-hoc procedure.

The possible association between the RODI scores and the total XI 
scores was analyzed with a bootstrapped Spearman’s rank correlation test 
(1000 × bootstrapping). The Spearman’s rho coefficient and Bias-corrected 
accelerated (Bca) 95% confidence interval were extracted. The effect size of 
the correlation coefficient was interpreted as a negligible (r = 0.1–0.2), fair 
(r = 0.3–0.5), moderate (r = 0.6–0.7), or very strong (r = 0.8–0.9) correlation [22]. 
All significance levels (α) were set at 0.05.

RESULTS

Total study sample
A total of 528 health records were available. The mean age of participants 
in this study was 59.6± 16.0 years (N=522; the age of 6 participants was not 
documented). A majority of the patients were female (68.4%) (N=525; the 
gender of 3 participants was not documented). The RODI scores, XI scores, 
UWS, CHSWS, A-SWS salivary flow rates, and salivary pH were not normally 
distributed (Shapiro–Wilk test; p<0.01). Table 2 presents the various total XI 
scores, salivary flow rates, and salivary pH of the study sample. The flow rates 
suggested that the following proportions of the study sample were considered 
to have hyposalivation: UWS (33.4%), CH-SWS (55.2%), and A-SWS (29.6%). The 
mean number of medications used was 3 ±4, with a median of 2 and IQR of 
0–4 (N =518; the number of medications was not listed for 10 participants).

Regional Oral Dryness Inventory for the total study sample
Table 3 shows the medians, corresponding IQRs, and means with standard 
deviations for each of the eight intra-oral regions of the RODI. Perceived oral 
dryness in the overall sample differed significantly among the eight intra-
oral regions (Friedman test p<0.05, followed by Wilcoxon signed-rank test). The 
highest scores were found for the posterior part of the palate, and the lowest 
for the inside cheeks (Table 3).

3
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Table 2 Patient characteristics for the total study sample. The total N differs because some data 
were missing for some patients. The total XI scores, the unstimulated whole saliva (UWS), chewing-
stimulated whole saliva (CH-SWS), acid-stimulated whole saliva (A-SWS) flow rate (mL/min), 
and salivary pH of the study sample. Data are expressed as the median with the corresponding 
interquartile range (IQR) and as a mean with standard deviation (SD).

Saliva Mean ± SD Median ± IQR Number of subjects

UWS Flow rate (mL/min) 0.21 ± 0.21 0.16 ± 0.07–0.30 434

pH 6.38 ± 0.56 6.50 ± 6.10–7.00 416

CH-SWS Flow rate (mL/min) 0.76 ± 0.62 0.60 ± 0.30–1.10 446

pH 6.75 ± 0.58 7.00 ± 6.50–7.00 444

A-SWS Flow rate (mL/min) 1.28 ± 0.92 1.11 ± 0.57–1.80 450

pH 4.91 ± 1.04 4.60 ± 4.00–5.50 450

XI total score 31.8 ± 11.4 32.0 ± 23.0–40.0 507

Table 3 Perceived oral dryness in eight different intra-oral regions as determined with the Regional 
Oral Dryness Inventory (RODI) in the total study sample. Data are presented as median with 
corresponding interquartile range (IQR) and as a mean with standard deviation (SD).

Mean ± SD Median ± IQR
Total number of subjects 
for each intra-oral region

Upper lip 2.84 ± 1.28 3.00 ± 2.00–4.00 449

Posterior part of palatea 3.04 ± 1.30 3.00 ± 2.00–4.00 456

Anterior part of palateb 2.88 ± 1.31 3.00 ± 2.00–4.00 444

Inside cheeksa,b,c 2.51 ± 1.32 2.00 ± 1.00–4.00 447

Lower lipb,d 2.84 ± 1.30 3.00 ± 2.00–4.00 448

Anterior part of tonguea,d,e 2.96 ± 1.33 3.00 ± 2.00–4.00 445

Posterior part of tongued,e 2.99 ± 1.37 3.00 ± 2.00–4.00 452

Floor of the moutha,b,c,e,f,g 2.58 ± 1.35 3.00 ± 1.00–4.00 445

a Wilcoxon signed-rank tests: p < 0.05 vs. upper lip
b Wilcoxon signed-rank tests: p < 0.05 vs. posterior palate
c Wilcoxon signed-rank tests: p < 0.05 vs. anterior palate
d Wilcoxon signed-rank tests: p < 0.05 vs. inside cheeks
e Wilcoxon signed-rank tests: p < 0.05 vs. lower lip
f Wilcoxon signed-rank tests: p < 0.05 vs. anterior part of the tongue
g Wilcoxon signed-rank tests: p < 0.05 vs. posterior part of the tongue
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Various dry-mouth patient groups
The European Medical Risk-Related History questionnaire was completed by 
517 patients in the total study sample. On the basis of their health status, we 
distinguished seven different groups of patients (Table 1). All patient groups 
were included in the statistical comparisons, except for the RTX + High Med 
group, due to its small number of patients (N = 6).

Table 4 shows the different patient characteristics for all six patient groups. 
Low Med patients were the largest group, and RTX patients were the smallest. 
High Med patients had the highest mean age, while controls had the lowest.

There were significantly higher percentages of women in the SS and SS + 
High Med patient groups than in the other four patient groups (Table 4).

The number of medications used also differed significantly among the 
six patient groups; High Med and SS + High Med patients used the highest 
number of medications. All other patient groups used between zero and two 
medications (Table 4).

Controls had significantly lower total XI scores than all other groups, 
indicating that the overall dry-mouth feeling they experienced was less. On the 
other hand, SS and SS + High Med patients had the highest XI scores, indicating 
that their dry-mouth feeling was significantly more severe than that of controls, 
Low Med patients, and High Med patients (Table 4).

With regard to the salivary flow rates, there was a trend whereby controls 
and Low Med patients had the highest salivary flow rates for UWS, CH-SWS, 
and A-SWS, while SS and SS + High Med patients had the lowest (Table 4). The 
difference among the patient groups with the highest and lowest flow rate 
was significant for UWS, CH-SWS, and A-SWS. Only the pH of A-SWS differed 
significantly from that in the various patient groups, being significantly higher 
in controls and Low Med patients than in SS and SS + High Med patients.

Overall, these results indicate that controls and Low Med patients had the 
highest salivary flow rates and pH. These groups also experienced less overall 
dry-mouth feeling as measured with the XI. On the other hand, SS and SS + 
High Med patients had the lowest salivary flow rates and pH, indicating that 
their salivary glands produced less saliva and that their salivary pH was lower. 
Further, these patients had the highest XI scores, indicating that their overall 
dry-mouth feeling was more severe.

3
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Differences in perceived intra-oral dryness 

Regional Oral Dryness Inventory for the various dry-mouth patient groups
Tables 5 and 6 show the perceived oral dryness in eight different intra-oral 
regions as determined with RODI for the six patient groups. In these patient 
groups, all eight intra-oral regions differed significantly (Kruskal Wallis test, p 
< 0.01).

The first function of Tables 5 and 6 is to provide an overview of the regions 
that each of the six patient groups experienced as the most dry and least dry. 
While the most dry in controls and SS patients was the posterior palate, in Low 
Med and High Med patients, it was the anterior tongue. The region that was 
experienced as least dry also differed between groups. In Low Med, High Med, 
and SS patients, it was the inside cheeks; in controls, it was the floor of the 
mouth. In RTX and SS + High Med patients, there were no significant differences 
among the intra-oral regions.

The second function of Tables 5 and 6 is to present the RODI scores for 
all intra-oral regions for the upper jaw (Table 5) and lower jaw (Table 6). SS 
and SS + High Med patients had the highest RODI scores for all these regions, 
while controls and Low Med patients had the lowest. The difference among the 
patient groups with the highest and lowest RODI scores was significant for all 
eight intra-oral regions (Mann-Whitney U test, p < 0.05). This result indicates 
that SS and SS + High Med patients experienced more severe intra-oral dryness 
than controls and Low Med patients.

High Med patients experienced significantly more severe intra-oral dryness 
than controls and Low Med patients, as shown by the higher RODI scores for 
all eight regions. On the other hand, High Med and SS patients differed only 
significantly with regard to the RODI scores of the posterior palate, indicating 
that SS patients experienced more severe dryness of the posterior palate than 
High Med patients (Table 5).

The RODI scores highlighted significant differences between High Med and 
SS + High Med patients for several regions. Higher scores showed that SS + High 
Med patients experienced more severe dryness in the inside cheeks, posterior 
tongue, and floor of the mouth than High Med patients did.

RTX patients had a significantly higher RODI score than controls and Low 
Med patients only for the inside cheeks. The RODI scores of RTX and SS + High 
Med patients differed significantly for the floor of the mouth, RTX patients 
having lower RODI scores than SS + High Med patients. This means that RTX 
patients experienced the floor of the mouth as less dry than SS + High Med 
patients.

3

Binnenwerk_Zainab-Assy_v4.indd   59Binnenwerk_Zainab-Assy_v4.indd   59 05/02/2023   18:4405/02/2023   18:44



60

Chapter 3

As Tables 5 and 6 also show, SS and SS + High Med patients did not differ 
significantly, indicating that no clear distinction could be made between these 
two groups on the basis of their RODI scores.

Together, these results provide important insights into perceived intra-oral 
dryness in the various dry-mouth patient groups, which differed with regard 
to the regions they experienced as the most and least dry. Their RODI scores 
also differed significantly for the various intra-oral regions. The lowest RODI 
scores indicated that controls and Low Med patients experienced less intra-
oral dryness and the highest RODI scores that SS and SS + High Med patients 
experienced more.
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Relationship between the Regional Oral Dryness Inventory and the 
Xerostomia Inventory in various dry-mouth patient groups
Table 7 presents the Spearman’s correlation between the intra-oral region 
scores of the RODI and the total XI scores for the six patient groups.

The XI scores of controls, Low Med patients, and High Med patients correlated 
significantly with all eight intra-oral regions (Spearman’s rank test, p < 0.01). 
The correlation coefficients of these three patient groups ranged between 0.43 
and 0.66 and can be viewed as representing fair to moderate correlations.

The XI scores of RTX patients correlated significantly with only three regions: 
the anterior palate and the anterior and posterior tongue (Spearman’s rank 
test p < 0.05). These regions had a moderate to very strong correlation with the 
total XI scores (correlation coefficients between 0.69 and 0.78).

For SS patients, all regions except for the upper lip correlated significantly 
with total XI scores. The correlation coefficients of these regions ranged 
between 0.34 and 0.68. As for SS + High Med patients, only the following four 
regions correlated significantly with the total XI scores: the upper lip, the lower 
lip, the inside cheeks, and the floor of the mouth. Their correlation coefficients 
ranged between 0.57 and 0.63, which can be viewed as representing fair to 
moderate correlation.

Taken together, these results suggest that the correlations between the total 
XI scores of controls, Low Med, and High Med patients and all eight intra-oral 
regions of the RODI can be considered as fair to moderate. On the other hand, 
RTX, SS, and SS + High Med patients had only a small number of intra-oral 
regions that correlated significantly with the total XI scores. However, these 
correlations were stronger than the correlations of controls, Low Med, and High 
Med patients.

3
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DISCUSSION

The results of this study, in which we explored the RODI questionnaire in specific 
subgroups of dry-mouth patient groups, show that the regions of perceived 
intra-oral dryness differed between the groups. Controls and Low Med patients 
had the lowest RODI scores and experienced less intra-oral dryness than the 
other groups of patients. On the other hand, SS and SS + High Med patients 
had the highest RODI scores, meaning that they experienced more intra-oral 
dryness.

The RODI scores of our sample revealed that the posterior palate was 
experienced as the most dry, while the inside cheeks were experienced as the 
least dry. This result is consistent with the findings of a previous study in which 
patients also indicated that the posterior palate was the most dry [13].

Several factors make the palate more susceptible to oral dryness than 
other intra-oral locations: gravity, evaporation, and the paucity of palatal 
glands [23–25]. For the region that was experienced as the least dry, perceived 
dryness did not differ significantly between the inside cheeks and the floor of 
the mouth (Table 3). Both regions include orifices of the major salivary glands 
[23]. Because of their proximity to the orifices of the salivary glands, the saliva 
film in these regions is probably more moisturizing than the saliva film on the 
palate [24, 26–28]. For this reason, all patients experienced the inside cheeks 
and the floor of the mouth as less dry. This finding is comparable with that 
in the previous study, which found that patients experienced the floor of the 
mouth as the least dry [13].

Our results showed that the controls and SS patients experienced the 
posterior palate as the driest. Notably, they show that SS patients had 
significantly higher RODI scores (median score 4.00) for the posterior palate 
than controls did (median score 3.00). This can be explained by the fact that 
except for the palatal salivary flow rate [29, 30], the UWS flow rate in SS patients 
is lower [20, 29–34]. Indeed, the number of patients with xerostomia was higher 
in SS patients [29, 30, 32]. A plausible explanation is that the subjective feeling 
of xerostomia is strongly related to the UWS flow. In controls—who had sufficient 
UWS—the palatal glands contributed little to the dry-mouth feeling [28]. This 
suggestion is further supported by Wang and co-workers, who did not find a 
significant correlation between summated XI scores and minor salivary-gland 
flow rates [35]. This is consistent with the fact that under healthy conditions, the 
saliva secreted by the minor salivary glands’ accounts for less than 10% of whole 
saliva [36]. Additionally, SS patients have other saliva-related characteristics 
that induce dry mouth: an altered sialochemical composition, such as higher 

3
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concentrations of sodium, chloride, and phosphate [20]; a higher protein 
concentration on the palate [37]; a significantly reduced saliva film on the hard 
palate; a reduced spinnbarkeit of UWS; and an altered glycosylation of salivary 
mucins [38]. In conclusion, a drier mouth could be induced in SS patients when 
altered rheological properties of saliva, reduced mucosal hydration (due to a 
reduced saliva film), and altered glycosylation combine to cause functional 
loss of the salivary coating and the lubricating properties of saliva [38].

Low Med and High Med patients experienced the anterior tongue as 
the most dry. Other studies reported that the thickness of saliva film on the 
anterior tongue was significantly less in dry-mouth patients—including those 
with medication-induced hypofunction—than in healthy controls [28, 31, 
37, 39]. The saliva-film thickness on the anterior tongue was approximately 
half of that in controls. In some dry-mouth patients who could not secrete 
unstimulated saliva, it was even less than that [28]. This finding was confirmed 
by another study that indicated that oral mucosal wetness varied with the 
resting salivary flow rate; the lower the flow rate, the thinner the salivary film 
[27]. Thus, xerostomia was apparent when the salivary flow rate was half of its 
normal value [9, 40, 41].

Reduction of the salivary flow rate and thereby a reduced salivary film 
thickness on the anterior tongue might therefore explain why Low Med and 
High Med patients experienced the anterior tongue as the most dry. Besides, 
the threshold for perceiving dryness is about ≤ 10 μm—the same as that seen 
in the study of Lee and co-workers [28]. The significantly lower salivary flow 
rates in High Med patients than in controls (Table 4) may have induced a very 
low saliva-film thickness on the anterior tongue below this threshold, thereby 
causing dryness of the tongue.

Some of the controls in our study had a low salivary flow rate and at times 
even had hyposalivation of UWS and CHSWS (Table 4). Explanations for this 
may lie in these participants’ age and the possibility that participants had 
systemic disorders other than Sjögren’s syndrome that were associated with 
salivary dysfunction. The salivary flow rate in older people, even those not using 
systemic drugs, was significantly lower, especially in non-medicated women 
in the 45–54 age groups [42]. This finding corresponds with the mean age in 
our control group (50.6 ± 17.7 years), in which most participants were female 
(64.2%). Other systemic conditions such as endocrine disorders (diabetes 
mellitus), neurological disorders (Parkinson’s disease), and metabolic disorders 
(dehydration) have also been associated with a lower salivary flow rate [1].

Within our study sample, the SS and SS + High Med patients had the lowest 
salivary flow rates and a reduced pH of A-SWS: proof of hypofunction of the 
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salivary glands. As one would expect, these patient groups also had the highest 
XI scores and RODI scores for all intra-oral regions. The severe mouth dryness 
(both overall dry-mouth experience and intraoral dryness) they experienced 
may have been due to the reduced flow rate, but also to altered rheological 
properties of saliva, and altered glycosylation of mucins.

The RODI questionnaire nonetheless seemed capable of differentiating 
between dry-mouth patient groups. For example, SS patients could easily be 
differentiated from controls, Low Med, and High Med patients, as Low Med and 
High Med patients experienced the anterior tongue as the most dry, while SS 
patients experienced the posterior palate as the most dry. On the other hand, 
SS patients had more severe dryness of the posterior palate than controls. 
These differences in intra-oral dryness can be diagnosed only using the RODI 
questionnaire and not the XI, as the latter is used only to diagnose the overall 
dry-mouth experience. For this reason, the RODI questionnaire may be a 
valuable tool in dry-mouth diagnostics.

It is interesting to note that there were no significant differences between 
RODI scores in RTX patients. Even when these scores were compared with those 
of other patient groups, few regions showed intra-oral differences. These results 
might be related to a lack of statistical power, as the RTX group only comprised 
10 subjects. However, RTX patients are not usually difficult to identify, because 
they can indicate whether they have been treated with radiotherapy of the 
head and neck region. Most patients will also have been referred to their dentist 
before and after radiotherapy [43, 44].

With regard to the association between the RODI score and the total XI 
scores in various dry-mouth patients, the correlations in the RTX, SS, and SS 
+ High Med patient groups were stronger than the other patient groups. The 
correlations for these patients were especially strong for the floor of the mouth 
and for the anterior and posterior tongue (Table 7). These indicate that patients 
with a very dry mouth overall (higher XI scores) will also experience more 
severe oral dryness on the floor of the mouth, and on the anterior and posterior 
tongue (higher RODI scores for these regions). A previous study that used the 
Clinical Oral Dryness Score (CODS), a clinical tool to semi-quantitatively assess 
oral dryness, also found that the CODS items “No saliva pooling in the floor 
of mouth” and “Tongue fissured” scored higher in the hyposalivation group 
[18]. This idea was supported by Osailan and co-workers, who reported that 
the clinical features of oral dryness that are included in the CODS—such as 
fissured or depapillated tongue, and lack of saliva pooling in the floor of the 
mouth—are recognized signs of chronic hyposalivation [31]. Other clinical 
features of their study, such as a mirror sticking to the tongue, a lack of saliva 

3
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pooling in the floor of the mouth, and a tongue showing loss of papillae, can 
be associated with a moderate but significant reduction in mucosal wetness 
[31]. The combination of their findings with ours confirms that an important role 
in dry-mouth perception may be played by two regions: the floor of the mouth 
and the anterior and posterior tongue. Potentially, the RODI questionnaire would 
thus play a useful role in early dry-mouth screening, when a patient could be 
asked specifically about dryness of the floor of the mouth, and of the anterior 
and posterior tongue. If high RODI scores (score ≥ 3) are obtained for these 
regions, further dry-mouth diagnostics may be implemented.

A possible limitation of the current study is that the patients included were 
allocated to the various dry-mouth patient groups on the basis of their self-
reported answers to the European Medical Risk-Related History questionnaire 
[16, 17]. A patient’s health status was thus dependent on his or her reportage. In 
most cases, there was no confirmation by a physician or a pharmacist either 
that the patient had Sjögren’s syndrome, or had been irradiated in the head 
and/or neck region, or about the number of prescription medications that were 
used. While this information was sometimes confirmed in the referral letter or a 
medication overview provided by a pharmacist, it was not always available for 
all patients. The data of this study therefore need to be interpreted with caution. 
However, the European Medical Risk-Related History questionnaire has a high 
validity. In previous studies that compared the results of this questionnaire with 
those of a verbal history taken by a physician experienced in pre-assessment 
control, sensitivity ranged between 88% and 92%, and specificity was 98–99% 
[45, 46].

Another possible limitation of the current study is the bias that may have 
resulted from our collection of saliva at the beginning of a working day, when 
the unstimulated flow rate changes most rapidly [21]. However, as all patients 
had been randomly assigned to time slots between 8:00 and 12:00, this 
potential bias was evenly distributed over the total study sample.
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MAIN CONCLUSIONS

The present study shows that the RODI questionnaire was able to identify 
differences between perceived intra-oral dryness in various dry-mouth 
patient groups. Dry-mouth patients differed with regard to the regions they 
experienced as the most and least dry. Controls and SS patients experienced 
the posterior palate as the most dry, and Low Med and High Med patients the 
anterior tongue. The RODI scores for the various intra-oral regions differed 
significantly among dry-mouth patients. SS and SS + High Med patients had 
the highest RODI scores for all intra-oral regions, while controls and Low Med 
patients had the lowest. These findings suggest that the RODI questionnaire 
might be a useful additional diagnostic tool for dry-mouth diagnostics, as 
it may be used to discriminate between potential causes of oral dryness 
in patients. With the help of this questionnaire, SS patients could be easily 
differentiated from controls, Low Med, and High Med patients.

The RODI might play an important role in early dry-mouth diagnostics as 
the floor of the mouth, and the anterior and posterior tongue of the RODI may 
play important roles in dry-mouth perception.

3
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Chapter 4

ABSTRACT

Purpose Determination of intra-oral surface areas might contribute to our 
understanding of the physiology of the oral cavity and oral diseases. In previous 
studies, the intra-oral surface area was determined using a laborious and 
technically challenging method. Our aim was to develop an easy and non-
invasive method to determine the intra-oral surface areas.

Methods In this study, we used cone-beam computed tomography (CBCT) and 
digital analysis in 20 human cadavers to determine various intra-oral surface 
areas, based on digital segmentation. Next, we explored whether there was 
a relationship between various intra-oral surface areas and anthropometric 
measurements of the head using Pearson correlation coefficient.

Results Using CBCT and digital analysis, it was possible to determine various 
intra-oral surface areas. On average, the total intra-oral surface area was 173 
± 19 cm2. Moderate, statistical significant correlations were observed between 
(1) the length of the head and the palatal surface area, as well as (2) the depth 
of the head and the surface area of the tongue. These correlations suggest 
the feasibility of estimating intra-oral surface areas without relying on CBCT 
imaging.

Conclusions This study presents a technique for measuring the intra-oral 
surface areas by CBCT imaging in combination with digital analysis. The results 
of this study suggest that anthropometric measurements of the head might 
be used to estimate the surface areas of the palate and tongue.

Keywords Tongue, Palate, Anthropometry, Cone-Beam Computed Tomography
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INTRODUCTION

Knowledge of the integrity and anatomy of the intra-oral surface areas, 
including the oral mucosa, contributes to a better understanding of the 
physiology of the mouth and the oral health [23]. In addition, knowledge of the 
intra-oral anatomy and surface areas is important for therapeutic purposes 
[23], for example in orthodontic treatment and maxillofacial surgery.

Under healthy conditions, the intra-oral surfaces are covered by a salivary 
film, which moistens the oral cavity [3, 24]. In this light, the size of the intra-oral 
surface area has previously been measured to determine the distribution and 
average thickness of the salivary film covering the teeth and oral mucosa [8, 19, 
29]. For this reason, dental impressions were made of all structures (including 
hard and soft tissue) inside the oral cavity. Then, from these impressions, stone 
models were produced and covered with aluminium foil. Subsequently, this foil 
was weighed, and surface areas were deduced [8, 19, 29]. This foil technique 
has been proven to be reproducible [8, 19, 29]. However, the adaptation of the 
foil onto the models without stretching appeared to be technically challenging, 
as stretching would possibly lead to thinning of the foil and subsequent 
underestimation of the surface [8]. Another reported challenge was the 
difficulty to manually extend the foil completely into all interdental spaces, 
the labial and buccal vestibular mucosa.

Aiming to provide an alternative method, we performed a study to quantify 
the intra-oral surface areas using cone-beam computed tomography (CBCT) 
in combination with digital analysis. This method was inspired by previous 
studies, in which CBCT was used for soft tissue analysis including determination 
of the void volume of the oral cavity [5, 11, 18, 28]. CBCT involves the use of ionizing 
radiation, rendering this approach unsuitable for routine medical care. This led 
to the concept to investigate correlations between facial anthropomorphic 
measurements and intra-oral surface areas. It was, therefore, hypothesized 
that a relation between anthropomorphic measurements and intra-oral 
surfaces would potentially enable easy approximation of the intra-oral surface 
area in a chair-side medical setting, without exposure to radiation. For ethical 
reasons, we explored this hypothesis on cadavers.

4
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MATERIALS AND METHODS

Cadavers
In total, 23 human cadaver heads were provided by the Anatomical-
Embryological Laboratory of the University of Amsterdam. All cadavers were 
testamentary donations of volunteers to this department. The use of the 
material was in accordance with the Dutch Law (Wet Medisch-wetenschappelijk 
Onderzoek met Mensen, WMO) and the study was approved by the ethical 
committee of Academic Centre for Dentistry Amsterdam (ACTA, protocol 
number 2017011).

Arterial embalming has been used to fixate whole body cadavers [6, 12, 
25]. A chemical preservative based on formaldehyde was injected through 
the femoral artery with slight pressure to prevent deformation of the blood 
vessels in the head. Afterwards, the head was dissected and preserved in a 
mixed solution of 16.7% glycerol, 8.3% ethanol, and 0.21% phenol.

The cadaver heads all had a complete oral cavity, with the mandibula, the 
maxilla, the palate, soft tissues and some teeth present. As metallic restoration 
materials cause scattering on CBCT images, and hence reduce soft-tissue 
visualization by loss of contrast resolution and image artifacts [2], all metallic 
materials were removed prior to CBCT scanning.

Cadavers previously dissected in the intra-oral region or cadavers in which 
mouth opening was impossible were excluded. In this way, three of the 23 
cadaver heads were excluded from this study. In the case of seven cadavers, 
no information about their sex and age was available. The mean age at death 
of the remaining 13 cadavers was 83 years (range 70–96 years) with a female–
male ratio of 8:5. Prior to analysis, the cadavers were removed from the fixation 
liquid and air dried in a fume cupboard. Additionally, the oral cavity was dried 
using cotton rolls (PURE, Akzenta International Sa., Chiasso, Switzerland).

Analysis of anthropometric measurements
The distance between anthropometric landmarks was measured by two 
independent measurements using an anatomical sliding calliper (resolution 
0.5 mm) which conforms to other studies (Table 1 and Fig. 1) [7, 9, 10, 17, 26].
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Fig. 1 Schematic illustration of human head with all the anthropometric measurements used in this 
study. Each number indicates a different proportion, Table 1 for the exact definitions; length of the 
head (I), width of the head (II), depth of the head (III), face height (IV), lower face height (V), nose 
height (VI), width of the mouth (VII), upper face height (VIII), upper lip height (IX), mandible height 
(X) and tragus–gnathion distance (XI).
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Removal of metallic restoration materials and preparation of the cadavers 
for CBCT
After conducting anthropometric measurements, atraumatic extraction of 
teeth restored with metallic materials was performed to prevent scattering in 
the CBTC scan. The remaining teeth were all-natural teeth with an average of 
8.7 teeth in total (SD: 6.2) and a mean number of 5.4 teeth (SD: 3.3) in the lower 
jaw and 3.3 teeth (SD: 3.8) in the upper jaw. Following extraction, the wet cotton 
rolls were removed and replaced by six styrofoam bars of approximately 5 × 
1 × 1 cm, as styrofoam is undetectable by CBCT and does not absorb fluid, in 
contrast to the cotton rolls. The styrofoam bars were placed in the oral cavity 
to separate the cheeks and tongue from the oral mucosa and oral gingiva 
at the following locations: one between the cheek and the lower teeth on the 
left and right sides, one at both sides between the cheek and the upper teeth 
and another one was placed between the tongue and teeth at both sides. In 
some cases where the tongue contacted the palate, additional styrofoam bars 
were placed between the tongue and the palate. To separate the lips from the 
frontal teeth, a lip retractor (Henry Schein Dental, Melville, NY, USA) was used [5, 
18, 28]. The lip contractor facilitated the insertion of styrofoam bars into the oral 
cavity but did not influence tissue stretching as the cadavers were preserved 
in a fixative, which had solidified the tissues.

4
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CBCT scanning
CBCT scans were acquired using a NewTom 5G CBCT scanner (QR systems, 
Verona, Italy) at 110 kV, 4 mA, 0.3 mm voxel size and exposure time of 3.6 s. 
Each cadaver was covered with a plastic bag and placed inside the scanner 
as described in the users’ guide. The selected field of view was 12 cm × 8 cm. 
After selecting patient scan protocol, a regular scan (scanning time 18 s) with 
a boosted dose was initiated. The scans were saved as Digital Imaging and 
Communications in Medicine (DICOM) files.

CBCT analysis
The DICOM files were reconstructed using Matlab R2019a (Mathworks, Natick, 
MA, USA). Reconstruction involved segmentation at − 300 Hounsfield units (HU) 
for soft tissue and 350 HU for bone, filtering with a small smoothing kernel, 
a morphological closing and conversion to stereolithography (STL) format. 
Morphological closing is an operation on binary images to remove small gaps 
while preserving the overall shape and size. In our case, this operation was used 
to fill small air bubbles in the cadaveric tissue. Subsequently, the STL objects 
were analyzed in Meshmixer (Autodesk, San Rafael, CA, USA) independently 
by two researchers (ZA and CK). This analysis involved manual separation 
of the intra-oral cavity into four regions (Fig. 2): (I) the hard palate, bounded 
anteriorly and laterally by the maxillary alveolar ridge and posteriorly by the 
bony pterygoid hamuli. The bony reconstruction was used to determine the 
positions of the pterygoid hamulus, (II) the tongue, bordered anteriorly and 
laterally by the mandibular alveolar ridge. Posteriorly, the tongue was limited 
to the alveolar ridge on the sides and medially to the top view projection of the 
bony pterygoid hamulus, (III) the hard tissue region was defined as the total of 
all crowns in situ and dental alveoli of extracted teeth, and (IV) the remaining 
soft tissue was classified as mucosa, anteriorly limited by the crease of the lip 
retractor.

After segmentation, the surface areas (in cm2) of the four separate regions 
were determined in Meshmixer.
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Fig. 2 The four different regions segmented in this study from two different views. a The palatal 
surface area is shown in blue color. b The tongue surface area is shown in pink color. c The hard 
tissue surface area is shown in green color. d The mucosal surface area is shown whereby the 
palatal, tongue and hard tissue surface areas are made invisible.
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Statistical analysis
For statistical analysis, SPSS version 25.0 (IBM Corp SPSS statistics, Armonk, 
NY, USA) was used. The intraclass correlation coefficient (ICC) was used 
to determine the degree of agreement between the anthropometric 
measurements and the oral surface areas. A two-way mixed, absolute 
agreement, average-measures ICC was calculated for the anthropometric 
measurements. To measure the agreements between the different researchers 
for the oral surface areas, a two-way random, absolute agreement, average 
measures ICC was used [14, 21]. The reliability index is indicative of poor (values 
less than 0.5), moderate (between 0.5 and 0.75), good (between 0.75 and 0.9) 
and excellent (greater than 0.90) reliability [20].

The mean of the two anthropometric measurements and the mean of 
different intra-oral surface areas were used for further analysis. The relationship 
between anthropometric measurements and the intra-oral surface area 
was analyzed by a Pearson correlation coefficient. The size of the correlation 
coefficient was interpreted as negligible (r = 0.1–0.2), fair (r = 0.3–0.5), moderate 
(r = 0.6–0.7) or very strong (r = 0.8–0.9) correlation [1]. An ANOVA one-way test 
was performed to check for significant differences between females and 
males. All significance levels (P) were set at 0.05.

RESULTS

Intra-oral surface areas
Using CBCT and digital analysis, it was possible to determine the intra-oral 
surface area. The median of the ICC for the intra-oral surface areas was 0.95 
(Table 2). The resulting ICC for the different areas was good or excellent. The 
mean and standard deviation for the intra-oral surface areas, determined by 
CBCT and digital analysis, were calculated for the total cadavers, and females 
and males separately (Table 2). The mean intra-oral surface area of all the 
included cadavers was 173.3 ± 19.3 cm2. ANOVA testing found no significant 
differences in mean surface areas of the four different regions and the total 
surface area between females and males.

Anthropometric measurements
The ICC for the anthropometric measurements is presented in Table 3. The 
median of the ICC for the anthropometric measurements was 0.91. The resulting 
ICC was in the good or excellent range except for two measurements. The 
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length of the head and the mandible height were in the moderate range, 
indicating less agreement between the first and second measurements.

The anthropometric measurements for all the cadavers are also shown in 
Table 3. The mean and standard deviation for the different anthropometric 
measurements are presented for all cadavers, female and male cadavers. The 
results of seven cadavers were not reported separately because their gender 
was unknown.

Most of the anthropometric measurements showed signifcant diferences 
between females and males (Table 3). For all measurements, males showed 
higher values compared to females, except for the palatal width, which was 
significantly larger in females compared to males.

Table 2 The mean and standard deviation of the intra-oral surface area (in cm2) for the cadavers, 
stratified according to gender.

Surface area in c m2 Total (N = 20) Female (N = 8) Male (N = 5)
P-value difference 
female vs male ICC

Palate 20.0 ± 2.88 20.0 ± 1.78 19.4 ± 4.05 0.748 0.77

Tongue 35.2 ± 5.16 35.0 ± 3.26 34.0 ± 3.67 0.633 0.90

Hard tissue 21.5 ± 11.06 26.4 ± 10.32 15.6 ± 9.76 0.087 0.95

Mucosa 96.6 ± 12.10 94.8 ± 14.55 96.9 ± 12.6 0.792 0.95

Total area 173.3 ± 19.3 176.1 ± 18.6 165.9 ± 18.2 0.353 0.99

N indicates the number of cadavers. The P-value of the ANOVA one-way test is shown. 
The ICC indicates the degree of agreements between the different researchers for the 
oral surface areas. For 7 cadavers the gender was unknown, for this reason they are 
not included in the ANOVA comparison.

4
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Table 3 The mean and the standard deviation of anthropometric measurements (in cm) for the 
cadavers, stratified according to gender.

Anthropometric 
measurements in cm
(ref Fig. 1) Total (N = 20) Female (N = 8) Male (N = 5)

P-value
difference
female vs male ICC

Length of head (I) 22.8 ± 0.99
(N = 12)

22.3 ± 1.10
(N = 5)

23.4 ± 0.95
(N = 3)

0.195 0.64

Width of head (II) 15.8 ± 0.89 15.6 ± 0.56 16.6 ± 1.29 0.076 0.96

Depth of head (III) 18.8 ± 0.75
(N = 18)

18.5 ± 0.70
(N = 8)

19.0 ± 0.48
(N = 3)

0.380 0.95

Face height (IV) 14.1 ± 1.04 13.8 ± 0.62 15.1 ± 1.09 0.023 0.96

Lower face height (V) 8.3 ± 0.81 8.2 ± 0.51 8.7 ± 1.16 0.303 0.91

Nose height (VI) 6.1 ± 0.53 5.8 ± 0.44 6.6 ± 0.56 0.018 0.83

Width of mouth (VII) 5.6 ± 0.52 5.7 ± 0.38 5.8 ± 0.51 0.534 0.90

Upper face height (VIII) 8.1 ± 0.65 7.8 ± 0.58 8.7 ± 0.58 0.015 0.91

Upper lip height (IX) 2.2 ± 0.31 2.1 ± 0.25 2.5 ± 0.33 0.021 0.92

Mandible height (X) 4.7 ± 0.61 4.4 ± 0.36 5.2 ± 0.64 0.011 0.66

Mandibular length (XI) 14.7 ± 0.81 14.4 ± 0.47 15.8 ± 0.56 0.001 0.88

Palatal width 4.3 ± 0.31 4.4 ± 0.23 3.9 ± 0.24 0.006 0.96

N indicates the number of cadavers. The P-value of ANOVA one-way test is shown. The 
ICC indicates the degree of agreement between the two independent anthropometric 
measurements. For 7 cadavers the gender was unknown, for this reason they are not 
included in the ANOVA comparison.
Different N as in some cases this anthropometric measurements could not be 
performed.

Relation between intra-oral surface areas and anthropometric 
measurements
A moderate positive correlation was found between the surface of the 
palate and the length of the head, Pearson’s r(12) = 0.59, P = 0.045. Also, the 
surface of the tongue and the depth of the head were positively correlated, 
Pearson’s r(18) = 0.50, P = 0.036. The Pearson correlation analysis did not reveal 
significant relations between anthropometric measurements and the total 
intra-oral surface area (P value varying from 0.097 for the palatal width and 
0.995 for the upper face height). Also, no significant correlation was found for 
the surface area of the hard tissue and the mucosa with the anthropometric 
measurements.
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DISCUSSION

Using CBCT and digital analysis, it was possible to determine the intra-oral 
surface area. The good and excellent ICCs for the various intra-oral surface 
areas indicated that this technique is reliable. After the analysis of 20 available 
cadaver heads, it was found that the average total intra-oral surface was 173 
± 19 cm2. In addition, moderate significant correlations between the length of 
the head and the palatal surface area and between the depth of the head and 
tongue surface area were observed.

The current study is not the first study to investigate the relationship 
between extra-oral and intra-oral measurements. Inoue and co-workers 
found significant correlations between the body profile (especially weight 
and Body Mass Index) and the salivary gland size [16]. This indicates the 
possibility to estimate the size of the oral structures by determining extra-oral 
measurements. In contrast to our study, they found a stronger correlation. A 
possible reason for this fact could be that they included more subjects (50 
young adults vs. 20 cadavers). Another possibility is that some of the cadaver 
heads included in the current study were incomplete. As a consequence of 
missing part of the skull (N = 8 cadavers), the ICC of the length of the head was 
moderate. So, the number of included cadavers and the incompleteness of the 
cadaver heads could have influenced the strength of the correlation between 
anthropometric measurements and the intra-oral surface area.

The mucosal surface area was found to be 152 ± 16 cm2. In comparison, 
the mucosal surface area found by Naumova and co-workers, who included 
cadavers of elderly individuals (age 65–75 years), was 197 ± 24 cm2 [23]. A 
possible explanation for this difference might be that, in contrast to our 
method, Naumova and co-workers used the aluminium foil technique where 
the outlines of the foils were digitized into AutoCAD [23]. Additionally, they used 
a profilometer to investigate the dorsal side of the tongue, which measures the 
tongue surface at high resolution on microscopic level [23]. The dorsal surface 
of the tongue is covered with lingual papillae which give the tongue an irregular 
surface texture. As a consequence, the use of this technique may have led to 
the determination of apparent larger surface areas than those found in the 
present study using CBCT.

Other investigators also used the foil technique to determine the surface 
area in different regions of the mouth including the teeth. Two studies 
determining the oral surface areas in infants found that the average total 
surface area ranged between 118 ± 8 and 143 ± 15 cm2, which obviously is 
smaller than the surface area in the cadavers of the elderly subjects in the 

4
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current study (173 ± 19 cm2) [19, 29]. This age-related increase of the surface 
area is partly due to the growth of the face and partly to the development of 
the dentition [15, 27, 29]. Adolescents showed an average intra-oral surface 
area of 167 ± 13 cm2, which is comparable to the findings of the present study 
[19].

Collins and Dawes also calculated the surface area for twenty living adults 
using the foil technique [8]. The mean surface area in their study was found 
to be 215 ± 13 cm2, which is larger than the surface area found in the present 
study, i.e. 173 ± 19 cm2. This difference could be attributed to the contribution of 
the teeth surface area to the total area. Collins and Dawes included subjects 
having an average of 28 teeth, whereas the cadavers in this study had an 
average of 8.7 teeth. For this reason, the surface area of the teeth in the study 
of Collins and Dawes (45 ± 5 cm2) is approximately twice the surface area of 
all the hard tissue measured in the present study (22 ± 11 cm2).

In accordance with the present study, Collins and Dawes found comparable 
surface areas for the mucosa and the palate [8]. The mean surface areas of 
the total mucosa and palate in their study were 96 and 20 cm2, respectively, 
which is comparable to the present study. However, the surface area of the 
tongue differed from our study as Collins and Dawes found a surface area of 52 
cm2 compared to 35 cm2 in the present study. Possibly, these differences may 
be caused by the incomplete measurement of the posterior tongue surface 
and variation in mouth opening of the cadavers. In some cases, the posterior 
tongue was not completely separated from the palate with the concomitant 
risk of missing data on the CBCT scan. Due to limited access to the oral cavity, 
it was not possible to verify whether the posterior part of the tongue was 
completely separated from the palate. Additionally, in the current study the 
length of the tongue was determined by a line on the dorsum of the tongue, 
corresponding to the bony pterygoid hamuli. However, the cadavers varied 
in mouth opening, which seemed to introduce variation in the length of the 
tongue.

Consistent with the present study, Collins and Dawes found no significant 
gender differences in the surface areas for any of the intra-oral regions [8]. 
The current study revealed a significant difference in some face proportions 
between females and males. This finding is broadly supported by the work of 
other studies describing the association between gender and anthropometric 
orofacial measures, mentioning larger measures for males than females [13, 
22, 30].

This study has also some potential limitations. It has to be taken into 
account that the upper part of the palate was imaged incompletely in some 
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cadavers due to a limited field of view. The missing data were reconstructed 
in Meshmixer by flat filling the defect; for this purpose, the “Inspector” analysis 
tool of Meshmixer was used. Given this fact, the surface area of the palate can 
be considered a calculated approximation for some cadavers. However, on 
average, the palatal surface area found in the present study (20.0 cm2) was in 
accordance with two other studies (ranging between 18.0 and 20.1 cm2) [8, 19].

Besides, it has to be noted that soft tissues of living persons are more 
flexible than those of embalmed cadavers. In line, several articles mention that 
embalming procedures following Thiel’s method (main component boric acid) 
or Imperial College London soft-preservation (main component 80% phenol) 
give better flexibility and tissue quality than other methods [4, 6, 12, 25]. The 
embalming technique in the current study might have led to the solidification 
of the soft tissues.

CONCLUSION

The current study presents a reproducible technique for the determination of 
intra-oral surface areas using CBCT and digital analysis. In addition, this study 
indicates that moderate, but statistically significant, correlations exist between 
(1) the length of the head and the palatal surface area, as well as (2) the depth 
of the head and the surface area of the tongue. Based on these findings, we 
postulate that it would be possible to estimate individual intra-oral surface 
areas in situ by measuring facial features.

4
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ABSTRACT

Purpose
Saliva distribution over the palatal surface plays an important role in the perception 
of dry mouth. It is envisaged that non-invasive estimation of the palatal surface area 
by anthropometric measurements of head and face can be useful in the assessment 
of oral dryness. For this purpose, the relationship between the palatal surface area 
and anthropometric measurements of the head and face was investigated.

Methods
The palatal surface was measured in 51 healthy volunteers using an intra-oral 
scanner. The distances between anthropometric landmarks of the head and face 
were determined using an anatomical sliding calliper. Correlations between the 
palatal surface area and the anthropometric landmarks were investigated.

Results
The median palatal surface area for the total study sample was found to be 2120.6 
mm2. Virtually all anthropometric measurements showed significant differences 
between females and males. Various head and face measurements had a 
significant correlation with the palatal surface area. However, these correlations 
disappeared when the participants were stratified based on their sex, with the 
exception of mandibular length and palatal width in females.

Conclusion
The surface area of the palate correlates with nearly all anthropometric 
measurements of the head and face included in this study, yet the clinical 
applicability seems limited to females.

Keywords
Anthropometric measurements, Palatal surface area, Head and face dimensions, 
TRIOS 3 scanner.
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INTRODUCTION

Human saliva is predominantly produced by three pairs of major glands 
known as the parotid, submandibular, and sublingual glands. These glands 
are responsible for the production of 90% of the volume of saliva [8]. Each of 
the glands excretes saliva with a unique consistency into the oral cavity via 
various salivary ducts [14]. The opening of these salivary ducts is located in 
various intra-oral locations, such as the buccal mucosa for the parotid glands 
and the floor of the mouth for the sublingual, and submandibular glands [14].

After secretion, saliva is distributed over the various intra-oral surfaces, 
especially during chewing and swallowing [16, 29]. Several studies have 
explored the thickness of the salivary film covering the teeth and oral mucosa 
at various intra-oral locations [6, 15, 28]. The salivary film thickness at the 
anterior part of the palate seems to be relatively thin compared to other intra-
oral surfaces [4, 5, 10, 18, 22, 23, 25, 29, 30]. In addition, in patients suffering from 
hyposalivation, a lower salivary film thickness at the anterior palate than in 
healthy controls was observed [4, 5, 10, 18, 22, 23, 25, 29, 30].

Next to e.g. the salivary volume, the size of the surface area of the intra-oral 
regions relates to the salivary film thickness. To investigate the surface area 
of the oral cavity, previous studies used the so-called foil technique; stone 
models of dental impressions were prepared and covered with aluminium 
foil. Subsequently, this foil was weighed to deduce the surface area [6, 15, 28]. 
Despite the fact that this foil technique has been proven to be reproducible 
[6, 15, 28], some drawbacks were noted as well; adaptation of the foil onto the 
models without stretching appeared challenging. Besides, it was difficult to fold 
the foil completely into interdental spaces, and around the labial and buccal 
vestibular mucosa [6]. Therefore, in a recent study, an alternative strategy was 
explored using cone-beam computed tomography (CBCT) in combination 
with digital analysis [3]. Though, in contrast to the studies which used the foil 
technique, the CBCT analysis was performed on cadavers [3]. It was found that 
CBCT analysis had good reliability for measuring various intra-oral surface 
areas such as the palate, tongue, mucosa, and hard tissues. The studies using 
the foil technique and the CBCT analysis showed almost identical results for 
the palatal surface area (20.1±1.9 vs. 20.0±2.9 cm2) [3, 6]. In the cadaver study, 
the sizes of several intra-oral surface areas, including the palatal surface 
area, were related to facial anthropomorphic measurements [3]. Moderate, 
yet statistically significant correlations were observed between the palatal 
surface area and the length of the head, as well as the surface area of the 
tongue and the depth of the head [3].

5
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However, it was postulated that the study was limited by the fact that soft 
tissues of the cadavers were solidified by their embalmment in a formaldehyde 
solution, which would lead to a suboptimal approximation of the surface areas 
[3]. For this reason, in the current study we included living participants and we 
also applied an intra-oral scanner, which projects a light on intra-oral surfaces 
to be scanned. Then, images captured by imaging sensors are processed by 
scanning software to produce triangulated point clouds that enable a virtual 
3D surface model to be created [7]. A recent study revealed promising results 
using this scanner, especially for the documentation of palatal soft tissue in 
terms of shape, colour, and curvature [9]. Therefore, this study was designed to 
validate the relationship between the palate surface area, measured using an 
intra-oral scanner, and anthropometric measurements of the head and face 
in living participants. A relation between the anthropomorphic measurements 
and the palatal intra-oral surfaces would enable easy estimation of the palatal 
intra-oral surface area in a chair-side medical setting. Determination of the 
palatal surface area might be relevant for clinicians investigating the oral 
cavity, such as dentists and oral maxillofacial surgeons.

MATERIAL AND METHODS

Participants
The study was approved by the Ethics Review Committee at the Academic 
Centre for Dentistry Amsterdam (ACTA; 202065). Volunteers were recruited at 
ACTA through posters. Eligibility criteria required volunteers to be 18 years or 
older. Informed written consent was obtained from all volunteers. Data analysis 
of volunteers was completely anonymously, only age and sex were registered. 
The reporting of this study conforms to the STrengthening the Reporting of 
OBservational studies in Epidemiology (STROBE) statement [27].

A priori sample size calculation was performed using G*Power software, 
version 3.1.9.4 (Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany); 
the correlation coefficient of previous study was used 0.59 [3], an α of 0.05, 
and a power of 80%, 20 participants were needed in each group. Because 
sex differences effect anthropometric of orofacial measures minimally 40 
participants were needed with almost equal numbers of females and males 
[11, 21, 32].
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Measuring the palatal surface area
In order to measure the palatal surface area, an intra-oral scan of the upper 
jaw including the palate (the whole hard palate and part of the soft palate) was 
taken with the TRIOS 3 scanner (3Shape, version 21.3.5, Copenhagen, Denmark). 
The scanning protocol of the manufacturer was followed when scanning the 
intra-oral upper jaw area. Scans were digitally saved as Polygon File Format 
(PLY) files. Subsequently, each PLY object was analyzed twice in Meshmixer 
(Autodesk, San Rafael, CA, USA) by one researcher (ZA). This analysis involved 
manual separation of the palate by using the vibrating line including visible 
fovea palatine as a cut-off for the length of the palate. Besides, all palatal 
mucosa including the gingiva around the upper teeth was included in the 
palatal surface (Figure 1). After segmentation, the palatal surface areas (in 
mm2) were determined.

Figure 1: Schematic illustration of a typical example of palatal segmentation (in pink). The yellow 
line indicates the border of segmentation used for the palatal surface area.

5
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Anthropometric measurements
Anthropometric measurements of the head and face were performed as 
described previously, using the same anthropometric landmarks (Table 1) 
[3]. The distance between anthropometric landmarks was determined twice 
using an anatomical sliding caliper with electronic display showing distance in 
millimeters (mm). The two measurements were carried out by one researcher 
(ZA) on the same day.

Statistical analysis
The data were processed in an electronic clinical data-management platform 
(CastorEdc, Castor, Amsterdam, the Netherlands) and then converted into 
SPSS, version 27.0 (IBM Corp SPSS Statistics, Armonk, NY, USA) for the statistical 
analysis. The Shapiro–Wilk test was used to assess the normality of the data. 
The data were presented as medians and their interquartile range (IQR), as 
most of the parameters were not normally distributed.

The intraclass correlation coefficient (ICC) was used to determine the 
degree of agreement between two palatal surface area measurements and 
between the two anthropometric measurements of the head and face. A two-
way mixed, absolute agreement, average-measures ICC was calculated for 
these measurements [13, 19]. The ICC is indicative of poor (values less than 0.5), 
moderate (between 0.5 and 0.75), good (between 0.75 and 0.9) and excellent 
(greater than 0.90) reliability [17].

The mean of the two palatal surface area measurements and the various 
anthropometric measurements of the head and face was used for further 
analysis.

Female-male differences for the palatal surface area measurement and 
the anthropometric measurements of head and face were explored with the 
Mann-Whitney U test.

The possible relations between the palatal surface area and anthropometric 
measurements were analyzed with a bootstrapped Spearman rank correlation 
test (1000 × bootstrapping). The Spearman’s rho coefficient and bias-corrected 
accelerated (Bca) 95% confidence interval were extracted. Furthermore, the 
participants were stratified based on their sex. The size of the correlation 
coefficient was interpreted as poor (r = 0.1–0.2), fair (r = 0.3–0.5), moderate 
(r = 0.6–0.7) or very strong (r = 0.8–0.9) correlation [1]. All significance levels 
(P) were set at 0.05.
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Table 1. Definitions of anthropometric measurements in the present study.

Anthropometric measurements Anthropometric landmark

Length of the head Vertex - gnathion

Width of the head Straight line distance as measured 
with sliding caliper between the right 
external auditory meatus and left external auditory meatus

Depth of the head Straight line distance as measured
with a sliding caliper between back
of the head and glabella

Face height Glabella - gnathion

Lower face height Subnasale - gnathion

Nose height Glabella - subnasale

Width of the mouth Right chelion - left chelion

Upper face height Glabella - lowest border of the upper lip

Upper lip height Subnasale - lowest border of the upper lip

Mandible height Gnathion - highest border lower lip

Mandibular length Straight line distance as measured
with a sliding caliper between
the tragus and gnathion

Palatal width Straight line distance from the central fissure
of the upper right first molar (16) to the central fissure of
the left first molar (26), if one or both teeth were extracted
then the distance from the alveolar ridges of the estimated
location of the first molars was used.

5
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RESULTS

Fifty-one volunteers signed up for this study; 23 were female and 28 were male 
(45.1% : 54.9%). The average age was 42.6 ± 14.8 years (range 20-71 years). 
The average age of female and male participants did not differ significantly 
(Mann-Whitney U test p>0.05).

The palatal surface area and anthropometric measurements
The palatal surface area as well as the anthropometric measurements of the 
head and face are reported for the total study sample as well as the female 
and male participants separately (Table 2). The median palatal surface area 
for the total study sample was 2120.6 ± 2232.0-1976.3 mm2. The ICC for the 
palatal surface area measurements and the anthropometric measurements 
varied between 0.85 and 0.99, which was in the good or excellent range.

Almost all anthropometric measurements showed significant differences 
between females and males (Mann-Whitney U test p<0.05), where male 
participants showed higher values than females (Table 2). No sex-related 
differences were observed for the width of the mouth and palatal width. There 
was also no significant difference for the palatal surface area between females 
and males (Mann-Whitney U test p>0.05).

Relation between the palatal surface area and anthropometric 
measurements of the head and face
For the total study sample, a significant correlation was found between the 
palatal surface area and the length of the head, the width of the head, the 
face height, the nose height, the upper face height, the upper lip height, the 
mandibular length and the palatal width (Table 3). The correlation coefficients 
for these correlations ranged between 0.29 and 0.37, which indicate poor to 
fair correlations. These positive correlations indicate that larger dimensions 
of the head and face are associated with a larger palatal surface area. When 
the volunteers were stratified based on sex, the female palatal surface area 
correlated positively with the mandibular length (0.46) and the palatal width 
(0.56) (Table 3). These correlations could be considered as fair.
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Table 3: The correlations between the palatal surface area and anthropometric measurements for 
the total study sample and stratified according to sex. N indicates the number of participants in 
each group. Data are expressed as the Spearman’s rho coefficient and bias-corrected accelerated 
(Bca) 95% confidence interval.

Correlation coefficient with the palatal surface area

Anthropometric
measurements

Total study sample
(N=51)

Female participants
(N=23)

Male participants
(N=28)

Length of head 0.30 (-0.01-0.58)* NS (p=0.13) NS (p=0.99)

Width of head 0.35 (0.06-0.61)* NS (p=0.09) NS (p=0.78)

Depth of head NS (p=0.27) NS (p=0.16) NS (p=0.44)

Face height 0.36 (0.14-0.56)** NS (p=0.60) NS (p=0.13)

Lower face height NS (p=0.19) NS (p=0.53) NS (p=0.46)

Nose height 0.31 (0.02-0.55)* NS (p=0.20) NS (p=0.24)

Width of mouth NS (p=0.17) NS (p=0.08) NS (p=0.96)

Upper face height 0.36 (0.10-0.58)** NS (p=0.18) NS (p=0.14)

Upper lip height 0.31 (0.02-0.56)* NS (p=0.20) NS (p=0.49)

Mandible height NS (p=0.37) NS (p=0.77) NS (p=0.22)

Mandibular length 0.29 (0.00-0.53)* 0.56 (0.20-0.78)** NS (p=0.37)

Palatal width 0.37 (0.10-0.63)** 0.46 (0.06-0.76)* NS (p=0.08)

NS=Not Significant, (p-value of Spearman Rho correlation)
*Spearman Rho correlation coefficient p-value <0.05
** Spearman Rho correlation coefficient p-value <0.01
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DISCUSSION

This study aimed to assess the possible relationship between the dimensions 
of the palatal surface area and anthropometric measurements of the head 
and face in living subjects. An intra-oral scanner was used to determine the 
palatal surface area. The excellent ICC for the palatal surface areas indicated 
the high reproducibility of the intra-oral scanner technique. Various head and 
face measurements had a significant correlation with the palatal surface area. 
When stratified on sex, significant correlations with the female palatal surface 
were found with the mandibular length and palatal width.

The adult palatal surface area found was 2120.6 mm2, which was 
comparable to findings from other studies with a mean of 1990-2010 mm2 [3, 
6, 15]. In those studies, the palatal surface areas were determined using foil 
impressions taken from stone models [6, 15], while another study used CBCT 
imaging and digital analysis [3]. Apparently, all methods used so far reveal 
comparable and representative results as the reported palatal surface areas 
are in the same range. In addition, the technique presented in the current study, 
using an intra-oral scanner, adds up to this line of methods as it had a very 
good reproducibility with an excellent ICC. Moreover, the intra-oral scanner has 
the beneficial effect that it does not use ionizing radiation and its technique is 
easy, safe and less laborious.

The palatal surface area in the current study did not differ between the 
two sexes. This finding is consistent with results of two other studies [3, 6], 
while another study revealed that male participants had a significantly larger 
palatal surface areas than females [15]. This latter study, however, included 
females with a mean age 16.88.02± years and males of 20.713.4± years old 
[15]. These participants were considerable younger than the volunteers in 
the current study with a mean age of 42.614.8± years. In this light, it has to 
be noted that maturation of female facial structures starts at an earlier age 
than in males [24]. For this reason, in younger groups, there is a significant sex 
difference in palatal surface area. That could explain why the study by Kerr et 
al. found significant differences for the palatal surface area measurements 
[15]. However, when investigating older participants, such as the current study, 
these differences for the palatal surface area were not apparent anymore.
In the current study, head and face proportions differed significantly between 
females and males. This finding is broadly supported by the work of other 
studies describing the effects of sex on anthropometric orofacial measures, 
mentioning larger measures for males then in females [11, 21, 32]. In our 
previous study, investigating cadavers with CBCT, comparable anthropometric 

5
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differences between two sexes were observed [3]. In the cadaver study, the 
length of the head did not differ significantly for the two sexes, while in the 
current study there was a significant sex difference for the length of the head. 
This result could be explained by the lower number of cadavers used in the 
CBCT study (female N=8, and male N=5) [3] than the larger number of living 
subjects in the current study (female N=23, and male N=28).
In the current study, various anthropometric measurements had a significant 
correlation with the palatal surface area. This is in contrast with the CBCT 
study with human cadavers where only a statistically significant correlation 
between the length of the head and palatal surface area was observed. There 
are several possible explanations for this result; firstly, the previous study 
included cadavers with possibly solidified soft tissues. Secondly, the number 
of included subjects might also influence this observation; the cadaver study 
had a possibly limited statistical power due to the limited number of cadavers 
used (N = 12). Although in the current study more significant correlations were 
found between palatal surface area and facial anthropometric measurements, 
most of these correlations are poor or fair (± 0.3). Finally, sex differences have 
influenced these correlations, as males had significant larger head and 
face proportions then females. For this reason, most significant correlations 
disappeared after stratifying the subjects based on their sex, especially for 
males. And so, females had a significant correlation between palatal surface 
with the mandibular length and the palatal width. Possibly the face type of 
females attributed to this significant correlation. It could be that that this 
relates to the fact that the face type of females is different than males; for 
females the most common face type is mesoprosop (medium-broad face) 
or euryprosop (short and wide), while for male it is the leptoprosop (long and 
narrow) and hyperleptoprosop [2, 31].
Previous studies measured not only the palatal surface, but also palatal 
volume. This palatal volume can contribute to explore the timing of surgery and 
surgical protocols [12, 20, 26]. In addition, the palatal volume measurements 
can help to evaluate changes induced by treatment modalities such as rapid 
palatal expansion and in the orthopaedic treatment of cleft palate cases, and 
to evaluate changes in orthodontic treatment [12, 20, 26]. Therefore, future 
studies exploring the relation between the palatal volume and anthropometric 
measurements are also warranted.
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CONCLUSION

An optical scanner was successfully used to determine the palatal surface 
area, as the ICC for the palatal surface area was in excellent range. Various 
head and face proportions had a significant correlation with the palatal 
surface area. When stratified on sex, significant correlations with the female 
palatal surface were found with the mandibular length and palatal width.

5
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ABSTRACT

Objectives
In this study we investigated the salivary film thickness and the MUC5B levels at 
various intra-oral locations in healthy volunteers, with a focus on the palate. Besides, 
measurements of the palatal surface area were included to explore the possible 
relationships between the palatal surface area and the palatal salivary film and 
MUC5B levels.

Materials and methods
The salivary film thickness was determined using filter strips, which were pressed 
to the mucosal surfaces of five different intra-oral locations; conductance was 
then analysed using a Periotron. After elution of the strips, the MUC5B levels at 
various intra-oral locations were determined using ELISA. The palatal surface area 
was measured using an intra-oral scanner. The surface area was subsequently 
calculated using software.

Results
The anterior tongue had the thickest salivary film and also the highest levels of 
MUC5B, while the anterior palate had the thinnest salivary film and lowest MUC5B 
levels. There was no association between the palatal surface area and the salivary 
film thickness of the palate.

Conclusion
The salivary film and MUC5B levels are unequally distributed over the intra-oral 
regions of the soft tissues. The lack of association between the palatal surface area 
and the salivary film thickness indicates that a larger surface area is not associated 
with a relative thinner palatal salivary film.

Clinical relevance
The results of current study increase our understanding of saliva distribution in the 
oral cavity and could be used as reference values for future studies.

Keywords
Salivary film thickness, Salivary secretions, MUC5B level, Palatal surface area, 
Sialopapers.
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INTRODUCTION

The salivary glands produce saliva which contains a wide range of proteins and 
ions [1]. After secretion, and facilitated by swallowing, saliva is spread over the 
hard and soft tissues in the oral cavity as a thin film [2, 3]. A major compound 
of this salivary film is MUC5B, a large glycoprotein with a wide variety of 
hydrophilic carbohydrate side chains [4]. MUC5B plays a crucial role in saliva’s 
water retaining properties, such as moistening, visco-elasticity and lubrication 
[3, 5]. As a consequence, an impaired flow rate, i.e. hyposalivation, leads to 
lower availability of both water and salivary proteins and to the insufficient 
replenishing of the intra-oral salivary film [6]. Subsequently, this leads to 
impaired mucosal moistening and clinical problems, such as difficulties with 
speech and swallowing, pain and xerostomia [7, 8].

It was recently shown that the severity of xerostomia differed at different 
intra-oral locations [9, 10]. In particular, it was found that the perceived oral 
dryness was most profound for the (posterior) palate. Hypothetically, this could 
be related to an impaired salivary film and lower MUC5B content, especially 
at the palate.

In the past, multiple studies have investigated the salivary film thickness 
including the total protein concentration at various mucosal surfaces [11–14]. 
These studies found that the total protein concentration displayed a wide 
variation depending on its location [12–14]. The protein concentration showed 
a negative correlation with the salivary film thickness, indicating that thinner 
salivary films were related to higher protein concentrations [12–14]. These 
findings reveal that the protein levels in the film are mainly influenced by the 
film volume, but did not provide detailed insights into the protein composition 
at various intra-oral locations. Determination of MUC5B levels in the salivary 
film could help to increase our understanding of salivary distribution in the 
oral cavity.

To understand the distribution of saliva over various surfaces, it is also 
important to measure the intra-oral surface areas. The dimensions of the 
intra-oral surface areas have previously been analysed in order to determine 
the distribution and average thickness of the salivary film covering the teeth 
and oral mucosa [15–17]. Especially the palate plays a major role in xerostomia 
because the salivary film thickness at the anterior part of the palate is relatively 
thin compared to other intra-oral surfaces [2, 11–14, 18–21]. Besides, the central 
part of the anterior palate is devoid of minor salivary glands [22]. Therefore, 
in order to increase our understanding of the distribution of the salivary film, 
measurements of the palatal surface area were included in the current study. 
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It is envisaged that these measurements could serve as a reference for future 
studies, e.g. on salivary film integrity related to various oral diseases.

Therefore, the present study aimed to determine the salivary film thickness 
and the MUC5B levels at various intra-oral locations in healthy volunteers. 
Furthermore, we included measurements of the palatal surface area to 
explore the possible relationships between the palatal surface area and 
the palatal salivary film thickness and MUC5B levels. We hypothesised that 
healthy individuals with comparable salivary flow rates, but differences in 
palatal surface area, will have a different distribution of the salivary film and/
or the MUC5B levels; individuals with a larger palatal surface area would have 
a thinner salivary film at the palate and also less availability of MUC5B.

MATERIALS AND METHODS

Participants
The study was approved by the Ethics Review Committee at the Academic 
Center for Dentistry Amsterdam (ACTA; 202065). Volunteers were recruited 
at ACTA through posters. Eligibility criteria required volunteers to be 18 years 
or older, preferably without having the tendency to gag. Informed written 
consent was obtained from all volunteers. No personal data of volunteers were 
recorded, with the exception of age and sex. Volunteers using polypharmacy 
(more than four medications) or specific xerogenic medications were excluded 
for saliva collection. Xerogenity of the medications was determined using the 
medication guides published by Sreebny and Schwartz (1986), Wolff et al. (2016) 
and the Dutch Pharmacotherapeutic Compass [23–25]. The reporting of this 
study conforms to the STrengthening the Reporting of OBservational studies 
in Epidemiology (STROBE) statement [26].

Study variables

Subjective oral dryness assessment
The Xerostomia Inventory (XI) was used to measure the overall dry-mouth 
experience. The XI consists of 11 items on a 5-point Likert scale ranging from 
1 = “never” to 5 = “very often.” The items are about oral dryness and mouth feel. 
Participants indicate on each item how often they suffer from problems with 
regard to mouth feel and oral dryness. The scores of the 11 items are summed, 
resulting in a total XI score that ranges between 11 (no xerostomia) and 55 
(extreme xerostomia) [27].
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In addition, participants completed the Regional Oral Dryness Inventory 
(RODI) to measure the intra-oral perceived dryness [8, 9]. This questionnaire 
contains 9 schematic illustrations of different locations in the oral cavity. Four 
illustrations represent areas in the upper jaw: the upper lip, anterior part of the 
palate (including the rugae), inside part of the cheeks and posterior part of 
the palate (from the rugae up to the end of the soft palate). Four illustrations 
represent areas in the lower jaw: the lower lip, floor of the mouth, posterior 
part of the tongue (from vallate papilla up to end of the tongue) and anterior 
part of the tongue (from the tip of the tongue up to vallate papilla). Finally, one 
illustration represents the pharynx. At each location, the patient can indicate 
the severity of the perceived oral dryness using a 5-point Likert scale ranging 
from 1 = “no dryness” to 5 = “severe dryness” [9, 10].

Sialometry and salivary pH
To limit circadian variations, the saliva measurements were performed between 
8:15 and 10:15 A.M in the same room (temperature 20–24 ℃, humidity 50–70%) 
[28]. The participants were instructed not to eat, drink, chew gum, brush teeth, 
use mouthwash or smoke at least 1 h before their visit. The unstimulated 
(UWS) and chew-stimulated salivary flow rates (CH-SWS) were determined 
as described previously [29]. The pH of saliva was measured immediately after 
saliva collection using an electronic pH metre (PHM240, pH/ion metre, Meterlab, 
Copenhagen, Denmark). The samples were kept on ice until analysed.

Determination of the palatal surface area
In order to measure the palatal surface area, an intra-oral scan of the upper 
jaw including the palate (the whole hard palate and part of the soft palate) was 
taken using a TRIOS 3 scanner (3Shape, version 21.3.5, Copenhagen, Denmark) 
using the manufacturer’s protocol. Scans were digitally saved as Polygon File 
Format (PLY) files.
Subsequently, each PLY object was analysed twice in Meshmixer (Autodesk, 
San Rafael, CA, USA) by one researcher (ZA). This analysis involved the 
manual separation of the palate by using the vibrating line including visible 
fovea palatine as a cut-off for the length of the palate. Besides, all palatal 
mucosa including the gingiva around the upper teeth were included in the 
palatal surface. After segmentation, the palatal surface areas (in mm2) were 
determined.

6
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Measuring the salivary film thickness
Determination of the salivary film was performed as described in previous 
studies [2, 11–14, 18–21]. At least 15 min after the collection of the whole saliva, 
the salivary film was collected at different intra-oral locations using Sialopaper 
filter paper strips (Oraflow, New York, USA).
The filter strips were handled with gloved hands at all times. Five mucosal 
surfaces were selected based on previous studies [9, 10]: The anterior 
tongue was sampled in the middle of the tongue approximately 5 mm from 
the tongue tip, the anterior palate in the middle at the papilla incisive, the 
posterior palate in the middle at the vibrating line, the inside cheek 1 cm from 
the right chelion at the occlusal plane and the floor of the mouth at the right 
sublingual caruncula. The salivary film was collected twice at each location. 
Participants were instructed to swallow each time before a Sialopaper was 
applied to the surface for 5 s. The volume of fluid absorbed on the strip was 
measured electronically using a calibrated micro-moisture metre (Periotron 
8000; Oraflow, Hewlett, NY, USA) and stored in Eppendorf tubes (Eppendorf, 
Cambridge, UK). Participants were instructed to swallow, and a second sample 
was collected at the same location. Samples were kept on ice until analysed. 
The salivary film thicknesses were calculated by dividing the collected saliva 
by the surface area of a Sialostrip (44.15 mm2).

Measuring MUC5B levels
The MUC5B levels were determined essentially as described before [6, 30–34]. 
High-binding 96-well polystyrene microplates (Greiner Bio-One) were used for 
all ELISAs. The unstimulated saliva samples were vortexed for approximately 10 
s and centrifuged (10 min, at 10.000 g). The supernatant was transferred to a 
new vial. Supernatants were diluted 1:200 in coating buffer (0.1 M N aHCO3, pH 
9.6), and per sample 100 μL/well was coated in duplicate on the microplates.
MUC5B was eluted from the Sialopapers with MilliQ water (210 μL) with an 
efficiency of 84 ± 15% (data not shown) and then diluted in 210-μL coating 
buffer. Afterwards, eluted samples (100 μL/well) were coated in duplicate on 
the 96-well microplates, and all wells were serially diluted in coating buffer. 
Afterwards, all microplates were subsequently incubated at 37 ℃ for 2 h. Then 
the wells were rinsed with PBS–0.1% Tween 20 (PBST) for three times. The plates 
were then blocked for 1 h with 100 μL per well with 1% gelatin in PBST (PBSTG). 
After removing the blocking solution, 100 μL per well of 1:40 mAb F2, recognising 
the terminal part of the carbohydrate moiety, sulfoLewis-A SO3-3Gal_1-3GlcNAc 
in PBSTG [5, 30, 31, 33, 34]. The microplates were then incubated for 1 h at 37 ℃. 
After washing, the microplates were incubated for 1 h with rabbit-anti-mouse 
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IgG-HRP conjugate (Rockland Immunochemicals Inc., Pottstown, PA, USA) 
1:2000 in PBSTG. After washing with PBST and distilled water, 100 μL TMB solution 
(3,3’,5,5’-tetramethyl-benzidine; 125 μg/ml in sodium acetate buffer (100 mM, 
pH 5.0) with 0.05% v/v H2O2) was added to each well. After 10 min, the reaction 
was stopped by adding 50 μL 2 M H2SO4 per well. Absorbance was measured 
at 450 nm with a plate spectrophotometer reader (Multiskan FC, Thermo 
Scientific, Waltham, MA, USA). Arbitrary units (AU) MUC5B were calculated using 
a reference sample, as described before [6, 30, 35].

Statistical analysis
The data were processed in an electronic clinical data-management platform 
(CastorEdc, Castor, Amsterdam, the Netherlands) and then converted into 
SPSS version 27.0 (IBM Corp SPSS Statistics, Armonk, NY, USA) for the statistical 
analysis. The Shapiro–Wilk test was used to assess the normality of the data. 
The data were presented as median and their interquartile range (IQR), as 
most of the parameters were not normally distributed. The mean and standard 
deviation were also reported to clarify relatively small differences.

The intraclass correlation coefficient (ICC) was used to determine the 
degree of agreement between two measurements for the palatal surface area. 
A two-way mixed, absolute agreement, average-measures ICC was calculated 
for these measurements [36, 37]. The ICC is indicative of poor (values less 
than 0.5), moderate (between 0.5 and 0.75), good (between 0.75 and 0.9) and 
excellent (greater than 0.90) reliability [38].

The mean of the two palatal surface area measurements, the two salivary 
film measurements and two MUC5B levels at each location were used for 
further analysis.

Female-male differences for various saliva characteristics, including the 
salivary flow rate, total XI score and intra-oral RODI scores, were explored with 
a Mann–Whitney U test.

A Friedman test was conducted for the salivary film thickness and the 
MUC5B levels at various intra-oral locations, followed by a Wilcoxon signed-
rank test as a post-hoc procedure.

Various possible associations were explored in the current study. These 
relations were analysed with a bootstrapped Pearson correlation test (1000 
× bootstrapping). The Pearson correlation coefficient and bias-corrected 
accelerated (Bca) 95% confidence interval were extracted. The following 
correlations were investigated: between the salivary film thickness with the 
MUC5B levels at the five corresponding intraoral locations, between the salivary 
film thickness of the palate with the palatal surface area and between the 

6
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MUC5B levels of the palate with the palatal surface area. Furthermore, the 
participants were dichotomized based on their sex and the dimensions of the 
palate. The median of the palatal surface area was used to create two equal 
groups: ‘small’ palatal surface area (< 2138.0 mm2) and ‘large’ palatal surface 
area (≥ 2138.0 mm2). The size of the correlation coefficient was interpreted as 
poor (r = 0.1–0.2), fair (r = 0.3–0.5), moderate (r = 0.6–0.7) or very strong (r = 0.8–
0.9) correlation [39].

Furthermore, a multivariate analysis, multiple linear regression, was 
performed to investigate the possible association between the salivary film 
thickness and all independent variables. The salivary film thicknesses of both 
the anterior and the posterior palate were considered as dependent variables, 
while the palatal surface area, sex, the UWS and CH-SWS flow rate were 
considered as independent variables. All these independent variables were 
chosen because they could affect the thickness of the salivary film. To identify 
the degree of multicollinearity among the independent variables, the variance 
inflation factor (VIF) was calculated. The VIF for these variables was < 5, which 
indicates that there is no multicollinearity present among these variables [40, 
41]. Additionally, the R square was reported.

No multiple regression was conducted for the MUC5B levels of the anterior 
palate as the variance of the residuals was not constant and also multivariate 
normality was not met (residuals were not normally distributed).
All significance levels (P) were set at 0.05.

RESULTS

Fifty-one volunteers signed up for this study (Fig. 1). The average age of female 
and male participants did not differ significantly (Mann–Whitney U test p > 
0.05). Eleven volunteers had a systemic disease and/or were taking various 
medications that could initiate dry-mouth symptoms (Fig. 1). After the exclusion 
of these volunteers, the average age of the remaining 40 volunteers was 40.1 ± 
13.4 years. The average age of the female and male participants did not differ 
significantly (Mann–Whitney U test p > 0.05). Ten of the remaining 18 female 
volunteers used contraceptive medication.
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Fig. 1 Flow chart showing the reason for exclusion of some volunteers and the characteristics of the 
included volunteers

Sialometry, salivary pH, dry-mouth experience and palatal surface area 
measurement
Table 1 reports the salivary secretion rates and pH, the overall dry-mouth 
experience as measured with XI and the palatal surface area measurement. 
The median UWS salivary flow rate for all participants was 0.25 ± 0.16–0.37 
mL/min, while the median CH-SWS flow rate was approximately 5 times more 
than that of the UWS. The median salivary pH for the CH-SWS (pH = 7.14) was 
higher than the UWS (pH = 6.60). Female and male participants did not show 
any significant difference with regard to the salivary flow rate and pH of both 
UWS and CH-SWS (Mann–Whitney U test p > 0.05).

The median XI score was 19.5 out of the maximum of 55 (Table 1). The XI-
values for female and male participants also did not differ significantly (Mann–
Whitney U test p > 0.05).

The intra-oral regions with the highest RODI scores were the upper lip 
(M = 1.68 ± 0.86, Mdn = 1.00 ± 1.00–2.00), the posterior palate (M = 1.63 ± 0.74, 
Mdn = 1.50 ± 1.00–2.00), the lower lip (M = 1.60 ± 0.78, Mdn = 1.00 ± 1.00–2.00) 
and the pharynx (M = 1.60 ± 0.67, Mdn = 1.50 ± 1.00–2.00). In contrast, the floor 
of mouth had the lowest RODI score (M = 1.10 ± 0.30, Mdn = 1.00 ± 1.00–1.00). The 
RODI scores for all intra-oral locations were < 2, indicating that the volunteers 
did not experience any intra-oral dryness. Females and male participants did 
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not differ significantly in RODI scores for each of the intra-oral regions (Mann–
Whitney U test p > 0.05).

The median palatal surface area was 2138.0 ± 1975.5–2247.6 mm2. The ICC 
for the surface area measurements was 0.96, which is in the excellent range. 
The palatal surface area showed significant differences for both sexes (Mann–
Whitney U test p < 0.05), whereby male participants had a significantly larger 
palatal surface area than females (Table 1).

Salivary film thickness and MUC5B levels at various intra‑oral locations
The salivary film thickness showed considerable differences by intra-oral 
location. For example, the salivary film at the anterior tongue was six times 
thicker than that at the anterior palate (Table 2, Wilcoxon signed-rank tests: p 
< 0.05). Moreover, the salivary film thickness of the floor of the mouth differed 
significantly from all other intra-oral locations (Wilcoxon signed-rank tests p 
< 0.05). Besides, there was a significant difference in film thickness between 
the anterior and posterior palate, as the saliva film on the posterior palate 
was 2.6 times thicker than the film on the anterior palate (Table 2, Wilcoxon 
signed-rank tests: p < 0.05).

The salivary film thickness differed significantly between males and females 
only for the anterior palate and the inside cheeks, whereby the salivary film in 
these two regions was thicker for male participants.

Total unstimulated saliva contained the highest levels of MUC5B, i.e. 0.345 ± 
0.177–0.716 AU/mL. The MUC5B levels in total saliva of female participants (0.369 
± 0.176–0.762 AU/mL, N = 18) did not differ significantly from male participants 
(0.331 ± 0.171–0.555 AU/ mL, N = 22) (Mann–Whitney U test p > 0.05). Significant 
differences in MUC5B levels between the intra-oral locations were found 
(Table 3). The MUC5B level at the anterior tongue was 42 times higher than at 
the anterior palate, where the lowest level was measured. MUC5B level at the 
anterior palate showed significant sex differences, with female participants 
having lower MUC5B level than male participants (Mann–Whitney U test p < 
0.05) (Table 3).
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Table 2: The salivary film thickness at five intra-oral location, stratified according to sex. N indicates 
the number of participants in each group. Data are presented as median with corresponding 
interquartile range (IQR).

Intra-oral loacations

Salivary film
thickness in µm 
(N=40)
Median ± IQR

Female salivary film 
thickness in µm 
(N=18) Median ± IQR

Male salivary film 
thickness in µm (N=22) 
Median ± IQR

Anterior part
of the tongue

68.9 ± 57.6-77.4 65.2 ± 57.4-73.4 74.0 ± 59.4-79.3

Anterior part
of the palate

11.3 ± 5.2-19.1a 6.0 ± 4.1-13.8** 15.7 ± 9.2-22.0

Posterior part
of the palate

29.7 ± 17.4-44.3a,b 28.0 ± 15.7-39.0 31.4 ± 21.1-53.3

Inside cheeks 44.0 ± 34.8-58.5a,b,c 40.0 ± 27.1-50.0** 55.4 ± 39.7-68.5

Floor of the mouth 62.5 ± 46.3-78.7a,b,c,d 52.5 ± 33.5-78.9 67.4 ± 54.4-78.6

** Female vs. male difference Mann-Whitney U test p-value <0.01
a Wilcoxon signed-rank tests: p < 0.05 vs. anterior part of the tongue 
b Wilcoxon signed-rank tests: p < 0.05 vs. anterior part of the palate 
c Wilcoxon signed-rank tests: p < 0.05 vs. posterior part of the palate
d Wilcoxon signed-rank tests: p < 0.05 vs. inside cheeks

Table 3: The MUC5B levels at five intra-oral locations, stratified according to sex. N indicates 
the number of participants in each group. Data are presented as median with corresponding 
interquartile range (IQR).

Intra-oral 
locations

MUC5B in 
AU/mL (N=34)# 
Median ± IQR

Female MUC5B in
AU/mL (N=16)# 
Median ± IQR

Male MUC5B in 
AU/mL (N=18)#  
Median ± IQR

Anterior part 
of the tongue

0.127 ± 0.040-0.353 0.089 ± 0.037-0.173 0.273 ± 0.040-0.638

Anterior part 
of the palate

0.003 ± 0.000-0.011a 0.000 ± 0.000-0.003* 0.006 ± 0.000-0.017

Posterior part 
of the palate

0.020 ± 0.009-0.121a,b 0.018 ± 0.005-0.039 0.027 ± 0.012-0.208

Inside cheeks 0.008 ± 0.000-0.034a,b 0.008 ± 0.000-0.032 0.010 ± 0.000-0.075

Floor of the mouth 0.007 ± 0.000-0.029a,b,c 0.002 ± 0.000-0.030 0.012 ± 0.000-0.029

* Female vs. male difference Mann-Whitney U test p-value <0.05
a Wilcoxon signed-rank tests: p < 0.05 vs. anterior part of the tongue 
b Wilcoxon signed-rank tests: p < 0.05 vs. anterior part of the palate 
c Wilcoxon signed-rank tests: p < 0.05 vs. posterior part of the palate
# The total number differs as MUC5B samples were not available for all participants.
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Association between salivary film thickness and the MUC5B levels
The salivary film thickness of all intra-oral locations showed significant 
correlations with the MUC5B levels of the associated regions (Table 4). The 
correlation coefficients varied between 0.48 and 0.66, which can be considered 
as fair to moderate. A positive correlation indicates that when MUC5B levels are 
high, the salivary film thickness at the associated region is also high. Only the 
floor of the mouth did not have any significant correlation between the salivary 
film thickness and MUC5B levels for the total study sample. However, when 
this group was stratified on sex, it was found that females had a significant 
correlation for the floor of the mouth. For all other intra-oral regions, it was 
found that the correlation coefficient of both sex groups lay in the same range 
as the total study sample. Only females did not have any significant correlation 
between the salivary film thickness and the MUC5B levels at the anterior tongue 
(Table 4).

Table 4: The correlation between the salivary film thickness at five intra-oral regions with the MUC5B 
level at the associated regions. Data are expressed as the Pearson correlation coefficient and bias-
corrected accelerated (Bca) 95% confidence interval.

Correlation between film 
thickness and MUC5B 
levels at associated regions

Correlation coefficient 
(total study population)

Correlation 
coefficient
(females)

Correlation 
coefficient
(males)

Anterior part of the tongue 0.57 (0.42-0.74)** NS 0.63 (0.34-0.84)**

Anterior part of the palate 0.66 (0.46-0.86)** 0.57 (-0.06-0.89)* 0.63 (0.33-0.87)**

Posterior part of the palate 0.56 (0.33-0.78)** 0.61 (-0.11-0.90)* 0.59 (0.24-0.90)**

Inside cheeks 0.48 (0.21-0.75)** 0.67 (0.08-0.85)** 0.54 (0.14-0.85)*

Floor of the mouth NS 0.52 (0.18-0.82)* NS

NS=Not Significant
*Pearson correlation test p -value <0.05
** Pearson correlation test p -value <0.01

Association between the salivary film thickness and the MUC5B levels 
at the palate with the palatal surface area
The salivary film thickness and MUC5B levels at the anterior and posterior 
palate did not have any significant correlation with the palatal surface area 
(Pearson correlation p > 0.05). Because male participants had a significantly 
larger palatal surface area, this analysis was repeated after stratifying the 
participants based on their sex. The palatal surface areas of both female and 
male did not have any significant correlation with the salivary film thickness 
and/or MUC5B levels of the anterior and posterior palate (Pearson correlation 
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p > 0.05). Besides, the two palatal dimensions (small vs. large surface area) 
did not have any significant correlation with the salivary film thickness and/or 
MUC5B levels of the palate as well (Pearson correlation p > 0.05).

A multivariate regression analysis was performed, taking the palatal 
surface area, sex, the UWS and CH-SWS flow rate into consideration. For both 
the anterior and posterior salivary film thickness, no association was found 
with any of the independent variables (regression p > 0.05). The R squared for 
the anterior palate was 0.19 and for the posterior palate 0.09. So, the palatal 
surface area did not affect the salivary film thickness on either the anterior or 
posterior palate. The same applied to all other independent variables.

DISCUSSION

The results of this study, in which we explored the salivary film thickness and 
MUC5B levels at various locations in the oral cavity in healthy volunteers, 
demonstrated that both are unequally distributed over the various intra-oral 
surfaces. The anterior tongue had the thickest salivary film and contained the 
highest levels of MUC5B, while the anterior palate had the thinnest salivary 
film and lowest MUC5B levels. Furthermore, the palatal surface area did not 
correlate with the palatal salivary film thickness or the palatal MUC5B levels, 
indicating that in healthy individuals, a larger surface area was not associated 
with a relatively thinner salivary film and/or lower MUC5B levels. Therefore, our 
hypothesis should be rejected.

The mean UWS flow rate of the included participants was 0.28 mL/min, 
which was comparable with the average values of 0.3–0.4 mL/min previously 
reported [42].

The median XI score was 19.5, indicating that included participants on 
average did not experience serious dry-mouth complaints. The current XI 
scores were comparable with the XI scores found in other studies with healthy 
volunteers (age from 18 to 92 years), ranging between 16.0 and 20.82 [43–49]. 
Also, the RODI scores for all intra-oral locations were < 2, indicating they did 
not experience any intra-oral dryness. Dry-mouth patients in previous studies 
showed RODI scores ≥ 3 for most intra-oral locations [9, 10]. So, although the 
salivary flow rate seems to deviate slightly from earlier reports, it can be stated 
the included volunteers had healthy salivary flow rates and experienced no 
dry-mouth complaints.

The average palatal surface area found was 2123.8 mm2, which was 
comparable with other studies, who included adults with an average of 1990–
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2010 mm2 [15, 16, 50]. In these studies, the palatal surface areas were determined 
using foil impressions taken from stone models, while another study used CBCT 
imaging and digital analysis [15, 16, 50]. Apparently, all methods used so far 
reveal comparable and representative results as their surface areas are in the 
same range. In addition, the technique presented in the current study, using 
an intra-oral scanner, adds up to this line of methods as it had very good 
reproducibility, as indicated by the excellent range of the ICC. However, future 
studies, which investigate and compare the validity and the reliability of various 
methods including the intra-oral scanner for measuring the intra-oral surface 
area, seem warranted.

The pattern of salivary film distribution over intra-oral locations found in 
the current study was comparable with the distribution of the salivary film 
in healthy volunteers reported previously [2, 11–14, 18–21]. Also, comparable 
patterns were seen in the current study, as the tongue and/or the floor of the 
mouth had the thickest salivary film, while the anterior palate had the thinnest 
salivary film. The reason why the tongue has the highest level of wetness is 
probably because of its anatomical location near the caruncle of the Wharton’s 
ducts [2, 13, 18]. Here, saliva from the many minor glands in this region and 
the nasopalatine glands as well as the secretions of the submandibular and 
sublingual glands is collected [2]. Besides, the von Ebner’s glands, with their 
ducts opening into the sulci of the circumvallate and foliate papillae, produce 
serous saliva that contributes to the moistening of the tongue [51, 52]. In 
contrast, several factors make the anterior palate more susceptible to having a 
thinner salivary film than other intra-oral locations: lack of hard palatal salivary 
glands, and evaporation, especially during speaking and breathing [18, 53, 54]. 
Moreover, gravity forces part of the excreted saliva to pool on the floor of the 
mouth between swallowing episodes. As a consequence, the palate can be 
moistened less sufficiently [2].

Two previous studies investigated MUC5B levels at various intra-oral 
locations in healthy controls [11, 14]. However, different techniques were used 
in these studies compared to our study: Firstly, SDS-PAGE was performed on the 
eluted Sialopapers with subsequent PAS staining. Then, software analysis was 
used, scanning lanes of PAS-stained mucin glycoprotein bands, and analysed 
for colour intensity, gauging the amount of mucin [11, 14]. In contrast, we applied 
ELISA using an antibody, i.e. F2, to specifically measure MUC5B levels. However, 
it seemed difficult to compare our findings to those of Chaudhury et al. [11] 
because they expressed the MUC5B levels in MUC5B glycan/protein proportion. 
In contrast, we calculated arbitrary units/volume of fluid on Sialopaper [11]. 
In the study by Pramanik et al., contradictory results compared to our study 
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were found; they found the highest MUC5B levels at the anterior hard palate 
and the lowest levels at the lower labial mucosa and the anterior tongue [14]. 
In contrast, in our study, the anterior tongue had the highest levels, and the 
anterior palate had the lowest levels of MUC5B. This is difficult to explain as to a 
large extend MUC5B is secreted by the submandibular and sublingual salivary 
glands with their sublingual caruncle lying on the floor of the mouth [55, 56], in 
which the tongue is embedded. As mentioned before, the anterior hard palate 
lacks the presence of salivary glands [22], and MUC5B found on the anterior 
palate is translocated there mainly by tongue movements.

Surprisingly, the floor of the mouth contained approximately 18 times less 
MUC5B levels than the anterior tongue, despite the fact that the caruncles 
of both submandibular and sublingual glands are located on the floor of 
the mouth. Gravity forces help the floor of the mouth to create a reservoir 
for all the saliva that does not adhere to the various surfaces. So, the saliva 
on the floor of the mouth is a mix of various salivary glands. Especially after 
swallowing episodes, not all the saliva is swallowed; the salivary clearance 
is approximately 28% [57, 58], indicating that the majority of saliva remains 
in the mouth. Additionally, the structure of the tongue helps to adhere to 
all the mucins, as the dorsal (superior) surface has a rough structure of 
stratified squamous epithelium with numerous circumvallate, filiform and 
fungiform papillae. Potentially, this rough or plicated surface offers the MUC5B 
glycoprotein a surface to which it can reside more effectively during oro-facial 
movements, such as swallowing, than to the smooth structure of the floor of 
the mouth.

An interesting finding in the current study was the significant correlation 
between the salivary film thickness and the MUC5B levels. MUC5B forms 
hydrophilic polymer brushes causing water retention [59]. For this reason, 
MUC5B is considered as the key lubricant in saliva. So, it could be expected that 
higher MUC5B levels will influence the increment of the salivary film thickness.

Another interesting finding was the lack of correlation between the palatal 
surface area and the palatal salivary film thickness and/or the palatal MUC5B 
levels. We hypothesised that individuals with a larger palatal surface area 
would have a thinner salivary film at the palate and also less availability 
of MUC5B glycoproteins. However, we found that all individuals showed 
comparable salivary film thickness and MUC5B levels. This last result could 
be explained by the palatal saliva that contained relatively high levels of 
MUC5B [60]. Palatal saliva is excreted by the orifices of the palatal glands, 
which are all located near the right and left maxillary second and third molars 
[22]. The palatal saliva including MUC5B is propelled towards the anterior part 
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of the palate during swallowing; this can possibly explain why the salivary 
film thickness and the MUC5B level are not particularly low in individuals with 
larger palatal dimensions. Additionally, the palatal salivary film is not only 
formed by the palatal salivary glands, but it is also dependent on the salivary 
film of the tongue. The tongue also plays an important role in moistening and 
lubricating the palate. As the salivary film thickness at the tongue is already 
2.3–6 times thicker than that of the palate, this will promote the transfer of 
additional saliva from the tongue to the palate. Finally, the retention of saliva 
by the anterior palate also plays a possible role. The structural orientation of 
the anterior palate, especially of the rugae with their irregular, asymmetric 
ridges [61], causes the retention of mucins and moisture despite the negative 
effect of gravity.

A possible limitation of the current study is the use of Sialopapers for 
the collection of MUC5B. Although the elution efficiency of MUC5B from the 
Sialopapers is good (84 ± 15%), it has to be noted that the absorption of all 
MUC5B glycoproteins from the mucosal surfaces to the Sialopaper seems 
virtually impossible. Namely, the oral mucosal surfaces are more or less 
covered with a double layer: a lower surface-bound layer, which is the mucosal 
pellicle, and an upper salivary film, loosely attached to the mucosal pellicle [4]. 
It is plausible to assume that the efficiency of absorption of MUC5B from the 
loosely attached salivary layer to the Sialopaper is probably more effective 
than for MUC5B from the mucosal pellicle. In this light, it also has to be noted 
that oral epithelial cells express membrane-bound mucin (MUC1), which can 
interact with MUC5B to develop the mucosal pellicle [4]. Consequently, this 
interaction hinders the adsorption of MUC5B of the mucosal pellicle to the 
Sialopaper. Transmission Electron Microscopy and immunogold labelling 
could be applied to study these interactions and shed light on the absorption 
efficiency [4]. These techniques already have successfully been applied for 
buccal epithelial cells, but not for other intra-oral surfaces [62].

A recent study revealed that the intra-oral scanner was a suitable 
instrument to investigate the palatal soft tissue in terms of shape, colour and 
curvature [63]. In line with our experience, the shape of the palatal surface, 
especially the palatal rugae, was documented very precisely with the intra-oral 
scanner. Yet, it has to be noted that the intra-oral scanner lacks the resolution 
to analyse the full microstructure of the palatal surface, and this could lead 
to a slight underestimation of the total palatal surface area determined in the 
current study.

6
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MAIN CONCLUSIONS

The salivary film and MUC5B levels were not equally distributed over the mouth. 
The anterior tongue had the thickest salivary film and also the highest levels 
of MUC5B, while the anterior palate had the thinnest salivary film and lowest 
MUC5B levels. There was no association between the palatal surface area and 
the salivary film thickness at the palate, also when sex and salivary flow rate 
were taken into consideration. These findings indicate that a larger surface 
area is not associated with a relatively thinner salivary film.
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ABSTRACT

Objective
Dry-mouth patients use different interventions to relieve their oral dryness. As recent 
studies showed that various subgroups of dry-mouth patients perceived different 
intra-oral regions as most dry, the present study investigated whether the use of 
dry-mouth interventions by various subgroups of dry-mouth patients was related 
to the perceived oral dryness as well as salivary flow rate.

Materials and methods
Xerostomia Inventory (XI) scores, Regional Oral Dryness Score (RODI) scores and dry-
mouth interventions used were extracted from the medical records of 528 patients 
visiting a saliva clinic. Based on their medical history, they were allocated into 6 
subgroups.

Results
The subgroups of dry-mouth patients used a wide range of interventions to 
relieve their oral dryness. Sjögren’s syndrome patients used most interventions 
more frequently than patients with oral dryness due to use of a limited number 
of medications and controls. Patients using medications showed associations 
between the total XI score and dry-mouth interventions aimed at the entire mouth. 
In medication using patients and controls, the locally applied intervention “using 
mouth gel” was associated with RODI scores of the anterior tongue.

Conclusion
The use of dry-mouth interventions was associated with dry-mouth feelings. Use 
of interventions aimed to relieve dryness of the entire mouth was significantly 
associated with total XI score, while locally applied interventions were significantly 
associated with the severity of dryness at specific intra-oral regions, the anterior 
tongue in particular.

Clinical relevance
The results will help clinicians to advice dry-mouth patients about the most suitable 
interventions for relief of oral dryness complaints.

Keywords
Sjögren’s syndrome, Dry-mouth, Xerostomia, Xerostomia Inventory, Dry-mouth 
interventions, Salivary flow rate
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INTRODUCTION

Dry-mouth symptoms are usually the result of (poly)pharmacy, but 
radiotherapy of the head and neck region, systemic diseases such as Sjögren’s 
syndrome, and chronic stress are also associated with dry-mouth complaints 
[1–4]. Dry-mouth symptoms may also be induced by a combination of these 
factors [2]. For example, polypharmacy is common in patients with Sjögren’s 
syndrome.

To relieve the dry-mouth complaints, patients apply a broad spectrum of 
dry-mouth interventions. When residual salivary function is present, secretion 
can be stimulated by the use of lozenges and chewing gums or prescription 
of systemic pharmacotherapies, such as pilocarpine or cevimeline [5–7]. 
Alternatively, electrostimulation of the salivary glands has been reported to 
increase saliva production [5, 6]. However, when the salivary gland function is 
irreversibly impaired, only palliative treatment with, e.g. saliva substitutes, gels 
and oral rinses remains for the relief of dry-mouth symptoms.

The Xerostomia Inventory (XI) is a questionnaire to quantify the overall 
feeling of oral dryness [8]. In contrast, the recently developed Regional Oral 
Dryness Inventory (RODI) can be applied to determine dry-mouth perception 
at specific intra-oral locations [9]. Using the RODI, it was found that Sjögren’s 
syndrome patients, patients on polypharmacy and patients treated with 
radiotherapy differed in their perceived intra-oral regional dryness [10]. In 
Sjögren’s syndrome patients, the posterior palate was the area, which was 
experienced as most dry, while in polypharmacy patients, the anterior tongue 
was the most dry area [10]. In those patients treated with radiotherapy, all 
intra-oral regions were experienced as dry.

We hypothesized that the choice for specific dry-mouth interventions 
by various subgroups of dry-mouth patients might be related to intra-oral 
regional differences in dry mouth perception. Therefore, we investigated the 
use of dry mouth interventions by subgroups of patients with different causes 
of oral dryness and explored the possible relation of the applied interventions 
with intra-oral dryness and salivary flow rate.

MATERIALS AND METHODS

This study was approved by the Ethics Review Committee at the Academic 
Centre for Dentistry Amsterdam (ACTA, protocol number 201951). Data for this 
retrospective case series study were collected from patients who visited the 
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saliva clinic of the Dutch Institute for Salivary Research in Bunschoten, the 
Netherlands, from October 2012 to April 2019. The following clinical data were 
retrieved: age, gender, health status, number of medications used, XI scores, 
RODI scores, unstimulated whole salivary flow rate (UWS), chewing-stimulated 
whole saliva flow rate (CH-SWS) and citric acid-stimulated whole saliva flow 
rate (A-SWS). The methods for collection of saliva, the salivary secretion rates 
and the scores on the questionnaires of the study sample have been described 
in detail previously [10]. In short, the patients were instructed not to eat, drink, 
chew gum, brush teeth, use mouthwash or smoke at least 1 h before their 
visit to the saliva clinic. The UWS was collected by the draining method in a 
pre-weighed plastic container [11]. Patients were asked to collect unstimulated 
saliva immediately after an initial swallow, by expectorating into the container 
as soon as they had collected the saliva in their mouth. During saliva collection, 
patients were not allowed to swallow. To collect CH-SWS, they were asked to 
chew a 5 × 5-cm sheet of parafilm (Parafilm M, Pechiney, Chicago, IL, USA) and 
to expectorate into a pre-weighed plastic container every 30 s. To stimulate 
A-SWS secretion, a citric acid solution (2% w/v) was applied with cotton buds to 
the lateral borders of the tongue at 30 s intervals [12]. When the collection period 
had finished, the plastic containers were reweighted, and the collected volume 
was determined by subtracting the weight of the container before collection. 
Salivary flow was calculated by dividing the volume collected (assuming 1 
g of saliva equals 1 mL) by the collection time (min). Salivary flow rates were 
expressed in mL/min [11]. To limit circadian variations, saliva collection took 
place in all patients between 8:00 and 12:00 A.M. [13].

On the basis of their health status, determined with The European Medical 
Risk-Related History [14, 15], patients were allocated to subgroups, including 
patients using limited medications (< 4 different prescription medications; Low 
Med patients), patients using multiple medications (≥ 4 different prescription 
medications; High Med patients), patients treated with radiotherapy of head 
and neck area (RTX patients), patients treated with radiotherapy of head and 
neck area using multiple medications (RTX + High Med patients), Sjögren’s 
syndrome patients (SS patients), Sjögren’s syndrome patients using multiple 
medications (SS + High Med patients), and controls (none of the conditions 
listed above; no use of prescription medication). For the current study, the data 
from the subgroup RTX + High Med patients were not included due to the small 
number of patients (N = 6).

An additional questionnaire collected data on interventions applied to 
relieve the feeling of oral dryness [16, 17]. These interventions are presented in 
Tables 4 and 5. The reported interventions were based on information provided 
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by the patients upon arrival at the saliva clinic, before examination had taken 
place. The participants could indicate with yes/no which options they apply 
for the relief of their dry mouth. With the option “using other interventions”, they 
could report additional interventions applied not included in the questionnaire. 
Based on a previous study, the dry-mouth interventions were divided into two 
categories: frequently (> 20%) and less frequently (< 20%) applied interventions 
[17].

The data were statistically analysed with SPSS, version 26.0 (IBM Corp SPSS 
statistics, Armonk, NY, USA). The use of dry-mouth interventions by the various 
patient subgroups has been expressed as percentages. A chi-square test was 
used to investigate whether there is an overall significant difference in the use 
of specific dry-mouth interventions between the various patient subgroups, 
followed by a 2 × 2 chi-square test as post hoc analysis when appropriate. To 
compensate for multiple testing, Bonferroni corrected p-values have been 
used during further analysis.

To investigate the association between use of dry-mouth interventions and 
the total XI, the RODI, the flow rates UWS, CH-SWS and A-SWS, a binary logistic 
regression analysis was performed for each patient subgroup separately. Only 
the interventions which showed a significant difference during the chi-square 
tests were further explored with the binary logistic regression. During the binary 
logistic regression, the dry-mouth interventions were considered a dependent 
variable and the total XI score, the RODI scores of each the eight different intra-
oral regions and the UWS, CH-SWS and A-SWS flow rates were considered as 
independent variables.

To identify the degree of multicollinearity among the independent variables, 
the variance inflation factor (VIF) was calculated. The VIF for these variables 
was < 5, which indicates that there was no multicollinearity present among 
them [18, 19].

The backward conditional method was used to analyse these independent 
variables. If there was a significant association between a dry-mouth 
intervention and one or more independent variables, then the odds ratio (OR) 
and the 95% confidence interval (95% CI) were reported. Furthermore, the last 
step of the Omnibus test chi-square including their degree of freedom (df) and 
their p-values was reported. Also, the Cox & Snell R square and the Nagelkerke 
R square were mentioned, if the association was significant.
All significance levels (α) were set at 0.05.

7
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RESULTS

A total 528 health records were included. The mean age of participants was 
59.6 ± 16.0 years (N = 522), and the majority of the patients were women (68.4%) 
(N = 525). The European Medical Risk-Related History questionnaire, used to 
distinguish the different patient subgroups, was completed by 517 patients.

The saliva secretion rates and scores on the inventories have previously 
been reported in detail [10] (Tables 1, 2 and 3). In summary, controls had 
significantly lower total XI scores than all other groups (Table 1), indicating 
that the overall dry-mouth feeling they experienced was the lowest. On the 
other hand, SS and SS + High Med patients had the highest XI scores, indicating 
that their overall dry mouth feeling was significantly more severe than the 
controls, Low Med patients and High Med patients (Table 1). With regard to the 
salivary flow rates, there was a trend whereby controls and Low Med patients 
had the highest salivary flow rates for UWS, CH-SWS and A-SWS, while SS and 
SS + High Med patients had the lowest (Table 1). The RODI scores also differed 
among the patient subgroups (Tables 2 and 3). In controls and SS patients, 
the posterior palate was the driest area, while in Low Med and High Med 
patients, it was the anterior tongue. The region that was experienced as least 
dry also differed among the patient subgroups. In Low Med, High Med and 
SS patients, it was the inside cheeks; in controls, it was the floor of the mouth 
(Tables 2 and 3). In RTX and SS + High Med patients, there were no significant 
differences among the intra-oral regions. Besides, the RODI scores for all intra-
oral regions were investigated among the various patient subgroups; SS and SS 
+ High Med patients had the highest RODI scores for all regions, while controls 
and Low Med patients had the lowest (Tables 2 and 3). This difference was 
significant for all eight intra-oral regions. High Med and SS patients differed 
only significantly with regard to the RODI scores of the posterior palate, with SS 
patients experiencing more severe dryness of the posterior palate than High 
Med patients (Tables 2 and 3).
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Chapter 7

Dry-mouth intervention strategies in the total samle
Tables 4 and 5 show the dry-mouth interventions that were applied by the 
total study sample. Most of the patients (87.9%) reported the use of multiple 
interventions (≥ 2) to relieve their dry-mouth complaints. Only 3.2% reported use 
of a single intervention and 8.9% of the patients did not use any intervention. 
Obviously, “drinking water” was the most frequently used intervention by 
all patients, followed by “moistening the lips” and “rinsing the mouth”. Less 
frequently used interventions were “using pilocarpine” and “using acupuncture”. 
The spontaneously reported “other interventions” included “oil pulling”, “using 
fluoride in a fluoride tray”, “using specialized toothpaste or mouth washes”, 
“using milk”, “using a nasal spray”, “changing diet” and “doing yoga, cycling 
or walking”.

Dry-mouth interventions in the various patient subgroups
Table 4 displays the dry-mouth interventions frequently used for each of the 
patient subgroups. The interventions “drinking tea”, “sucking candies”, “chewing 
gum” and “focusing on other activities” did not differ significantly among the 
various patients. On the other hand, SS and SS + High Med patients used all 
other interventions significantly more often than the controls or Low Med 
patients. High Med patients used interventions, such as “rinsing the mouth”, 
“eating fruit”, “drinking small volume” and “drinking coffee”, significantly more 
than controls.

No significant differences were observed between Low and High Med 
patients, except for “drinking small volumes” to relieve oral dryness. Also, SS, 
SS + High Med and High Med patients did not show any significant difference 
in the percentage of used dry-mouth interventions, except for “moistening the 
lip”, which was more often used by SS and SS + High Med patients. The use of 
interventions by RTX patients did not differ significantly from all other patient 
subgroups.

For the less frequently used interventions (Table 5), the patient subgroups 
only differed in “no intervention”; however, for “no intervention”, there were no 
significant differences among the subgroups after Bonferroni correction.
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The severity of oral dryness and the use of drymouth interventions
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The severity of oral dryness and the use of drymouth interventions

The association between the use of dry-mouth interventions, subjective 
oral dryness and salivary flow rates
In Table 6, the significant associations between the dry-mouth interventions 
and the independent variables were reported for four patient subgroups. 
Due to the small numbers, it was not possible to perform a binary logistic 
regression for the RTX, SS + High Med and RTX + High Med patient subgroups. 
For SS patients, none of the independent variables was significantly associated 
with any intervention.

The UWS flow rate of all patient subgroups did not have an significant 
association with any intervention, while the CH-SWS or A-SWS flow rates had 
significant associations with “drinking water”, “rinsing of the mouth” or “drinking 
coffee”. For Low Med patients, the CH-SWS or A-SWS flow rate was significant 
associated with more than one intervention, while for controls and High Med 
patients, the SWS flow rate was associated with only one intervention: “drinking 
coffeetab” and “drinking water”, respectively. All the associations between 
salivary flow rates and these interventions had an odds ratio of < 1, except for 
the controls, indicating that patients with a low CH-SWS or a low A-SWS flow 
rate are more likely to use these interventions. As controls had an odds ratio 
> 1 (OR = 5.16) for “drinking coffee” and the salivary flow rate of CH-SWS, this 
indicates that controls with a low CH-SWS flow rate are less likely to drink coffee.

For the total XI scores, Low Med and High Med patients showed an significant 
association between XI and most of the interventions, except for “drinking 
coffee”, “drinking small volumes” (Low Med) and “using mouth gel” (High Med). 
The odds ratio between XI and most of the interventions was > 1, indicating that 
patients with more severe xerostomia (higher XI scores) are more likely to use 
these interventions. On the other hand, controls had significant associations 
between the total XI scores and the interventions “moistening the lips”, 
“drinking small volumes” and “drinking coffee” only. The odds ratios for these 
associations were also > 1.

As for the RODI score, all eight intra-oral regions had a significant association 
with 1 or more dry-mouth interventions. An odds ratio of > 1 indicates that 
patients with a drier intra-oral region (higher RODI score) are more likely to 
use a specific intervention, while an odds ratio of < 1 indicates patients with a 
less dry intra-oral region (lower RODI scores) are more likely to use a specific 
intervention. The anterior tongue and the upper lip had the most significant 
associations with several interventions. For controls, Low Med and High Med 
patients, the RODI scores of the anterior tongue were significantly associated 
with “using a mouth gel”. RODI scores of the upper lip in the three patient 
subgroups were significantly associated with “drinking water”, “moistening 

7
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The severity of oral dryness and the use of drymouth interventions
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For controls and Low Med patients, the RODI score of the anterior tongue was 
significantly associated with “eating fruit”, while the the lips”, “drinking small 
volumes” and “using a mouth gel”. Also, the RODI score of the anterior palate had 
several significant associations for various interventions. These associations 
were found in controls and High Med patients for the interventions “drinking 
water”, “drinking coffee” and “using a mouth gel”. The RODI scores of the floor 
of mouth were significantly associated with “drinking water” and “rinsing of 
the mouth” in controls. The RODI scores of the inside cheeks had a significant 
association with “moistening the lips” in High Med patients and “rinsing of the 
mouth” in controls. Finally, the lower lip was significantly associated with “eating 
fruit” in Low Med patients and “drinking small volumes” in controls.

DISCUSSION

Despite the wide variety of dry-mouth interventions, efficient and satisfying 
treatment of oral dryness still seems to be lacking [20]. Therefore, in our view, 
understanding the choice for dry-mouth interventions might contribute to a 
more tailored advice contributing to improved dry-mouth treatments. The use 
of dry-mouth interventions has been investigated in different groups of dry-
mouth patients; some studies included various dry-mouth patients without 
differentiating between patients, while others included only a specific group 
of dry-mouth patients, such as Sjögren’s syndrome [5–7, 21, 22]. To the best of 
our knowledge, no studies have compared the use of interventions by various 
dry-mouth patient subgroups differentiated on the aetiology of oral dryness.

The present study explored the use of dry-mouth interventions in various 
subgroups of dry-mouth patients and the potential associations with dry-
mouth feelings and salivary flow rates. The dry-mouth patients used a wide 
variety of interventions to relieve their oral dryness. The interventions “drinking 
water”, “moistening the lips” and “rinsing of the mouth” were the most frequently 
used. There was a significant difference between the subgroups of patients 
in the chosen interventions to relieve their dry mouth. In general, SS (+ High 
Med) patients used more interventions than Low Med patients and controls. 
Moreover, some patient subgroups showed associations between the XI score 
and/or the RODI score and the use of specific dry-mouth interventions.

Some interventions were frequently used, which might be related to the 
fact that they are easily accessible and devoid of negative side-effects. For 
example, drinking water, tea or coffee and sugar-free chewing gum are easy 
and safe to use. In turn, it can be anticipated that the interventions “drinking
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soft drinks or beer”, “sucking ice cubes” and “acupuncture” could be used less 
frequently due to the fact that they were less convenient or less easy to use. 
The cost of interventions could also influence the choice. For example, the costs 
of acupuncture are around $50–70 per session [23], while the effectiveness is 
questionable [5, 24, 25]. Side-effects, such as nausea, sweating or headache, 
have frequently been reported for individuals taking pilocarpine, which 
will negatively affect the number of patients choosing this intervention [5]. 
Application of saliva substitutes, such as mouth sprays and gels, provides a 
moisture-retaining coating over the mouth. However, these products need to be 
applied frequently during the day and also the flavour is often experienced as 
unpleasant [7, 20]. Also, reimbursement of specific interventions for a particular 
patient group may also have affected their use.

“Drinking water”, “moistening the lips” and “rinsing of the mouth” were the 
most frequently used interventions by all patient subgroups. Apparently, these 
interventions seem more popular than using chewing gum or using salivary 
substitutes. Obviously, drinking water can only temporarily relieve the sensation 
of a dry mouth [26, 27], because the viscosity of water does not change with 
increasing shear like saliva [28]. Besides, the moistening and lubrication effect 
of water is limited, due to limited surface retention and evaporation by the 
absence of salivary MUC5B [29].

Since irradiation in the head and neck region can damage the salivary 
glands [1, 2], it was expected that RTX would use chewing gum to relieve dry-
mouth complaints less frequently than patients with oral dryness due to 
medication, where mechanical stimulation of the saliva secretion is possible. 
Surprisingly, there was no significant difference between these patient 
subgroups for “chewing gum”. The SS subgroup where progressive immune-
mediated self-destruction of the salivary glands occurs also did not differ in 
the use of chewing gum than High and Low Med subgroups (Table 4). This might 
be related to the severe overall dry-mouth experience in RTX patients and SS 
patients, as indicated by their extreme high XI scores and RODI scores [10]. 
However, in the early stages of Sjögren’s syndrome, some improvements can 
be obtained in salivary secretion by gustatory or pharmacological stimulation 
[30].

Several studies have reported that the effectiveness of mouth gel for 
the relief of dry-mouth seems to be limited as their use did not result in a 
satisfactory alleviation of dry-mouth complaints [6, 7, 22]. However, in the 
current study, a substantial number of patients used this product (ranging 
between 27.3 and 45.5%). In particular, SS, RTX and High Med patients had the 
highest percentages for the use of mouth gels. It is possible that these patient 
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subgroups use mouth gels to improve other oral problems such as a burning 
mouth, and difficulty with mastication and swallowing [31].

The use of dry-mouth interventions was significantly associated with the 
total XI score and the flow rate of CHSWS and A-SWS. Besides, the use of one 
or more dry-mouth interventions was significantly associated with all eight 
intra-oral regions of the RODI questionnaire. UWS was not associated with any 
dry-mouth intervention. In several groups of patients, it has been shown that 
UWS flow rate does not have a strong correlation with the severity of their 
xerostomia [32–34]. It was also found that the RODI scores and salivary flow 
rates were not correlated [9]. This suggests that advice to a patient for use of 
dry-mouth interventions should be based on the severity of their oral dryness 
complaints experienced, not on the UWS salivary flow rate. Nevertheless, 
health care professionals should still consider the UWS flow rate important, as 
a severely low secretion rate is a major risk factor for the development of oral 
health problems like caries, oral discomfort, taste alterations and candidiasis 
[1, 2, 29].

In almost all patients, the total XI score was strongly associated with the 
use of almost all dry-mouth interventions. As discussed earlier, the overall 
dry-mouth experience is an important determining factor for the use of 
interventions. As almost all these interventions are aimed to relieve dryness 
of the entire mouth, like the interventions “drinking water”, “rinsing of the mouth”, 
“eating fruit” and “drinks small volumes”, they have significant associations with 
the total XI score which represents the overall dry-mouth feeling.

On the other hand, specific intra-oral regions of the RODI had an significant 
association with locally applied interventions. Surprisingly, “using mouth gel” 
was significantly associated with the RODI scores of the anterior tongue for all 
patient subgroups. It seems that, the tongue plays an important role in dry-
mouth perception [17], and mouth gels can be easily applied to this intra-oral 
region. “Moistening the lips” was significant associated with the RODI scores 
of the upper lip. In this anatomical area, an intervention can easily be applied 
as well.

In summary, the use of dry-mouth interventions was significantly 
associated with the dry-mouth experience of patients, especially the overall 
(total XI score) and intra-oral (RODI scores) dry-mouth feeling. Interventions 
aimed to relieve dryness of the entire mouth, such as “drinking water” and 
“rinsing of the mouth”, were significantly associated with total XI score, while 
locally applied interventions (for example “using mouth gel”) were significant 
associated with dryness of anterior tongue. This finding will help clinicians in 
advising dry-mouth patients depending on dryness of intra-oral region(s) in 
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combination with the severity of their overall mouth dryness. Dryness of the 
mouth is associated with dryness of other regions of the body, such as the 
nose or eyes [35]. Therefore, it seems interesting to investigate which therapies 
people apply for dryness of these body parts, and to explore their relationship 
with the interventions against oral dryness.

Surprisingly, no significant associations were found for SS in relation to any 
intervention. This outcome is contrary to a previous study which revealed in 
SS patients that dryness of the inside cheeks was significantly associated with 
the use of mouth gels, while dryness of posterior palate, anterior and posterior 
tongue was associated with drinking water, rinsing the mouth or drinking 
small volumes [17]. This discrepancy is probably attributed to the difference 
in included subjects in both studies. In the previous study, 87 SS patients were 
included, while in the present study, a much smaller number of SS patients was 
included, negatively affecting the statistical power of the analysis.

A possible limitation of the present study is that the control subjects who 
visited the saliva clinic were a rather heterogeneous group. The reasons why 
they were referred to the clinic were diverse, varying from an inexplicably high 
caries incidence, having a metal taste to dry-mouth complaints which were 
not due to Sjögren’s syndrome, radiotherapy or medication. It is possible that 
their dry-mouth symptoms might be due to other reasons like (chronic) stress 
and depression, which can significantly reduce the salivary flow rate and 
cause xerostomia [36]. However, the median flow rate of the control subjects 
for unstimulated saliva was 0.22 mL/min, which is in the normal range [37]. 
Their mean dry-mouth experience (XI score) was 27.0, which was the lowest 
than other patient subgroups. This suggests that the possible contribution of 
dry-mouth patients to the control groups might be limited.

Another potential limitation of the present study is that no data were 
available about the frequency of use, which may differ between different 
dry-mouth interventions. To exemplify, it is possible that Sjögren’s syndrome 
patients drank water multiple times a day, while they moistened their lips only 
once or twice a day. Knowledge of the frequency of use can contribute to 
tailored advice for dry-mouth patients in even more detail. Also, no data on 
the perceived effectiveness of the dry-mouth interventions were available. 
Therefore, future studies should include these parameters, for example by 
asking the patients to register the use of interventions in a diary for some time 
and to rate the effectiveness on their oral dryness using a Likert scale. In future 
research, it is important to investigate the frequency and efficacy of dry-mouth 
interventions in detail.
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Unfortunately, the duration of the dry-mouth complaints was not available. 
In this light, it cannot be excluded that, for example patients who suffered for a 
relative long period from dry mouth, used different types of interventions than 
patients with more recent complaints. Besides, the included patients were 
allocated to the various dry-mouth patient groups based on their self-reported 
answers to the European Medical Risk-Related History questionnaire [14, 14]. 
Despite the high validity (sensitivity of 88–92% and specificity of 98–99%) of the 
European Medical Risk-Related History questionnaire [38, 39], this questionnaire 
does not provide information about the criteria that have been used for the 
diagnosis Sjögren’s syndrome nor information about the cumulative dose of 
radiotherapy received. Obtaining this information from the attending physician 
in future studies might improve the allocation of patients to different subgroups 
and thereby improve the validity of the data for each group of patients.

MAIN CONCLUSIONS

Various dry-mouth patients used a wide range of interventions to relieve 
their oral dryness. The use of these dry-mouth interventions was significantly 
associated with the overall (total XI score) and intra-oral (RODI scores) dry-
mouth feeling. The use of interventions aimed to relieve dryness of the entire 
mouth, such as “drinking water” and “rinsing of the mouth”, was significantly 
associated with total XI score, while locally applied interventions, for example 
“using mouth gel”, were significantly associated with dryness of anterior tongue 
in particular.

These findings might help clinicians to give more specific and patient-
tailored advice about interventions for the relief of oral dryness complaints.
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ABSTRACT

Objective
Sjögren’s syndrome patients use different dry-mouth interventions for the relieve of 
their oral dryness. Recently, it was shown that patients with dry-mouth complaints 
have regional differences in perceived intra-oral dryness. Therefore, the aim of the 
present study was to investigate whether the use of dry-mouth interventions is 
related to the perceived regional oral dryness.

Materials and methods
A cross-sectional study was performed with Sjögren’s patients. Volunteers could 
anonymously administer various questionnaires, including the Regional Oral Dryness 
Inventory (RODI), Xerostomia Inventory (XI), Bother Index (BI) and a list of dry-mouth 
interventions.

Results
Sjögren’s syndrome patients use a wide variety for the relief of oral dryness. “Drinking 
water’’ and “moistening the lips’’ were used most frequently. Dry-mouth interventions, 
“drinking water’’, “rinsing of the mouth”, and “drinking small volumes” were associated 
with the RODI scores of the posterior palate, and anterior and posterior tongue, 
respectively. On the other hand, “using mouth gel’’ had an significant association 
with the RODI scores of the inside cheeks.

Conclusion
Sjögren’s syndrome patients are more likely to use mouth gels when their inside 
cheeks were experienced as most dry, while they drank water, rinsed their mouth or 
drank small volumes if the posterior palate, and anterior and posterior tongue were 
considered as dry. It can be concluded that intra-oral dryness affects dry-mouth 
perception and thereby also the use of the various dry-mouth interventions.

Clinical relevance
The therapeutic choice of dry-mouth interventions by Sjögren’s syndrome patients 
seems to some extent to be related to dryness at specific intra-oral regions.

Keywords:
Sjögren’s syndrome, Dry mouth, Xerostomia, Xerostomia Inventory, Bother Index, 
Dry-mouth interventions
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INTRODUCTION

Sjögren’s syndrome is an autoimmune disease that affects the exocrine 
lacrimal and salivary glands [1, 2]. As a result of progressive immune-
mediated damage to the salivary glands, Sjögren’s syndrome is associated 
with hyposalivation and xerostomia [1]. Both hyposalivation and xerostomia 
may induce comorbidities such as difficulty with swallowing, speaking and 
sleeping. Loss of the protective and antimicrobial properties of saliva may also 
increase the risk of oral diseases such as dental caries and oral candidiasis 
[1, 3]. This negatively affects the oral health and the quality of life [1, 4]. In order 
to relieve their dry mouth complaints, Sjögren’s syndrome patients seek for 
effective care and treatment.

In early stages of Sjögren’s syndrome, when residual salivary function is 
still present, salivary flow can be stimulated, e.g. by the use of lozenges and 
chewing gums. Upon prescription, systemic pharmacotherapies, such as 
pilocarpine or cevimeline, might be used [4–6]. Alternatively, electrostimulation 
of the salivary glands and acupuncture have been reported to increase saliva 
production [4, 5]. However, when the salivary function is irreversibly impaired, 
only the use of saliva substitutes remains for the relief of oral problems. For this 
purpose, a wide range of salivary substitutes such as mouth sprays, gels and 
mouthwashes is available.

Despite the fact that several dry-mouth interventions are available, their 
effectiveness seems to be limited. Although the use of pilocarpine is associated 
with a reduction in dry mouth symptoms, the effect size, clinical significance 
and duration of the effect remain unclear [4]. Furthermore, for cevimeline 
and electrostimulation, there is limited evidence with respect to increasing 
the salivary flow in Sjögren’s syndrome patients [4]. Besides, adverse events 
such as nausea, sweating or headache are commonly reported for individuals 
taking pilocarpine and cevimeline [4]. Additionally, these pharmacotherapies 
may be contraindicated in patients with comorbidity like chronic respiratory, 
cardiovascular or renal disease [6]. Taken together, there is no robust evidence 
that any of the treatments known is fully effective or leads to a widely supported 
satisfaction to relieve dry mouth complaints [5–7]. As a consequence, 
therapeutic advice of healthcare professionals to patients with Sjögren’s 
syndrome is difficult and generally based on a combination of dentist’s 
opinion, scientific literature, patients’ personal experience and availability of 
products [4]. The advice is usually related to the overall oral dryness severity. 
However, we have recently shown that there are important regional differences 
in perceived intra-oral dryness [8, 9]. Dry-mouth patients experienced the oral 
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dryness of the posterior palate as most severe, while the floor of the mouth 
and the inside cheeks were experienced as less dry. Accordingly, the aim of 
the present study was to investigate possible associations between the use 
of dry-mouth interventions and the perceived oral dryness, both overall and 
regional, of Sjögren’s syndrome patients. We anticipate that this information will 
contribute in developing more tailored advice about dry-mouth intervention(s) 
for Sjögren’s syndrome patients.

MATERIALS AND METHOD

Study design
A cross-sectional study was performed among Sjögren’s syndrome patients 
who visited the annual meeting of the Dutch Sjögren Patients Federation on 
October 5th, 2019 (Dutch: Nederlandse Vereniging van Sjögren Patiënten). 
Volunteers could anonymously fill in the questionnaire described below and 
return it in a designated mailbox during the meeting or return the questionnaire 
by mail using an enclosed prepaid envelope.
The local Ethics Review Committee of the Academic Centre for Dentistry 
Amsterdam (ACTA) confirmed that the Medical Research Involving Human 
Subjects Act (WMO) did not apply to this study (protocol number 201930). 
The reporting of this study conforms to the STrengthening the Reporting of 
OBservational studies in Epidemiology (STROBE) statement [10].

Study variables
The questionnaire, developed for this study, consisted of five parts. First, some 
general questions with regard to age, sex and year in which Sjögren’s syndrome 
had been diagnosed by a physician.

Second, the Regional Oral Dryness Inventory (RODI) questionnaire was 
used to determine differences in dry-mouth perception at different intra-oral 
locations. The RODI questionnaire contains nine schematic illustrations of 
different locations in the oral cavity [8, 9]. Four illustrations represent areas in 
the upper jaw: the upper lip, the posterior part of the palate (from the rugae 
up to the end of the soft palate), the anterior part of the palate (including the 
rugae) and the inside part of the cheeks. Four other illustrations represent areas 
in the lower jaw: the lower lip, the anterior part of the tongue (from the tip of 
the tongue up to the vallate papilla), the posterior part of the tongue (from the 
vallate papilla up to end of the tongue) and the floor of the mouth. Finally, one 
illustration represents the pharynx. At each location, the patient can indicate 
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the severity of the intra-oral dryness on a 5-point Likert scale ranging from 
1—”No dryness” to 5—”Severe dryness” [8, 9].

The third part was the Xerostomia Inventory (XI), consisting of 11 items on 
a 5-point Likert scale ranging from 1—”Never” to 5—”Very often”. The items 
concern patients’ oral dryness and mouth feel. Per item, patients indicate 
how often they experience problems regarding mouth feel and oral dryness. 
The scores of the 11 items are summed to produce a total XI score that ranges 
between 11 (no xerostomia) and 55 (extreme xerostomia) [11].

The fourth part consisted of the Bother Index (BI). In the BI, the patient is 
asked to rate the severity of dry mouth on a scale from 0 to 10 [12–16].

Finally, the questionnaire included a list of potential interventions to relieve 
the feeling of a dry mouth [17]. These interventions are summed up in Table 
2 and divided into two categories: the frequently (> 20%) and less frequently 
used (< 20%) interventions. The participants could indicate with yes/no which 
options they apply for the relief of their dry mouth. With the option “using other 
interventions’’, they could report additional interventions applied not listed in 
the questionnaire. Because some respondents did not answer all items of the 
questionnaires, the total number for items may differ.

Data analysis
The data were statistically analyzed with SPSS, version 26.0 (IBM Corp SPSS 
statistics, Armonk, NY, USA). The Shapiro–Wilk test was used to assess the 
normality of the data. As not all variables were normally distributed, the 
data are presented as medians and their interquartile range (IQR). To clarify 
relatively small differences, the mean and standard deviation (SD) are also 
reported.

A Friedman test was conducted for the RODI scores of the total study sample, 
followed by a Wilcoxon signed rank test as a post hoc procedure.

The possible relationships between frequently used dry-mouth interventions 
and the perceived oral dryness (RODI and XI) and patients’ discomfort (BI) were 
investigated initially by using a univariate analysis, using Mann–Whitney U tests. 
Only the significant interventions found in the univariate analysis were further 
explored in the multivariate analysis, the binary logistic regression. The dry-
mouth interventions were considered as dependent variable and the total XI 
score, BI-score and RODI scores of the nine intra-oral regions were considered 
as independent variables. To identify the degree of multicollinearity among the 
independent variables, the variance inflation factor (VIF) was calculated. The 
VIF for these variables was < 5, which indicates that there is no multicollinearity 
present among these variables [18, 19], so they do not influence each other.

8
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The backward conditional method was used to analyze these independent 
variables. If there was a significant association between a dry-mouth 
intervention and one or more independent variables, then the odds ratio and 
the 95% confidence interval (95% CI) were reported. Furthermore, the last step 
of the Omnibus test chi-square, and the Hosmer and Lemeshow (H–L) test chi-
square including their degree of freedom (df) and their p-values were reported. 
Also, the Cox & Snell R square and the Nagelkerke R square were reported, if 
the association was significant.

All significance levels (α) were set at 0.05.

RESULTS

At the yearly meeting of the patient federation, 176 questionnaires were 
distributed. In total, 91 questionnaires were returned, a response rate of 51.7%. 
Most of the respondents were female (N = 81, 89.0%), while 6 were male and 
4 did not indicate their gender. The mean age of the respondents was 64 ± 
10 years, with age ranging from 35 to 84 years. Almost all patients (N = 87, 
95.6%) reported that they had been diagnosed with Sjögren’s syndrome by a 
physician, while 4 respondents did not answer this question. After excluding 
these four respondents, the final study sample consisted of 78 females, 6 males 
and 3 without any indication of their gender.

Removal of these respondents did not affect the mean age.

Perceived oral dryness and patients’ oral discomfort
The perceived oral dryness at various intra-oral locations, as determined with 
the RODI questionnaire, is presented in Table 1. Perceived oral dryness in the 
total study sample differed significantly among the nine intra-oral regions 
(Friedman test p < 0.05, followed by Wilcoxon signed-rank test). The perceived 
intra-oral dryness was most severe for the posterior palate and the pharynx. In 
contrast, the floor of the mouth and the inside of the cheeks were experienced 
as least dry.

The mean overall XI score was 42.8 ± 8.7, with a median score of 45.0 and 
IQR of 38.0–48.5 (N = 85). The mean BI score was 7.1 ± 2.4, with a median score 
of 8.0 and IQR of 6.0–9.0 (N = 87).
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Table 1: Perceived oral dryness in nine intra-oral regions as determined with the Regional Oral 
Dryness Inventory (RODI) in the study population. Data are presented as median with corresponding 
interquartile range (IQR) and as a mean with standard deviation (SD). N indicates the total number 
of respondents for each intra-oral region.

Intra-oral regions Mean SD Median IQR N

Upper lip 3.25 1.00 3.0 3.0-4.0 85

Inside cheeks 3.13 1.04 3.0 2.0-4.0 86

Anterior palateb 3.40 1.04 3.0 3.0-4.0 86

Posterior palatea,b,c 3.67 0.99 4.0 3.0-4.0 86

Lower lipc,d 3.19 0.98 3.0 3.0-4.0 83

Floor of the moutha,c,d 3.02 1.09 3.0 2.0-4.0 83

Anterior tonguea,e,f 3.46 1.10 4.0 3.0-4.0 83

Posterior tonguea,b,e,f 3.54 1.00 4.0 3.0-4.0 84

Pharynxa,b,e,f 3.61 1.03 4.0 3.0-4.0 83

a Wilcoxon signed-rank tests: p < 0.05 vs. upper lip
b Wilcoxon signed-rank tests: p < 0.05 vs. inside cheeks
c Wilcoxon signed-rank tests: p < 0.05 vs. anterior palate
d Wilcoxon signed-rank tests: p < 0.05 vs. posterior palate
e Wilcoxon signed-rank tests: p < 0.05 vs. lower lip
f Wilcoxon signed-rank tests: p < 0.05 vs. floor of the mouth 
g Wilcoxon signed-rank tests: p < 0.05 vs. anterior part of the tongue
h Wilcoxon signed-rank tests: p < 0.05 vs. posterior part of the tongue

Dry-mouth interventions strategies
Most respondents use one or more interventions for the relief of their dry 
mouth complaints (Table 2). The most frequently used interventions (> 20%) 
to relieve dry mouth complaints were “drinking water’’ and “moistening 
the lips’’. Less frequently used interventions (< 20%) by Sjögren’s syndrome 
patients were “keeping lemon slices in the mouth’’ and “putting olive oil in 
the mouth’’. Most reported “using other medications’’ that Sjögren’s syndrome 
patients used included the use of Xylimelts®, oral adhering discs that release 
xylitol and cellulose gum upon use. The spontaneously reported “using other 
interventions’’ included “drinking chocolate milk”, “using mouth wash”, “using 
specialized toothpaste” and “using different kind of candies”.

8
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Table 2: Frequently (>20%) and less frequently used (<20%) interventions by Sjögren’s syndrome 
patients to relieve dry-mouth symptoms. Data are expressed as percentages.

Frequently used 
intervention for dry mouth %

Less frequently used 
intervention for dry mouth %

Drinking water 90.5 Focusing on other activities 13.1

Moistening the lips 72.6 Using other interventions 12.2

Drinking tea 60.7 Using other medications 11.9

Rinsing of the mouth 50.0 Using pilocarpine 8.3

Chewing gum 48.8 Drinking lemonade 4.8

Drinking small volumes 48.8 Drinking soft drinks 3.6

Using mouth gel 42.9 Using acupuncture 3.6

Eating fruit 40.5 Drinking beer 3.6

Using mouth spray 27.4 No intervention 3.6

Drinking coffee 25.0 Sucking ice cubes 2.4

Sucking sour candies 23.8 Putting olive oil in the mouth 1.2

Keeping lemon slices in the mouth 1.2

The association of oral dryness and patients’ discomfort with dry-mouth 
intervention strategies
The association between the perceived oral dryness of Sjögren’s syndrome 
patients and the frequently used intervention strategies (used by more than 
20% of the sample) to relieve dry mouth was further explored. In Tables 3 and 4, 
the associations are presented between the use of these interventions and the 
perceived dryness at different intra-oral locations (RODI scores). Respondents 
who rinsed their mouth and those who refrained from rinsing their mouth 
showed significant differences in RODI scores for all intra-oral regions except 
for the anterior palate. The RODI scores of patients who use water were higher 
for all intra-oral regions except for the anterior palate, lower lip and the anterior 
tongue than the RODI scores of patients who did not drink water. For other 
dry-mouth interventions, only a few regions showed significant differences 
between patients who applied an intervention and patients who did not apply 
that intervention. Interestingly, for “using mouth gel’’, significant differences 
were only observed for the inside cheeks and the anterior palate. Intra-oral 
dryness was not related to the use of the following dry-mouth interventions: 
“sucking sour candies’’, “chewing gum’’, “eating fruit’’, “moistening the lips’’ and 
“using mouth spray’’.

Table 5 shows the association between the total XI scores and frequently 
used dry-mouth intervention strategies. Interventions that are associated with 
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significant higher total XI scores are “rinsing of the mouth”, “drinking water”, 
“eating fruit” and “using mouth gel”, indicating that the patients who use these 
interventions suffer from more severe overall dry mouth than patients who 
refrain from them.

All other interventions did not show any relation with the XI scores.
Table 6 presents the BI-scores of patients who apply frequently used dry-
mouth interventions versus patients who do not use these interventions. 
Only Sjögren’s patients who rinsed their mouth and/or who drank water had 
significantly higher BI-scores and thereby more dry-mouth discomfort than 
patients who refrained from these interventions. For all other interventions, 
there were no significant differences between patients who use a specific 
intervention or those who refrain from that intervention.

8
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Table 3: The RODI-scores of the upper jaw for Sjögren’s syndrome patients who report the use of a 
specific intervention for the relieve of dry mouth complaints versus patients who do not use that 
intervention. Data are expressed as mean scores with standard deviation (SD). 

Intervention Use Upper lip Inside cheek Anterior palate Posterior palate

Drinking water Yes
No

3.4 ± 0.9* 
2.3 ± 1.1

3.2 ± 1.0*
2.1 ± 1.1

3.5 ± 1.0
2.4 ± 1.5

3.8 ± 0.9** 
2.4 ± 1.4

Moistening the lips Yes
No

3.4 ± 1.0
3.0 ± 1.1

3.2 ± 1.0
3.0 ± 1.1

3.4 ± 1.1
3.4 ± 1.1

3.7 ± 0.9
3.6 ± 1.1

Drinking tea Yes
No

3.2 ± 0.9
3.3 ± 1.1

3.0 ± 1.0
3.3 ± 1.1

3.3 ± 1.0* 
3.6 ± 1.1

3.6 ± 0.9
3.7 ± 1.1

Rinsing of the mouth Yes
No

3.6 ± 0.9** 
3.0 ± 1.0

3.5 ± 1.0** 
2.8 ± 1.0

3.6 ± 1.0
3.2 ±1.1

3.9 ± 0.9** 
3.4 ± 1.0

Chewing gum Yes
No

3.4 ± 1.0
3.2 ± 1.0

3.2 ± 1.1
3.1 ± 1.0

3.6 ± 1.0
3.2 ± 1.1

3.6 ± 0.9
3.7 ± 1.0

Drinking small volumes Yes
No

3.4 ± 0.9
3.2 ± 1.1

3.3 ± 1.0 
2.9 ± 1.1

3.5 ± 0.9
3.3 ± 1.28

3.9 ± 0.8 
3.4 ± 1.1

Using mouth gel Yes
No

3.5 ± 0.8
3.1 ± 1.1

3.5 ± 0.8** 
2.9 ± 1.1

3.7 ± 0.9*
3.2 ± 1.1

3.8 ± 1.0
3.5 ± 1.0

Eating fruit Yes
No

3.4 ± 0.9
3.2 ± 1.1

3.2 ± 1.0
3.1 ± 1.1

3.7 ± 1.0
3.2 ± 1.1

3.9 ± 0.8
3.5 ± 1.1

Using mouth spray Yes
No

3.3 ± 0.9
3.3 ± 1.0

3.3 ± 1.1
3.1 ± 1.1

3.5 ± 1.0
3.4 ± 1.1

3.7 ± 1.0
3.7 ± 1.0

Drinking coffee Yes
No

3.4 ± 0.9
3.2 ± 1.0

3.1 ± 0.8 
3.1 ± 1.1

3.6 ± 0.8
3.3 ± 1.1

3.9 ± 0.8
3.6 ± 1.0

Sucking sour candies Yes
No

3.2 ± 0.9
3.3 ± 1.0

3.1 ± 0.8
3.1 ± 1.1

3.6 ± 1.1
3.3 ± 1.0

3.7 ± 0.9
3.6 ± 1.0

* p <0.05 compared to the RODI-score of patients who do not use the intervention, 
Mann-Whitney U test
** p <0.01 compared to the RODI-score of patients who do not use the intervention, 
Mann-Whitney U test
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Table 4: The RODI-scores of the lower jaw and throat for Sjögren’s syndrome patients who report the 
use of a specific intervention for the relieve of dry-mouth complaints versus patients who do not use 
that intervention. Data are expressed as mean scores with standard deviation (SD).

Intervention Use Lower lip
Floor of the 
mouth

Anterior 
tongue

Posterior 
tongue Pharynx

Drinking water Yes
No

3.3 ± 0.9
2.6 ± 1.3

3.1 ± 1.1 
2.0 ± 1.2*

3.5 ± 1.1
2.6 ± 1.3

3.6 ± 0.9** 
2.4 ± 1.1

3.7 ± 0.9* 
2.4 ± 1.5

Moistening the lips Yes
No

3.3 ± 0.9 
2.9 ± 1.1

3.1 ± 1.1
2.8 ± 1.2

3.5 ± 1.1
3.3 ± 1.2

3.5 ± 1.0
3.6 ± 1.1

3.7 ± 1.0
3.4 ± 1.1

Drinking tea Yes
No

3.2 ± 1.0
3.2 ± 1.0

3.0 ± 1.1
3.1 ± 1.2

3.4 ± 1.1
3.5 ± 1.2

3.6 ± 0.9
3.4 ± 1.1

3.7 ± 1.0
3.6 ± 1.1

Rinsing of the mouth Yes
No

3.5 ± 0.9* 
3.0 ± 1.1

3.4 ± 0.9** 
2.7 ± 1.2

3.9 ± 0.8** 
3.0 ± 1.2

3.8 ± 0.9*
3.3 ± 1.1

3.9 ± 1.0* 
3.4 ± 1.1

Chewing gum Yes
No

3.3 ± 1.1
3.1 ± 0.9

3.2 ± 1.2
2.9 ± 1.0

3.6 ± 1.1 
3.3 ± 1.1

3.6 ± 1.0
3.5 ± 1.0

3.5 ± 1.0
3.8 ± 1.1

Drinking small volumes Yes
No

3.3 ± 1.0
3.1 ± 1.0

3.2 ± 1.0
2.8 ± 1.2

3.7 ± 1.0
3.2 ± 1.2

3.8 ± 0.9**
3.2 ± 1.0

3.9 ± 0.8* 
3.3 ± 1.2

Using mouth gel Yes
No

3.5 ± 0.9
3.0 ± 1.0

3.3 ± 1.0
2.8 ± 1.2

3.8 ± 1.0
3.2 ± 1.2

3.8 ± 1.1
3.4 ± 0.9

3.7 ± 1.1
3.5 ±1.0

Eating fruit Yes
No

3.3 ± 0.9
3.2 ± 1.0

3.2 ± 1.0
2.9 ± 1.2

3.8 ± 0.8
3.2 ± 1.3

3.7 ± 0.9
3.4 ± 1.1

3.8 ± 1.0
3.5 ± 1.1

Using mouth spray Yes
No

3.5 ± 0.8
3.1 ± 1.0

3.2 ± 1.1
2.9 ± 1.1

3.7 ± 0.9
3.4 ± 1.2

3.7 ± 1.0
3.5 ± 1.0

3.9 ± 1.1
3.5 ± 1.0

Drinking coffee Yes
No

3.5 ± 0.9
3.1 ± 1.0

3.5 ± 0.7* 
2.9 ± 1.2

3.6 ± 1.0
3.4 ± 1.1

3.9 ± 0.8
3.4 ± 1.0

3.9 ± 1.0
3.5 ± 1.1

Sucking sour candies Yes
No

3.2 ± 0.8
3.2 ± 1.0

3.1 ± 0.7
3.0 ± 1.2

3.5 ± 0.8
3.4 ± 1.2

3.5 ± 0.8
3.5 ± 1.1

3.8 ± 0.6
3.6 ± 1.1

* p <0.05 compared to the RODI-score of patients who do not use the intervention, 
Mann-Whitney U test
** p <0.01 compared to the RODI-score of patients who do not use the intervention, 
Mann-Whitney U test

8

Binnenwerk_Zainab-Assy_v4.indd   171Binnenwerk_Zainab-Assy_v4.indd   171 05/02/2023   18:4405/02/2023   18:44



172

Chapter 8

Table 5: The total XI-scores of Sjögren’s syndrome patients who report the use of a specific 
intervention for the relieve of dry mouth complaints versus patients who do not use that intervention. 
Data are expressed as mean scores with standard deviation (SD).

Intervention

XI-total of patients
who use intervention
(mean ± SD)

XI-total of patients
who do not use intervention 
(mean ± SD)

Drinking water 43.7 ± 7.5* 32.9 ± 13.4

Moistening the lips 43.5 ± 8.2 40.5 ± 10.1

Drinking tea 42.4 ± 7.7 43.1 ± 10.3

Rinsing of the mouth 45.9 ± 6.6** 39.5 ± 9.6

Chewing gum 43.7 ± 7.6 41.7 ± 9.7

Drinking small volumes 44.4 ± 6.2 40.9 ± 10.6

Using mouth gel 45.4 ± 6.1* 40.5 ± 9.9

Eating fruit 45.8 ± 6.7** 40.6 ± 9.4

Using mouth spray 44.6 ± 7.3 41.9 ± 9.2

Drinking coffee 44.8 ± 7.3 42.0 ± 9.2

Sucking sour candies 45.7 ± 4.8 41.8 ± 9.5

* p <0.05 compared to XI-total of patients who do not use the intervention, Mann-
Whitney U test
** p <0.01 compared to XI-total of patients who do not use the intervention, Mann-
Whitney U test
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Table 6: The BI-scores of Sjögren’s syndrome patients who report the use of a specific intervention 
for the relieve of dry mouth complaints versus patients who do not use that intervention. Data are 
expressed as mean scores with standard deviation (SD).

Intervention

BI-score of patients 
who use intervention 
(mean ± SD)

BI-score of patients 
who do not use intervention 
(mean ± SD)

Drinking water 7.4 ± 2.1** 3.9 ± 3.5

Moistening the lips 7.1 ± 2.5 7.0 ± 2.4

Drinking tea 6.8 ± 2.3 7.5 ± 2.7

Rinsing of the mouth 8.0 ± 1.8** 6.1 ± 2.7

Chewing gum 7.1 ± 2.5 7.0 ± 2.5

Drinking small volumes 7.7 ± 1.8 6.4 ± 2.8

Using mouth gel 7.6 ± 2.1 6.6 ± 2.6

Eating fruit 7.6 ± 1.9 6.7 ± 2.7

Using mouth spray 7.5 ± 1.5 6.9 ± 2.7

Drinking coffee 7.2 ± 1.8 7.0 ± 2.7

Sucking sour candies 7.7 ± 2.3 6.9 ± 2.5

* p <0.05 compared to BI-score of patient who do not use the intervention, Mann-
Whitney U test
** p <0.01 compared to BI-score of patients who do not use the intervention, Mann-
Whitney U test

Multivariate analysis of the association of oral dryness and patients’ 
discomfort with dry-mouth interventions strategies
In Table 7, the odds ratios for the dry-mouth interventions are reported. 
Interestingly, general interventions such as “drinking water’’, “rinsing the mouth’’ 
and “drinking small volumes’’ had significant odds ratios for respectively the 
RODI scores of the posterior palate, anterior and posterior tongue areas. This 
result indicates that patients having more severe dryness at these intra-oral 
regions would more likely use these general dry-mouth interventions.

For “using a mouth gel’’, there was only a significant association with the 
RODI scores of the inside cheeks. As for “eating fruit’’, there was an association 
with the total XI score, indicating that overall oral dryness could influence 
the use of the dry-mouth intervention “eating fruit’’. Only “drinking coffee’’ 
had significant associations with two intra-oral regions, the inside cheeks 
and the floor of the mouth. However, the RODI score of the inside cheeks 
was below 1 (0.25), while the RODI score of the floor of the mouth was larger 
than 1 (2.82). This indicates that higher RODI scores for the floor of the mouth 
and lower scores of the inside cheeks will probably affect drinking coffee by 

8
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Sjögren’s patients. The dry-mouth intervention “drinking tea’’ did not have any 
significant association with any of the included independent variables. Also, 
the independent variable, BI-score, did not have any significant association 
with any dry-mouth intervention.
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DISCUSSION

The present study was designed to explore the possible associations between 
the perceived (regional) oral dryness of Sjögren’s syndrome patients, and 
patients’ use of dry-mouth interventions. Sjögren’s syndrome patients use 
various interventions to relieve their oral dryness. Of those interventions, 
“drinking water” and “moistening the lips’’ were the most frequently used. 
Besides, there were some clear associations between perceived oral dryness 
and some interventions applied, illustrated by the significant odds ratios 
between general dry-mouth interventions, “drinking water’’, “rinsing of the 
mouth”, and “drinking small volumes” and the RODI scores of the posterior 
palate, anterior and posterior tongue, respectively. On the other hand, “using 
mouth gel’’ was significantly associated with the RODI scores of the inside 
cheeks. This observation could indicate that the use of these dry-mouth 
interventions is affected by the intra-oral dryness, measured by the RODI 
questionnaire.

The Sjögren’s syndrome patients in the current study experienced the 
posterior palate and the pharynx as most dry. This observation could be 
explained by the fact that several factors make the hard palate more 
susceptible to oral dryness than other intra-oral locations. These factors 
include paucity of palatal glands, gravity, and evaporation during open-
mouth breathing [20–22]. Besides, it is envisaged that saliva-related changes 
also contribute to the dry mouth feeling of Sjögren’s syndrome patients: an 
altered sialochemical composition, such as higher concentrations of sodium, 
chloride and phosphate [23]; a higher protein concentration on the palate [24]; 
a significantly reduced saliva film on the hard palate; a reduced spinnbarkheit 
of unstimulated whole saliva; and an altered glycosylation of salivary mucins 
[16]. All these factors seem to negatively influence the wetting of the posterior 
palate and the pharynx.

In contrast, the Sjögren’s syndrome patients experienced the floor of the 
mouth and inside cheeks as least dry. These regions include the orifices of 
the major salivary gland [20]. Because of their proximity to the orifices of the 
salivary glands, the saliva film in these regions is probably more moisturizing 
than the saliva film on the palate [21, 25–27].

The current study findings are consistent with our previous study which 
reported the perceived intraoral dryness for various dry-mouth patients 
[8], including Sjögren’s patients as well as patients with polypharmacy and 
patients treated with radiotherapy. In that previous study, it was also found that 
the posterior palate was also the most dry in Sjögren’s syndrome patients, while 
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the floor of the mouth and the inside cheeks were experienced as least dry [8]. 
This supports the suggestion that use of the RODI might add in screening or 
diagnosis of Sjögren syndrome.

The current study found that the use of dry-mouth interventions is influenced 
by intra-oral dryness (RODI questionnaire) in Sjögren’s patients. For almost 
all dry-mouth interventions, there was a significant association with the RODI 
scores except for “eating fruit’’ (Table 7). Only “eating fruit’’ was significantly 
associated with the overall mouth dryness (total XI score); however, the odds 
ratio was only slightly above 1 (1.09). While for all other associations between 
dry-mouth interventions and RODI scores, the odds ratios were around 2 or 
above (Table 7). On the other hand, patients’ discomfort was not significantly 
associated with any dry-mouth interventions. These results show that the intra-
oral dryness, measured by the RODI questionnaire, can be a helpful tool in 
advising dry-mouth interventions for Sjögren’s syndrome patients.

An interesting significant association could be seen for the dry-mouth 
interventions “drinking water’’, “rinsing of the mouth”, and “drinking small 
volumes’’ with some intra-oral regions. However, it is expected that these 
generic dry interventions would be significantly associated with the overall 
mouth dryness (XI score) and not with the intra-oral dryness. In a previous 
study, it was found that the XI scores of Sjögren’s patients had the highest 
correlations with the RODI scores of the posterior palate, anterior and posterior 
tongue, and floor of the mouth [8]. When looking to the other dry-mouth 
patients, it was found that the RODI scores of the anterior and posterior tongue 
and the floor of the mouth had the highest correlations with total XI scores [8]. 
This finding indicates that the tongue and possibly also the posterior palate 
play an important role in dry-mouth perception. A different study that used 
the Clinical Oral Dryness Score (CODS), a clinical tool to semi-quantitatively 
assess oral dryness, found that the items “fissured or depapillated tongue’’ and 
“lack of saliva pooling in the floor of the mouth’’ are signs of hyposalivation [28]. 
Other clinical features of their study, such as a mirror sticking to the tongue, 
a lack of saliva pooling in the floor of the mouth and a tongue showing loss 
of papillae, can be associated with a moderate but significant reduction in 
mucosal wetness [28]. Taken together, this suggests that the tongue might play 
an important role in dry-mouth perception. This may explain why Sjögren’s 
patients have a significant association between “rinsing of the mouth”, 
“drinking small volumes” and the RODI scores of the anterior and posterior 
tongue, respectively. The significant association between “drinking water’’ and 
the RODI scores of the posterior palate is explained by the high RODI scores of 
this region. Of all intra-oral regions, the posterior palate was considered the 

8
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most dry than all other intra-oral regions except the anterior and posterior 
tongue and the pharynx (Table 1). This result shows that dryness of the posterior 
palate in combination with dryness of the anterior and posterior tongue seems 
to play a major role in choosing a dry-mouth intervention, much more than 
the total XI score.

Other interesting findings were the significant associations between “using 
mouth gel’’ and the RODI score of the inside cheeks (Table 7). As seen in Table 
1, the inside cheeks were considered as least dry region. However, when this 
region becomes more dry (Table 3, RODI score ≥ 3.5), patients tend to use a 
mouth gel that can be applied to this region to relieve its dryness.

The frequently used dry-mouth interventions by Sjögren’s syndrome 
patients were “drinking water’’ and “moistening the lips’’. Drinking water was the 
most used (90.5%) intervention compared to all other dry-mouth interventions. 
As mentioned earlier by several systematic reviews, dry mouth products are 
not effective to relieve dry mouth [4, 6, 7]. Especially salivary substitutes, such 
as mouth gels and sprays, are not effective in reducing dry mouth symptoms 
or increasing the salivary flow [4, 6, 7]. This is in line with previous research that 
interviewed Sjögren’s syndrome patients in the Netherlands about their saliva 
substitutes usage [29]. These patients reported that they discontinued use 
of saliva substitutes after a short period of time due to lack of effectiveness 
[29]. Possibly for this reason, Sjögren’s syndrome patients prefer to drink water 
instead of using other dry-mouth interventions. Water is widely accessible at 
low costs. Drinking water can temporarily relieve the subjective sensation of 
dry mouth [30, 31]. However, the effectiveness and longevity of this strategy are 
limited [27], because the viscosity of water does not change with increasing 
shear [32]. In contrast, the viscosity of saliva decreases with increasing shear. 
In practice, this allows saliva to be easily spread on the oral surfaces as 
well as to be retained and not easily washed off oral surfaces [32]. For the 
reason, saliva has important lubricating properties in contrast to water. As a 
consequence, the effectivity of drinking water as a dry-mouth intervention is 
limited compared to saliva.

Although the RODI scores for the upper and lower lip were lower than other 
regions such as the posterior palate, anterior and posterior tongue and the 
pharynx, patients frequently moisten their lips (Table 1). Maintaining moist lips 
appears to be important for patients and can be helped by the administration 
of simple water-based gels and ensuring humidification [33]. Another study 
concluded that scheduled use of ice water oral swabs and lip moisturizer with 
menthol may lessen thirst intensity and dry mouth [34].
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Sjögren’s syndrome is an autoimmune disease that predominantly affects 
women. The female to male ratio of Sjögren’s syndrome is 10:1 [35]. This means 
that vast majority of female respondents in the present study (89%) is a good 
representation of the gender distribution of Sjögren’s syndrome in the Dutch 
population.

A possible limitation of the present study could be that the recruitment of 
the participants may have introduced a certain bias into the study. It can be 
assumed that Sjögren’s syndrome patients who visited the annual meeting 
of the patient federation suffer significantly from their disease and want their 
stories and problems to be heard. The response rate of these participants 
was 52%, whereas a response rate of 70–80% is envisaged to be ideal to 
eliminate a potential nonresponse bias [36], though the current response rate is 
comparable with the response rates of a previous study using a questionnaire 
(56%) which investigated health problems, health information sought and 
attendance of general practice in elderly patients with approximately the same 
age as our study sample(70 years vs 64 ± 10 years in the current study) [37]. If a 
reminder was sent to the participants, then it could positively have affected the 
response rate. Several studies have shown that sending a reminder increased 
the response rate [38, 39]. However, sending reminders was not possible in the 
current study due to the General Data Protection Regulation (GDPA) restrictions 
with regard to collect personal data such as name and address. Therefore, it 
is possible that the study sample in the present study is not representative for 
the total Sjögren’s population, as part of the opinion of the silent part of the 
population may not be present.

Additionally, patients attending the annual meeting may be more interested 
in their oral health than other Sjögren’s syndrome patients. This may have 
introduced an additional bias in the questionnaire responses that may have 
led to an overestimation of their perceived oral dryness.

A limitation of the current study could be that some specific interventions 
were not included in the questionnaire. For example, the low number of 
patients that reported the use of Xylimelts could be due to the fact that this 
intervention was not included. Also, the frequency and efficiency of the dry-
mouth interventions were not included in the questionnaire. E.g., it is possible 
that Sjögren’s syndrome patients drank water many times a day, while they 
moistened their lips only one or twice a day. The perceived effectiveness of 
the dry-mouth interventions should also be evaluated, for example by asking 
the patients to rate this on a Likert scale. As the effectiveness of dry-mouth 
interventions might be related to the degree to which the salivary glands 
are still sensitive to stimulation [31], it is important that prospective studies 

8
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also assess the relation between salivary flow rates and use of dry-mouth 
interventions.

MAIN CONCLUSIONS

The present study shows that Sjögren’s syndrome patients used a wide range 
of interventions to relieve their oral dryness, especially “drinking water’’ was a 
frequently used intervention care. As for the association between dry-mouth 
interventions with oral dryness and patients’ discomfort, only intra-oral dryness 
was significantly associated with the use of dry-mouth interventions. “Drinking 
water’’, “rinsing of the mouth”, and “drinking small volumes” had significant 
associations with the RODI scores of the posterior palate, and anterior and 
posterior tongue, respectively, while the “use of a mouth gel’’ had a significant 
association with the RODI scores of the inside cheeks. These results indicate 
that dryness of the posterior palate and the anterior and posterior tongue will 
influence Sjögren’s syndrome patients to use general dry-mouth interventions, 
such as “drinking water’’, “rinsing of the mouth” and “drinking small volumes”. 
On the other hand, dryness of the inside cheeks will cause patients to use a 
mouth gel. It can be concluded that Sjögren’s syndrome patients are more 
likely to use mouth gels when their inside cheeks were experienced as most 
dry, while they drank water, rinsed their mouth or drank small volumes if the 
posterior palate, anterior and posterior tongue were considered as dry. This 
finding has provided a deeper insight into the association between the use 
of dry-mouth interventions and mouth dryness, as intra-oral dryness affects 
dry-mouth perception and thereby also the use of the various dry-mouth 
interventions. Altogether, the therapeutic choice of a dry-mouth intervention 
by Sjögren’s syndrome patients seems to some extent to be related to dryness 
at specific oral regions.
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ABSTRACT

Objective
Sjögren’s syndrome (SS) patients should be involved in the development of new 
saliva substitutes at an early stage. The purpose of the current study was to explore 
the preferences of these patients regarding various product characteristics of 
potential new saliva substitutes.

Materials and methods
A questionnaire was distributed among SS patients. They could anonymously 
indicate their preferences for saliva substitute characteristics using 5-point Likert 
scales.

Results
Fifty-nine SS patients filled in the questionnaire. According to their opinion, the 
most ideal saliva substitute has a thin-watery consistency with a neutral flavour 
that should be applied as a spray. Patients demand a prolonged alleviation of 
dry mouth complaints and neutralization of harmful bacteria. The patients mainly 
object against the presence of artificial sweeteners and alcohol in saliva substitutes, 
but have limited objections against the presence of vegetable-based ingredients 
and natural enzymes. Major objections were against the potential side-effects 
“bitter taste” and “discoloration of teeth”. Age and severity of xerostomia affected 
preferences flavour. Younger patients preferred menthol flavour, while respondents 
with severe xerostomia preferred the use of “neutral flavours” significantly more.

Conclusion 
The most ideal saliva substitute has thin-watery consistency in spray form with a 
neutral flavour and provides long alleviation of dry mouth complaints. It should not 
contain artificial sweeteners or alcohol, and should not have a bitter taste or cause 
discoloration of the teeth.

Clinical relevance
Investigating the opinion of SS patients provides tailored insights into their preference, 
which may contribute to the development of more effective saliva substitutes.

Keywords
Sjögren’s syndrome, Dry mouth, Xerostomia, Saliva substitutes, Patient preferences, 
Ingredients.
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INTRODUCTION

Sjögren’s syndrome is an autoimmune disease that causes progressive 
damage to the exocrine glands including the salivary glands. As a 
consequence, Sjögren’s syndrome leads to hyposalivation and/or xerostomia 
[1, 2]. The resulting dry mouth may induce comorbidities such as difficulties 
with mastication, swallowing, speaking, and sleeping. In addition, the reduction 
of the protective properties of saliva may also increase the risk of developing 
dental caries and oral candidiasis [1, 3].

At early stages of Sjögren’s syndrome, when residual salivary function 
is still present, salivary flow can be stimulated, e.g. by the use of lozenges 
and chewing gums, systemic pharmacotherapy, or electrostimulation of the 
salivary glands [4–6]. However, in case of an advanced disease process, when 
the salivary function is irreversibly impaired, saliva substitutes such as mouth 
sprays, gels, and mouthwashes can be applied for the relief of oral complaints 
[6, 7]. A substantial number of Sjögren’s syndrome patients are using or have 
used a saliva substitute in the past. In a recent study, this percentage ranged 
between 42.9 and 45.5% for the use of a mouth gel, while for the use of a mouth 
spray it ranged between 25.0 and 27.4% [7, 8].

The currently available saliva substitutes contain animal- and vegetable-
based lubricants and thickeners like porcine gastric mucins, hydroxyethyl 
cellulose, or aloe vera [9]. However, these ingredients have limited ability to 
retain water and require specific environmental conditions to be effective. For 
example, porcine gastric mucins are effective only at an acidic pH and in a low 
ionic strength environment [9]. Besides, some compounds are easily removed 
from the oral cavity by swallowing or drinking, leading to limited duration 
of moistening and lubrication. Additionally, a number of substitutes have 
flavours such as “apple”, “lemon”, and “strawberry”. A reason for manufacturers 
using these flavours is that they can stimulate salivary secretion due to their 
gustatory effect [10]. However, more than the half of Sjögren’s syndrome 
patients reported that they discontinued the use of saliva substitutes after 
a short period of time. An unpleasant taste and sticky consistency were 
main reasons for their discontinuation [11, 12]. The sticky consistency may 
compromise masticatory function [13]. Also, the presence of animal-based 
products in salivary substitutes could induce objections in people from certain 
religious, cultural, and social backgrounds because these products may be 
against their beliefs [14].

However, to the best of our knowledge, no studies have investigated 
patients’ preference for characteristics of saliva substitutes, such as taste, 

9
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consistency, and objections for specific ingredients. Investigating the opinion of 
the users at an early stage of the development of new saliva substitutes might 
provide tailored insights into preference criteria which may contribute to the 
development of more effective saliva substitutes. For this reason, the purpose 
of the current study was to explore the preferences of Sjögren’s syndrome 
patients for various product characteristics of potential new saliva substitutes, 
especially the important functions of possible substitutes, objections against 
certain ingredients, desired flavours for the substitutes, objections against 
potential side-effects of saliva substitutes, and the preferred method of 
administration. The unpleasant taste of saliva substitutes is a major reason 
for discontinuation of use of these products [11, 12]. Therefore, we explored the 
preferences for a wide range of possible flavours. As the amount of saliva 
present in the oral cavity may affect taste, we hypothesized that Sjögren’s 
syndrome patients with less severe dry-mouth experience will prefer different 
flavours than patients with more severe dryness. In addition, we hypothesized 
that Sjögren’s patients will have more objections against the presence of 
specific animal-based ingredients than for non-animal–based products.

MATERIALS AND METHOD

A cross-sectional study was performed among Sjögren’s syndrome patients 
who visited the website of the Dutch Sjögren Patients Federation (Dutch: 
Nederlandse Vereniging van Sjögren Patiënten). Volunteers could anonymously 
fill in the questionnaire described below during a period of 7 weeks. Only 
volunteers with diagnosed Sjogren’s syndrome were eligible to fill in the 
questionnaire.

The local Ethics Review Committee of the Academic Centre for Dentistry 
Amsterdam (ACTA) confirmed that the Medical Research Involving Human 
Subjects Act (WMO) did not apply to this study (protocol number 2017001). 
The reporting of this study conforms to the Strengthening the Reporting of 
OBservational studies in Epidemiology (STROBE) statement [15].
A priori sample size calculation was performed using G*Power software, version 
3.1.9.4 (Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany); with a 
medium effect size (0.5) and a power of 80%, 148 participants were needed.
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Study variables
The questionnaire, developed for this study, consisted of eight parts. First, 
several general questions with regard to age, sex, and year when Sjögren’s 
syndrome had been diagnosed by a physician.

The second part was the internationally accepted and validated Xerostomia 
Inventory (XI), consisting of 11 items on a 5-point Likert scale ranging from 
1 = “Never” to 5 = “Very often”. The items concern patients’ oral dryness and 
mouth feel. Per item, patients indicate how often they experience problems 
regarding mouth feel and oral dryness. The scores of the 11 items are summed 
to produce a total XI score that ranges between 11 (no xerostomia) and 55 
(extreme xerostomia) [16]. XI had showed adequate content and concurrent 
validity [16].

The remaining parts of the questionnaire contained questions regarding 
various product characteristics of hypothetical new saliva substitutes.
The third part explored the importance of different functions of saliva 
substitutes. The patients could indicate the importance of each function 
by using a 5-point Likert scale, ranging from 1 = “Unimportant” to 5 = “Very 
important”. All investigated possible functions of salivary substitutes are 
presented in Table 1.

The fourth part consisted of a question about the preferred consistency of 
saliva substitutes; thin-watery or thick-liquid-like or gel-like.

The fifth part explored how much the patients object the presence of certain 
ingredients in saliva substitutes using 5-point Likert scales, ranging from 1 = “No 
objection” to 5 = “Insurmountable objections”. Table 2 presents all potential 
ingredients investigated.

The sixth part consisted of an item on the desired flavour of saliva substitutes. 
A 5-point Likert scale was used to indicate the importance of the availability 
of each flavour, ranging from 1 = “Unimportant” to 5 = “Very important”. The 
desired flavours investigated are presented in Table 3.

9
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The seventh part of questionnaire was about potential side-effects of 
saliva substitutes. For each side-effect, the patient could indicate if they 
would experience it as unpleasant by using a 5-point Likert scale ranging from 
1 = “Not unpleasant” to 5 = “Very unpleasant”. Table 4 presents the investigated 
potential side-effects of salivary substitutes.

Finally, a question was included about the preferred method of 
administration of the saliva substitutes, whereby patient could choose a mouth 
gel, a mouth spray, an oral rinse, or a tablet.

Data analysis
The data were statistically analysed with SPSS, version 28.0 (IBM Corp SPSS 
statistics, Armonk, NY, USA). The Shapiro–Wilk test was used to assess the 
normality of the data. As not all variables were normally distributed, the 
data are presented as medians and their interquartile range (IQR). To clarify 
relatively small differences, the mean and standard deviation (SD) are also 
reported.

The respondents were dichotomized based on their age and the severity of 
their xerostomia. The two xerostomia groups were used to test the hypothesis 
whether Sjögren’s syndrome patients with less severe dry-mouth experience 
prefer other flavours than patients with more severe dryness. The median of 
these two parameters was used to divide them into two groups: birth year ≤ 
1958 versus birth year ≥ 1959 and mouth dryness with a XI score ≤ 46 versus 
mouth dryness with a XI score ≥ 47. A Mann–Whitney U test was used to explore 
whether the subgroups of respondents varied based on their respective 
answers.

All significance levels (α) were set at 0.05.

RESULTS

At the time the questionnaire was distributed to the patients, the patients’ 
association had 2115 members. In the period when the questionnaire was 
available online, the association’s website was visited by 1485 people. During 
this period, 59 Sjögren’s syndrome patients completed the questionnaire. 
Almost all respondents were women (N = 58, 98%). The mean age of the 
respondents was 55.7 ± 12.0 years, ranging from 25 to 79 years. The respondents 
reported that the Sjögren’s syndrome had been diagnosed between 1 and 36 
years ago. The total XI score of all patients had a median of 47.0 with IQR of 
43.0–51.0.
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Table 1 describes the opinion of Sjögren’s syndrome patients regarding 
the importance of different functions of saliva substitutes. Most of the 
possible functions were considered important (score ≥ 4), while functions 
such as “provides fast alleviation of dry mouth”, “gives prolonged alleviation 
of dry mouth”, “protects the mucosa”, “facilitates speaking”, “neutralizes 
harmful bacteria”, and “optimizes the mouth flora” were considered very 
important (score ≥ 4.5). On the other hand, functions such as “available in 
different flavours” and “can be used unnoticed” were considered relatively 
less important. The two age groups did not show any significant differences 
regarding possible functions of saliva substitutes (Mann–Whitney U test p > 
0.05). Respondents with a more severe xerostomia, indicated by a higher XI 
score, considered the function “gives a prolonged alleviation of dry mouth” 
more important than the lower XI-group (mean = 4.73 ± 0.83, median = 5.0 
± 5.0–5.0, N = 30, versus mean = 4.55 ± 0.63, median = 5.0 ± 4.0–5.0, N = 29, 
Mann–Whitney U test p < 0.05). All other functions did not show any significant 
difference for the two XI-groups.

Table 1: Sjögren’s syndrome patients opinon regarding the importance of the potential functions 
of saliva substitutes, using a Likertscale (from 1= “Unimportant’’ to 5= “Very important’’). Data are 
expressed as as mean score with standard deviation (SD.) and median scores with the corresponding 
interquartile range (IQR). N indicates the number of participants in each group.

Possible functions Total mean ± SD. (N) Total median ± IQR

Helps to prevent tooth decay 4.03 ± 1.36 (N=59) 5.0 ± 3.0-5.0

Helps painful swallowing 4.15 ± 1.20 (N=59) 5.0 ± 5.0-4.0

Provides fast alleviation of dry mouth 4.49 ± 1.01 (N=59) 5.0 ± 5.0-4.0

Gives prolonged alleviation of dry mouth 4.64 ± 0.74 (N=59) 5.0 ± 5.0-4.0

Protects the mucosa 4.49 ± 0.88 (N=59) 5.0 ± 5.0-4.0

Treats bleeding gingiva 3.54 ± 1.29 (N=59) 4.0 ± 5.0-3.0

Facilitates speaking 4.48 ± 1.02 (N=59) 5.0 ± 5.0-4.0

Improves the taste 3.95 ± 1.15 (N=58) 4.0 ± 5.0-3.0

Available in different flavours 3.09 ± 1.38 (N=59) 3.0 ± 4.0-2.0

Stimulates saliva secretion 4.41 ± 0.97 (N=59) 5.0 ± 5.0-4.0

Neutralizes harmful bacteria 4.63 ± 0.79 (N=59) 5.0 ± 5.0-4.0

Optimizes the mouth flora 4.60 ± 0.77 (N=58) 5.0 ± 5.0-4.0

Contains natural saliva enzymes 4.17 ± 1.09 (N=58) 5.0 ± 3.8-5.0

Gives a balanced pH 4.29 ± 0.86 (N=58) 4.5 ± 5.0-4.0

Is practical and handy in use 4.46 ± 0.95 (N=57) 5.0 ± 5.0-4.0

Can be used with little effort 4.40 ± 0.90 (N=58) 5.0 ± 5.0-4.0

Can be used unnoticed 2.98 ± 1.54 (N=59) 3.0 ± 4.0-2.0

9
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As for the consistency of salivary substitutes, most of the respondents 
preferred thin-watery consistency (52.5%) followed by gel-like consistency 
(33.9%). Only 8.5% of respondents preferred a thick-liquid consistency. Age or 
XI-groups did not influence the preference of the consistency.

In Table 2, the objections of the respondents against the presence of 
certain ingredients are reported. The respondents mainly objected against 
the presence of “artificial sweeteners”, “alcohol”, “foaming agents”, and 
“preservatives”. They objected less against the presence of “vegetable-based 
ingredients”, “natural enzymes”, and “fluoride”. The two XI-groups only showed 
a significant difference with regard to the objections against vegetable-
based ingredients (Mann–Whitney U test p < 0.05). Respondents with relatively 
low xerostomia (mean = 1.31 ± 0.89, median = 1.0 ± 1.0–1.0, N = 29) had less 
objections against the presence of vegetable-based ingredients than the 
respondent with more severe xerostomia (mean = 1.86 ± 1.27, median = 1.0 ± 
1.0–3.0, N = 28).

Table 2: Sjögren’s syndrome patients objections against certain ingredients in saliva substitutes, 
using a 5-point Likert scale (from 1 = “No objection’’ to 5 = “Insurmountable objections’’). Data are 
expressed as mean score with standard deviation (SD.) and as median scores with the corresponding 
interquartile range (IQR). N indicates the number of participants in each group.

Potential ingredients Total mean ± SD. (N) Total median ± IQR

Alcohol 3.39 ± 1.46 (N=57) 3.0 ± 5.0-2.0

Preservatives 3.14 ± 1.38 (N=57) 3.0 ± 5.4-2.0

Fluoride 3.03 ± 1.47 (N=57) 1.0 ± 3.0-1.0

Urea 2.82 ± 1.17 (N=57) 3.0 ± 3.0-2.0

Foaming agents 3.30 ± 1.35 (N=57) 3.0 ± 2.5-4.0

Artificial sweeteners 3.40 ± 1.52 (N=57) 4.0 ± 5.0-2.0

Gluten 2.67 ± 1.57 (N=57) 3.0 ± 4.0-1.0

Natural enzymes 1.72 ± 1.22 (N=57) 1.0 ± 5.2-1.0

Vegetable-based ingredients 1.58 ± 1.12 (N=57) 1.0 ± 2.0-1.0

Ingredients from chicken eggs 2.32 ± 1.38 (N=57) 2.0 ± 3.0-1.0

Ingredients from cattle 2.58 ± 1.40 (N=57) 3.0 ± 5.3-1.0

Ingredients from pigs 3.04 ± 1.49 (N=57) 3.0 ± 1.5-4.5

Ingredients from fish 2.82 ± 1.42 (N=56) 3.0 ± 4.0-1.0
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The opinion of the respondents regarding the desired flavours of salivary 
substitutes is reported in Table 3. Highly preferred flavours were a “neutral 
flavour”, “no flavour”, and “menthol/spearmint flavour”, whereas the flavours 
“cola”, “liquorice”, and “strawberry” were the least popular. There was a 
significant difference between the two age groups with regard to preferences 
of flavours (Mann–Whitney U test p < 0.05); the younger respondents preferred 
“menthol/ spearmint” flavour more than the older age group. The two groups 
with different levels of xerostomia also showed significant differences (Mann–
Whitney U test p < 0.05). The respondents with relatively low xerostomia (XI 
score ≤ 46) preferred the use of flavour “blueberry” more than the respondents 
with more severe xerostomia (XI score ≥ 47). On the other hand, respondents in 
the XI ≥ 47 group preferred the use of “neutral flavours” in salivary substitutes 
significantly more than respondents with a relatively low xerostomia.

Table 4 depicts the opinion of respondents regarding potential side-effects 
of the use of saliva substitutes. Major objections were against saliva substitutes 
“causing discoloration of the teeth” and ones “having a bitter taste”. The least 
objections were about using saliva substitutes multiple times a day. The two 
age groups only differed significantly with regard to “causing discoloration 
of the teeth” (Mann–Whitney U test p < 0.05), whereby the younger age group 
(mean = 4.74 ± 0.89, median = 5.0 ± 5.0–5.0, N = 31) had more objections than 
the older age group (mean = 4.25 ± 1.40, median = 5.0 ± 4.0–5.0, N = 28).
Finally, Table 5 presents the preferred method of administration. The 
respondents preferred a mouth spray followed by a mouth gel or an oral 
rinse. A minority of the respondents preferred a tablet. These preferences did 
not differ significantly for the two age groups and the two XI-groups (Mann–
Whitney U test p > 0.05).

Table 4: Sjögren’s syndrome patients’ opinion regarding potential side effects of saliva substitutes, 
using a 5-point Likert scale (1 = “Not unpleasant’’ to 5 = “Very unpleasant’’). Data are expressed as as 
mean score with standard deviation (SD.) and as median scores with the corresponding interquartile 
range (IQR). N indicates the number of participants in each group.

Potential negative effects side effects Total mean ± SD. (N) Total median ± IQR

Causing discoloration of the teeth 4.59 ± 1.03 (N=58) 5.0 ± 5.0-5.0

Causing discoloration of the oral mucosa 4.14 ± 1.12 (N=58) 5.0 ± 3.0-5.0

Having a bitter taste 4.47 ± 0.90 (N=58) 5.0 ± 4.0-5.0

Having an aftertaste 4.22 ± 0.94 (N=58) 4.5 ± 4.0-5.0

Using the product multiple times a day 2.45 ± 1.33 (N=58) 3.0 ± 1.0-3.0
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Table 5: Sjögren’s syndrome patients’ opinion regarding the preferred method of administration. 
Data are presented as percentages. 

Method of administration Percentage

Mouth spray 45.5

Mouth gel 23.6

Oral rinse 23.6

Tablet 7.3

DISCUSSION

The present study was designed to explore criteria for new saliva substitutes 
according to the preferences of Sjögren’s syndrome patients. The most ideal 
saliva substitute has thin-watery consistency in spray form, with a neutral 
flavour and providing a prolonged alleviation of dry mouth. Besides, it 
preferably should not contain artificial sweeteners or alcohol, and should not 
have a bitter taste and not cause discoloration of the teeth.

Most of the respondents of the present study were female (98%) with 
average age of 55.7 ± 12.0 years and with severe dry-mouth complaints, as 
indicated by the high average XI score (47.0 ± 43.0–51.0). This overrepresentation 
is in line with the female to male ratio of Sjögren’s syndrome, which ranged 
between 20:1 and 9:1 [17]. The average age and the severity of oral dryness in the 
current study are also comparable with other studies that included Sjögren’s 
syndrome patients with dry-mouth complaints [7, 18]. The average age in these 
previous studies varied between 61.7 ± 14.0 and 64 ± 10 years. As for the severity 
of xerostomia, the mean XI scores in these previous studies were between 
44.0 ± 37.0–49.8 and 45.0 ± 38.0–48.5 [7, 18]. In summary, this suggests that 
the respondents in the current study form a good representation of Sjögren’s 
syndrome patients in the Dutch population.

Several systematic reviews have reported that the effectiveness of currently 
available saliva substitutes for the relief of dry mouth seems to be limited [4, 
6, 19]. For this reason, in the present study the Sjögren’s syndrome patients 
indicated that prolonged alleviation of dry mouth is the most essential function 
of saliva substitutes. Unfortunately, most of the available saliva substitutes now 
provide only a temporary relief [9]; as the lubrication time of a typical saliva 
substitute, such as Dentaid Xeros, is around 0.5 min [9]. However, recently a 
promising new supercharged polypeptide-based salivary lubrication enhancer 
has been reported which could prolong the lubrication time up to 21 ± 7.3 min 
[9].

9
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When developing a new saliva substitute, it is also important to try to mimic 
the complex biological properties of natural saliva, including neutralizing 
harmful bacteria and optimizing the mouth flora. Many Sjögren’s syndrome 
patients with a reduced salivary flow have alterations in the composition of 
the oral bacterial plaque despite good oral hygiene measures [20, 21], which 
causes an increased risk of caries and candidiasis [20, 21]. Moreover, the 
salivary pH, bicarbonate concentration, and buffer capacity were significantly 
lower in the Sjögren’s syndrome patients than healthy controls [21]. Besides an 
increased caries risk, these patients have also a higher risk of tooth erosion, 
as they experience a greater decline in salivary pH after exposure to acidic 
challenges. These factors might explain the urge of Sjögren’s syndrome patients 
for a salivary substitute that “neutralizes harmful bacteria” and “optimizes the 
mouth flora”.

Saliva plays a major role in taste perception, as the hypotonicity of 
unstimulated saliva allows the taste buds to perceive different tastes without 
being masked by normal plasma sodium levels [22]. Moreover, saliva is very 
important for the solubilization of flavours in saliva, for the chemical interaction 
between flavours and salivary ingredients, and for the dilution and/or the 
diffusion of flavours in saliva [23]. Based on these factors, it is conceivable 
that taste sensitivity is easily affected by changes in saliva [23], especially in 
Sjögren’s syndrome patients with a low unstimulated salivary flow rate [24–30] 
and altered rheological properties of saliva [31]. This altered taste sensitivity 
may explain why these patients had objections against the presence of 
“artificial sweeteners” and “alcohol” and why they preferred a “neutral flavour” 
or “no flavour” at all. Previous studies showed that an unpleasant taste is a 
major reason for Sjögren’s syndrome patients to discontinue the use of 
saliva substitutes [12]. Sjögren’s syndrome patients having sicca syndrome 
are recommended to avoid alcohol [32], which may explain why patients 
prefer saliva substitutes without alcohol. Given these reasons, it is important 
to develop new saliva substitutes with a “neutral flavour” without “artificial 
sweeteners” nor “alcohol”. In contrast to our expectation described in the 
“Introduction”, the presence of specific animal-based ingredients seems of 
very limited importance, compared to other ingredients such as “artificial 
sweeteners” or “alcohol”.

Sjögren’s syndrome patients reported major objections against 
discoloration of the teeth or the oral mucosa as potential side-effects of the 
use of saliva substitutes. Discoloration was not mentioned in a study reporting 
side-effects of some saliva substitutes [33]. Possibly, these objections against 
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discoloration might be related that white teeth are important for people in 
general, as demonstrated by others [34].

In the current study, the flavours of the available saliva substitutes such 
as “apple”, “lemon”, and “strawberry” were the least preferred, although a 
previous study has showed that a malic acid (“apple acid”) containing spray 
significantly stimulated salivary flow rate in patients using antihypertensive 
medication and improved their xerostomia [35]. However, this positive effect on 
oral dryness will be less or completely absent in Sjögren’s syndrome patients 
with an advanced disease process.

As mentioned in the Introduction, the severity of the dry-mouth feeling, as 
measured with XI, may influence the preference of desired flavours. Patients 
with low xerostomia preferred the use of the flavour “blueberry” more than the 
respondents with more severe xerostomia. On the other hand, respondents’ 
severe xerostomia preferred the use of “neutral flavours” in salivary substitutes 
more. This confirms the hypothesis that severity of oral dryness may play a 
major role in the preferred saliva substitute flavours.

A possible limitation of the current study is that the reported preferences 
for saliva substitutes are only based on the opinion of Sjögren’s syndrome 
patients. However, saliva substitutes are also used by patients suffering from 
oral dryness due to other conditions, including patients using xerogenic 
medications or polypharmacy, and patients irradiated in the head and neck 
region [2, 36–38]. Further research should investigate whether the preferences 
of these other dry-mouth patients are similar to those of Sjögren’s syndrome 
patients.

Another possible limitation of the current study is that the Sjögren’s 
syndrome patients, who filled in this questionnaire, may be more interested 
in oral health than other Sjögren’s syndrome patients, or suffer from more 
severe xerostomia. This may have resulted in an above-average oral dryness 
which may have affected the preferences of new saliva substitutes. Besides, it 
is unknown which diagnosis criteria have been used by the patients’ physician 
to establish the diagnosis of Sjögren’s syndrome, and whether they suffered 
from primary or secondary Sjögren’s disease.

Finally, another limitation is that the actual number of participants in the 
current study is lower than the number calculated a priori. This indicates that 
the power of the current study is relatively low, and so all results in which no 
significant differences were found between the two age or XI-groups should 
be interpreted with caution.

9
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MAIN CONCLUSION

The current study has identified preferences criteria of Sjögren’s syndrome 
patients for various product characteristics for new saliva substitutes. The 
most ideal saliva, according to Sjögren’s syndrome patients, has thin-watery 
consistency in spray form with a neutral flavour and providing long alleviation 
of dry mouth complaints. Besides, it should not contain artificial sweeteners or 
alcohol, and should not have a bitter taste or cause discoloration of the teeth.
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GENERAL DISCUSSION

Various aetiologies cause dry mouth. Therefore, its diagnosis is complex. 
Despite the availability of a broad spectrum of both objective as well as 
subjective diagnostic tools, their total effectiveness seems insufficient and 
limited in discriminating between the various causes of dry mouth. In addition, 
the factors that affect the choice of dry-mouth interventions by patients are not 
fully understood. Altogether, this makes a proper diagnosis, and subsequent 
therapeutic advice very challenging.

The research presented in this thesis aimed to improve the assessment of 
dry mouth by introducing a new method for measuring the perceived dryness 
at various intra-oral locations. As the palatal surface plays an important role 
in the perception of dry mouth, the effect of the palatal surface area on the 
salivary distribution was investigated in particular. Also, the use of dry-mouth 
interventions amongst various dry-mouth patients was investigated to better 
understand which factors affect the choice and use of these interventions.

In brief, this thesis concluded that the newly developed questionnaire, the 
Regional Oral Dryness Inventory (RODI), can quantify the severity of perceived 
dryness at various locations in the mouth. Next, by using the RODI we were 
able to identify differences in patterns of perceived intra-oral dryness among 
different patient groups. For example, Sjögren’s Syndrome (SS) patients 
experienced the posterior palate as most dry, while patients suffering from 
dry mouth due to medication experienced the anterior tongue as most dry. 
As for the intra-oral surface area, quantifying this surface area was possible 
with both cone-beam computed tomography (CBCT) as well as using an intra-
oral scanner in combination with digital analysis. There was no association 
found between the palatal surface size and the salivary film thickness covering 
the palate. Another interesting finding was that the use of various dry-mouth 
interventions was associated with the perceived overall oral dryness or with 
specific pattens of intra-oral mouth dryness, indicating that severity and 
location of mouth dryness seem to affect the choice of dry-mouth intervention.

Developments in dry-mouth screening
The Xerostomia Inventory (XI) is an internationally validated questionnaire, 
used to measure the severity of mouth dryness in general, but it is not well 
suited to discriminate between various dry-mouth patients. However, with the 
help of the RODI, it is now possible to differentiate in the perceived dryness 
at various intra-oral locations and find patient-specific patterns as well. For 
example, SS patients experienced the posterior palate as most dry and had 
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higher RODI scores (severe dryness) for all intra-oral locations (Chapter 3). In 
comparison, medication induced dry-mouth patients experienced the anterior 
tongue as most dry and had lower RODI scores (less severe dryness) for all 
intra-oral locations (Chapter 3). These results can help dental clinicians to 
screen patients, especially those with high susceptibility for a dry mouth.

Alternatively, the combination of the RODI and the XI can also help to create 
a better overview of the dry-mouth complaints of individual patients and it 
provides deeper insight about the location where these complaints occur. In 
addition, it is tempting to assume that the RODI can provide a suggestion about 
the possible aetiology of dry mouth, however this needs to be established and 
validated in future studies.

The RODI may also be a helpful tool for general practitioners (GPs) to screen 
patients in order to get a better understanding where dry-mouth problems 
manifest in the mouth. Namely, a substantial number of patients will consult 
their GP instead of the dentist when having problems with their mouth [1]. So, 
informing GPs about dry mouth can significantly contribute to broaden the 
scope of dry mouth, and related, remedies.

In the previous mentioned research (Chapter 3) we explored the effect of 
the number of medications used by dry-mouth patients on intra-oral dryness. 
However, the roles of specific types of medication on intra-oral dryness was not 
addressed in this thesis. As medications differ in their xerogenic potential, this 
effect of specific types of medication needs to be addressed in future studies.

The RODI scores of particular intra-oral locations had a strong association 
with the total XI scores in dry-mouth patients (Chapter 3). For the floor of the 
mouth and for the anterior and posterior tongue especially, these correlations 
were strong (Chapter 3). These correlations indicate that patients which 
experience a very dry mouth in general (as indicated by high XI scores) will 
also experience more severe oral dryness at these three intra-oral locations 
(high RODI scores at these locations). These results indicate that the floor of 
the mouth and the anterior and posterior tongue play important roles in the 
perception of dry mouth. So, these findings emphasize the need to measure 
perceived intra-oral dryness with the RODI questionnaire. It can be useful in 
regular dental clinics to screen (new) dental patients for high susceptibility 
to oral dryness. Completing the RODI questionnaire is brief and easy, and it 
can be done in the dental waiting room or at home. If high RODI scores are 
obtained for specific regions (score ≥ 3), further dry-mouth diagnostics may be 
implemented. In some cases, when the patient has more complex dry-mouth 
problems, the dentist can even decide to refer a patient to a specialized saliva 
clinic.

10
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For a valid diagnosis of oral dryness, a combination of several objective 
and subjective diagnostic tools is warranted. However, in regular dental 
clinics, individual tools like the XI, Clinical Oral Dryness Score and RODI are 
currently rarely used, which may lead to a delay in diagnosis and incomplete or 
ineffective care. For this reason, most of the patients with dry-mouth problems 
are nowadays referred to specialized saliva clinics for diagnosis and further 
help. These saliva clinics are therefore overloaded with huge numbers of 
referred dry-mouth patients. In this light, and because of the high prevalence 
of xerostomia and hyposalivation, we envisage that there is a need for rapid 
and easy to use dry-mouth diagnostics for general dental clinics.

A digital tool that combines current and new dry-mouth methods would 
likely make knowledge, specialty care and improved dry-mouth diagnostics 
within reach for a broader public. For this reason, we envisage a digital dry-
mouth screening tool and/or diagnostic tool that consists of two parts. A first 
part should consist of a general part which registers relevant aspects of general 
health including health status, age, and sex, combined with questionnaires 
about dry mouth, stress, and psychological status. This part could be filled 
in by the patient, possibly at home. The second part should cover a clinical 
part that consists of extra-oral and intra-oral examination and/or saliva 
measurements which should be performed by an oral health professional. After 
both parts are filled in, all the information could be combined and presented 
in a schematic overview indicating the risk for dry mouth and the need of 
patients to be referred to a specialized saliva clinic (Figure 1 for a potential 
representation of the results). In this overview, suggestions about the possible 
dry-mouth interventions could also be processed. This tool would provide a 
clear overview of all available information and it prevents that information 
is missing that could influence the diagnosis or therapy. It would enable the 
clinician to present the collected information in a comprehensive way to the 
patient. When such a tool is implemented in general dental practice, a large 
number of patients could then be helped directly by their own dentist, without 
the necessity of referral to a specialised dry-mouth clinic.
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Figure 1: Suggestion of a visual presentation of dry mouth risk factors in two different patients using 
a digital tool. 

Figure 2: Global population by various age groups, 1990-2050 (percentage) [6]. 10

Binnenwerk_Zainab-Assy_v4.indd   209Binnenwerk_Zainab-Assy_v4.indd   209 05/02/2023   18:4405/02/2023   18:44



210

Chapter 10

In the event of broad use of such a tool for dry-mouth screening and/or 
diagnosis, an important prerequisite is that relevant dental education should 
be provided to dental students about saliva and dry-mouth-related topics. In 
general, the current European dental schools have included the anatomy of the 
salivary glands, the functions of saliva and causes of dry mouth in their dental 
curriculum [2], but the importance of dry-mouth diagnosis and interventions 
are less frequently covered. Almost half of the dental schools spend only 10 
hours or less on saliva-related topics during their entire curriculum [2]. This 
indicates that it is important to extend the saliva-related education in the 
curricula of dental schools and emphasize its importance, for the benefit of 
current and future dry-mouth patients.

The prevalence of xerostomia is currently estimated to be approximately 
20%, with higher prevalence in females (up to 30%) and in older adults (up 
to 50%) [3-5]. However, the number of people suffering from xerostomia will 
probably increase in the upcoming years due to ageing of the worldwide 
population (Figure 2, prognosis of the number of individuals ≥65 years in 
upcoming years) [6]. Therefore, the need for improved diagnostics in regular 
dental clinics, and better dry mouth education, is emerging.

Salivary film and MUC5B
In this thesis, the volume of the salivary film was determined at various intra-
oral locations. At first, for each region of the oral mucosa a standardized filter 
paper (SialoPaper strips) was placed to sample the saliva fluid on the surface of 
interest. After a given period of time, when the saliva was immersed in the filter, 
the volume was be determined using the change in conductance in a Periotron 
[7]. However, more recently, it was shown that Schirmer test strips, traditionally 
used in the diagnosis of xerophthalmia, can be a helpful instrument in intra-oral 
dryness assessment as well [8, 9]. The Schirmer test strip consists of a 35-mm 
long prefabricated absorbent filter paper strip with millimeter scaling. While 
the test strip is collecting fluid, the advancing fluid front is visualized by the 
blue coloration of the indicator due to the pH of saliva, and can be read from 
the millimeter scale [9]. This will enable easy measurement of saliva volumes 
at various intra-oral locations without the need of a Periotron device. Schirmer 
test strips can also easily be used in saliva clinics, because no specialized 
equipment is needed.

In this thesis, the levels of MUC5B were measured at various intra-oral regions 
in healthy volunteers (Chapter 6). The salivary glycoprotein MUC5B plays a 
versatile role in maintaining oral health. It contributes to lubrication, pellicle 
formation, antimicrobial defense, and water retention, and its glycans are an 
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important nutrient for oral bacteria [10]. A recent systematic review reported 
that the MUC5B level in whole saliva is only significantly lower in patients who 
have been irradiated in the head and neck area [10]. In medication-induced 
dry-mouth patients and in SS patients, the MUC5B levels are not significantly 
lower, but the MUC5B glycosylation is significantly impaired in these patients 
[10]. Impaired glycosylation could negatively affect water binding, lubrication 
and thus salivary spinnbarkeit. Interestingly, in our studies using healthy 
volunteers, the MUC5B levels showed considerable variation among different 
intra-oral locations, with the anterior tongue having the highest levels (Chapter 
6). Further studies on MUC5B levels at different intra-oral locations in patients 
with different causes of oral dryness, and investigation of the glycosylation 
of MUC5B at these locations, is crucial to increase our understanding about 
mouth dryness.

Dry-mouth interventions
There are multiple interventions to relieve mouth dryness. In this study, we 
investigated the effect of home care dry-mouth interventions on the perceived 
oral dryness and/or salivary secretion.

It was concluded that perceived dryness and intra-oral dryness in 
particular were associated with the use of specific dry-mouth interventions 
(Chapters 7 and 8). In medication-induced dry-mouth patients, locally applied 
interventions, for example “using a mouth gel”, were associated with dryness 
of the anterior tongue in particular (Chapter 7). In SS patients “drinking water’’, 
“rinsing of the mouth”, and “drinking small volumes” were associated with the 
RODI scores of the posterior palate, and the anterior and posterior tongue, 
respectively. Also, the “use of a mouth gel’’ was associated with the RODI 
scores of the inside cheeks (Chapter 8). These findings can be used to give a 
more tailored therapeutic advice for dry-mouth patients. For example, based 
on the obtained findings, clinicians should suggest use of a mouth gel if the 
anterior tongue is experienced as (severe) dry in medication induced dry-
mouth patients. For SS patients by contrast, the use of a mouth gel is based on 
dryness of the inside cheeks. These interesting findings underline that it is also 
very important to further investigate the efficacy of the available dry-mouth 
interventions, and their frequency of use. The perceived effectiveness of the 
dry-mouth interventions should also be evaluated; for example, by asking the 
patients to rate their effectiveness on a Likert scale. As the effectiveness of 
dry-mouth interventions might depend on the degree to which the salivary 
glands are still sensitive to stimulation, data on stimulated salivary secretion 
of the patients should also be collected [11].

10
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Another important aspect of dry-mouth interventions is the frequent 
discontinuation of the use of saliva substitutes by patients after a short period 
of time, mainly due to an unpleasant taste and sticky consistency. This problem 
is very essential and impactful in SS patients [12, 13]. In this light, investigating 
the preferences of dry-mouth patients before developing saliva substitutes 
is crucial and this information could improve the quality and efficacy of 
dry-mouth inventions. The present thesis only describes the preferences of 
SS patients (Chapter 9). Further investigating the preferences of other dry-
mouth patient groups is also important. Especially so far the preferences of 
patients suffering from oral dryness due to the use of xerogenic medications or 
polypharmacy, as they comprise by far the largest number of patients suffering 
from a dry mouth.

As mentioned above, the RODI can be helpful in informing the selection 
of appropriate dry-mouth interventions, but it remains essential that future 
studies evaluate the efficacy of upcoming new dry-mouth interventions. 
Investigating the perceived overall mouth dryness before and after the use 
of a new intervention is very common in clinical studies. The added value of 
measuring the intra-oral dryness before, during and after the use of a specific 
dry mouth intervention is that it can provide detailed information about the 
effect on a specific intra-oral region. Current diagnostic tools may fail to detect 
a local improvement in oral dryness, as they focus on the overall mouth dryness. 
However, some interventions may not have a huge impact on the overall mouth 
dryness, but could possibly improve dryness at specific intra-oral locations, 
such as the palate or the tongue. Thus, the RODI questionnaire can have added 
value in evaluating the efficacy of new dry-mouth interventions in combination 
with measuring the overall dry mouth and objective measurement of the saliva 
secretion rate. It is also important to note that suggested new interventions 
may lack any beneficial effect on dry mouth in well-designed studies, but, even 
then, it remains important that clinicians and patients are informed about the 
findings.

Summarizing future plans and perspectives
This thesis presented that the RODI questionnaire could be helpful in various 
aspects of dry-mouth screening and therapy, especially in combination with 
the XI. To broaden its scope, it is envisaged that the RODI questionnaire should 
be validated in other languages.

The RODI could be used to help with the screening of medication induced 
dry-mouth patients; it could be possible to investigate the relationship 
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between specific types of medication and perceived intra-oral dryness in 
specific regions of the mouth. Potentially, this could help dentists and general 
practitioners to considered whether it is possible to substitute a medication 
by a similar one with fewer oral side-effects.

Not only should the perceived intra-oral dryness be studied in more detail, 
but it is also very important to investigate the salivary film and MUC5B levels 
in dry-mouth patients. In particular, the possible relationship between the 
perceived intra-oral dryness and the salivary film (thickness) at various intra-
oral locations should be explored thoroughly. Such a study would improve our 
understanding of the distribution of saliva in the oral cavity and dry-mouth 
perception in patients with a dry mouth. An important question that could be 
answered is whether the salivary film (thickness), MUC5B-levels and MUC5B-
glycosilation affect the perceived dryness at specific intra-oral locations.

In this thesis, novel insights about factors affecting the use of dry-mouth 
interventions are presented. However, additional studies are needed; for 
example, to further explore the use of dry-mouth interventions among various 
patient groups. New research could also focus on the efficacy of current 
and new interventions. Besides, the preferences for new saliva substitutes 
by medication induced dry-mouth patients should be explored further. This 
information might contribute to more effective treatment of dry-mouth patients 
in the future. Preferably, all knowledge about dry-mouth and diagnostic 
tools will become digitally available for clinicians. A digital application could 
systematically combine information from all applied diagnostic tools, and 
advice about treatment options based on the information provided. This will 
simplify dry-mouth diagnosis and could result in more effective dry-mouth 
interventions. 10
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SUMMARY

In this thesis, I performed research to improve the the current, available 
diagnostic tools for dry mouth by developing a new method for measuring 
the perceived dryness at specific various intra-oral locations. More specifically, 
we focussed on the role of specific intra-oral surface areas, and the salivary 
distribution over these areas. Furthermore, to understand which factors affect 
the use of dry-mouth interventions, the use of these interventions by various 
dry-mouth patients was investigated.

Chapter 2 described the Regional Oral Dryness Inventory (RODI), a newly 
developed questionnaire which quantifies the severity of dryness at various 
locations in the mouth. It was found that there is a significant difference in 
dry-mouth feeling between different intra-oral locations. The most severe oral 
dryness was perceived at the posterior palate and the least dry location was 
experienced at the floor of the mouth. We envisaged that the RODI might help 
to discriminate among different causes of oral dryness in patients, which is 
explored in Chapter 3. It was concluded that the RODI questionnaire was indeed 
able to identify differences in perceived intra-oral dryness of different patient 
groups. For example, both healthy volunteers as well as Sjögren’s syndrome 
(SS) patients experienced the posterior palate as most dry. In turn, patients 
suffering from dry mouth due to medication experienced the anterior tongue 
as most dry. Besides, it was found that SS patients, including those using ≥4 
medications had the highest RODI scores for all intra-oral regions, in contrast 
to healthy controls and dry-mouth patients using up to 4 medications. These 
findings suggest that the RODI questionnaire might be a useful diagnostic tool 
for dry-mouth diagnostics, because it can help distinguish between possible 
causes of oral dryness in patients.

It was postulated that the dimensions of the intra-oral surface area, especially 
the palatal surface area, affect the distribution of saliva over various mucosal 
surfaces and thereby could influence the dry mouth feeling at various intra-
oral regions. This topic was explored in Chapter 4 where the intra-oral surface 
areas were quantified using cone-beam computed tomography (CBCT) in 
combination with digital analysis. Additionally, the potential correlations 
between intra-oral surface areas and facial anthropomorphic measurements 
were investigated. At one hand, this study presented a reproducible technique 
for the determination of intra-oral surface areas in human cadavers. On 
the other hand, this study found a moderate, but statistically significant, 
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correlation between the palatal surface area and the length of the head. 
Besides, a correlation was found between the surface area of the tongue 
and the depth of the head. In this light, it could be envisaged that individual 
intra-oral surface areas can be estimated by measuring facial features, which 
is more convenient for the patient. Inspired by these findings, in Chapter 5 
the relation between the palatal surface area, measured using an intra-oral 
scanner, and anthropometric measurements was validated in living subjects. 
This study concluded that only in females the mandibular length and palatal 
width correlated with the palatal surface area.
Next, we aimed to determine the salivary film thickness and MUC5B levels 
at various intra-oral locations in healthy volunteers (Chapter 6). MUC5B is a 
large salivary glycoprotein with a wide variety of hydrophilic carbohydrate 
side chains important for moistening, visco-elasticity and lubrication. 
Furthermore, measurements of the palatal surface area were executed to 
explore the potential relationship between the palatal surface area, the palatal 
salivary film thickness and MUC5B levels. It was found that the salivary film 
and MUC5B levels were unequally distributed over the intra-oral surface. The 
anterior tongue had the thickest salivary film and contained the highest levels 
of MUC5B, whereas the anterior palate had the thinnest salivary film with the 
lowest MUC5B levels. There was no association found between the palatal 
surface area and the salivary film thickness of the palate.

Various interventions are available to relieve oral dryness. The factors that 
could affect the choice and use of these interventions were studied in several 
chapters. In Chapter 7 the use of dry-mouth interventions in subgroups of 
patients with different causes of oral dryness was investigated. Additionally, 
the possible relation of the applied interventions with intra-oral dryness and 
salivary flow rate was explored. This study concluded that various dry-mouth 
patients used a wide range of interventions to relieve their oral dryness. The 
use of these dry-mouth interventions was significantly associated with the 
overall dry-mouth feeling (total Xerostomia Inventory score, XI) as well as with 
dry-mouth feeling at different intra-oral locations (RODI scores). In medication 
induced dry-mouth patients, the use of interventions aimed to relieve dryness 
of the entire mouth, such as “drinking water” and “rinsing of the mouth”, were 
significantly associated with the total XI score. However, in medication induced 
dry-mouth patients locally applied interventions, for example “using a mouth 
gel”, were significantly associated with dryness of the anterior tongue in 
particular.
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In Chapter 8 it was found that SS patients used a wide range of interventions 
to relieve their oral dryness. Especially “drinking water’’ was a frequently used 
intervention. “Drinking water’’, “rinsing of the mouth”, and “drinking small 
volumes” had significant associations with the RODI scores of the posterior 
palate, and the anterior and posterior tongue, respectively. The “use of a mouth 
gel’’ had a significant association with the RODI scores of the inside cheeks. 
These findings provide a deeper insight into the association between the use 
of dry-mouth interventions and oral dryness and help clinicians to give a more 
specific and a patient-tailored advice on interventions for the relief of oral 
dryness complaints.

In Chapter 9, the preferences of SS patients regarding various characteristics 
of new saliva substitutes were evaluated, including taste, consistency, and 
objections against certain ingredients. The conclusion was that, according to 
SS patients, the most ideal saliva substitute has a thin-watery consistency in 
a spray form with a neutral flavor and providing long alleviation of dry mouth 
complaints. Additionally, it should not contain artificial sweeteners or alcohol, 
and should not have a bitter taste or cause discoloration of the teeth.
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Dit proefschrift beschrijft onderzoek dat is verricht om de diagnostische 
methoden van droge mond te verbeteren. We hebben ons daarbij specifiek 
gericht op de rol van verschillende oppervlakten in de mond die mogelijk 
gerelateerd zijn aan het gevoel van een droge mond, alsmede de verdeling 
van speeksel over deze oppervlakten. Verder is het gebruik van droge-
mondinterventies (remedies en therapieën) door verschillende patiëntgroepen 
met droge mond klachten onderzocht, om meer inzicht te verkrijgen welke 
factoren de keuze voor interventies beïnvloeden.

In Hoofdstuk 2 beschrijven we een nieuw ontwikkelde vragenlijst, de 
‘Regional Oral Dryness Inventory’ (RODI), die de ernst van monddroogte op 
verschillende plaatsen in de mond in kaart brengt. Er werd gevonden dat er 
een verschil is in het gevoel van een droge mond tussen verschillende locaties. 
In algemene zin werd het achterste deel van het verhemelte als het meest 
droog ervaren. Daarentegen, het minst droge gebied bleek de mondbodem.

Mogelijk kan de RODI helpen om onderscheid te maken tussen verschillende 
oorzaken van monddroogte bij patiënten, hetgeen is onderzocht in Hoofdstuk 
3. Er werd geconcludeerd dat we met de RODI-vragenlijst inderdaad in staat 
waren om verschillen tussen patiëntengroepen vast te stellen. Bij zowel 
gezonde vrijwilligers als patiënten met het syndroom van Sjögren (SS) werd 
het achterste deel van het verhemelte als het meest droog ervaren. Patiënten 
met een droge mond ten gevolge van medicijnengebruik ervaarden op hun 
beurt het voorste deel van de tong als het meest droog. Bovendien bleek 
dat SS-patiënten, inclusief degenen die meer dan 4 verschillende soorten 
geneesmiddelen gebruikten, de hoogste RODI scores hadden voor alle intra-
orale regio’s, in tegenstelling tot gezonde vrijwilligers en patiënten met een 
droge mond die maximaal 3 soorten medicijnen gebruikten. Deze bevindingen 
suggereren dat de RODI-vragenlijst een nuttig diagnostisch hulpmiddel kan 
zijn voor diagnostiek van droge mond, omdat het kan helpen onderscheid te 
maken tussen mogelijke oorzaken van monddroogte bij patiënten en zodoende 
kan helpen voor de keuze van een passende therapie.

Er werd verondersteld dat de afmetingen van het intra-orale oppervlak, in 
het bijzonder van het verhemelte, betrokken zijn bij de verdeling van speeksel 
over de orale mucosa en daardoor het droge mondgevoel in verschillende 
intra-orale gebieden zouden kunnen beïnvloeden. In Hoofdstuk 4 werden de 
intra-orale oppervlakten in menselijke kadavers gekwantificeerd met behulp 
van ‘cone-beam computertomografie’ (CBCT). Daarnaast werden mogelijke 
correlaties onderzocht tussen de aldus gemeten intra-orale oppervlakten en 
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gezichts- en hoofdmetingen. Er werd gevonden dat er een lichte correlatie 
bestaat tussen het oppervlak van het verhemelte en de lengte van het hoofd. 
Daarnaast werd een correlatie gevonden tussen het oppervlak van de tong 
en de diepte van het hoofd. Op basis hiervan werd verondersteld dat het 
mogelijk zou kunnen zijn om bepaalde intra-orale oppervlakten bij individuen 
in te schatten door gelaatsafmetingen te bepalen, wat weinig belastend is 
voor de patiënt. Geïnspireerd door deze bevindingen werd in Hoofdstuk 5 
de relatie tussen het oppervlak van het verhemelte, gemeten met een intra-
orale scanner, en metingen van het gezicht en hoofd onderzocht bij levende 
proefpersonen. Deze studie concludeerde dat alleen bij vrouwen de lengte van 
de onderkaak en breedte van het verhemelte correleerden met het oppervlak 
van het verhemelte. Zodoende lijkt inderdaad dat er een mogelijkheid is om 
door het bepalen van gezichtsafmetingen een (deel) van het mondoppervlak 
te bepalen. De toepassing in de praktijk lijkt echter beperkt.

Vervolgens wilden we de speekselfilmdikte en MUC5B-niveaus bij gezonde 
vrijwilligers bepalen op verschillende intra-orale locaties. MUC5B is een groot 
glycoproteïne in speeksel met een enorme verscheidenheid aan hydrofiele 
koolhydraatzijketens die water binden, het speeksel visco-elastische 
eigenschappen geven en betrokken zijn bij de smering tussen oppervlakten. 
Kortom, MUC5B speelt een sleutelrol in de bevochtiging van de mond. Verder 
werd het oppervlak van het verhemelte gemeten om de mogelijke relatie met 
de lokale speekselfilmdikte en MUC5B-niveaus te onderzoeken (Hoofdstuk 6). 
Er werd gevonden dat de speekselfilm en MUC5B-niveaus ongelijk verdeeld 
waren over het intra-orale oppervlak. Het voorste deel van de tong had de 
dikste speekselfilm en bevatte de hoogste niveaus van MUC5B, terwijl het 
voorste deel van het verhemelte de dunste speekselfilm had met de laagste 
MUC5B-niveaus.

Er zijn verschillende manieren (interventies) om monddroogte te verlichten. 
Factoren die van invloed kunnen zijn op de keuze en het gebruik van deze 
interventies werden bestudeerd. In Hoofdstuk 7 werd het gebruik van droge-
mondinterventies onderzocht bij subgroepen van patiënten met verschillende 
oorzaken van monddroogheid. Daarnaast werd de mogelijke relatie tussen 
toegepaste interventies met intra-orale droogheid en speekselproductie 
onderzocht. Deze studie concludeerde dat patiënten met een droge mond 
een breed scala aan interventies gebruikten om hun droge mond te verlichten. 
Het gebruik van deze droge-mondinterventies was significant geassocieerd 
met de algemene monddroogte (gemeten met de algemene droge mond 
vragenlijst; de Xerostomia Inventory, XI) en het droge-mondgevoel op 
verschillende plaatsen in de mond (gemeten met de RODI). Bij medicatie-

12
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geïnduceerde droge mondklachten bleken interventies toegepast op het 
verlichten van de droogte van de gehele mond, zoals “water drinken” en 
“spoelen van de mond”, significant geassocieerd met de totale XI score. Bij deze 
patiënten waren lokaal toegepaste interventies, zoals bijvoorbeeld “gebruik van 
een mondgel”, daarentegen significant geassocieerd met droogheid van met 
name de voorzijde van de tong. In Hoofdstuk 8 werd geconcludeerd dat SS-
patiënten een breed scala aan interventies gebruikten om hun droge mond te 
verlichten. Met name ‘water drinken’ was een veelgebruikte interventie. ‘Water 
drinken’’, ‘mond spoelen’ en ‘kleine hoeveelheden drinken’ hadden significante 
associaties met respectievelijk de RODI scores van het achterste gehemelte, 
het voorste deel van de tong en het achterste deel van de tong. Het “gebruik 
van een mondgel” had een significante associatie met de RODI scores van de 
binnenkant van de wangen. Deze bevindingen geven een nader inzicht in het 
verband tussen monddroogte en het gebruik van droge-mondinterventies, 
en kunnen clinici helpen om een   meer specifiek, op de individuele patiënt 
toegesneden advies te geven over interventies ter verlichting van monddroogte 
klachten.
In Hoofdstuk 9 werden de voorkeuren van SS-patiënten met betrekking tot 
nieuw te ontwikkelen speekselsubstituten geïnventariseerd, qua smaak, 
consistentie en bezwaren tegen specifieke ingrediënten. Volgens SS-patiënten 
heeft het ideale speekselsubstituut een dun-waterige consistentie in een 
sprayvorm, met een neutrale smaak en geeft langdurig verlichting van 
droge mondklachten. Bovendien mag het geen kunstmatige zoetstoffen of 
alcohol bevatten, geen bittere smaak hebben of verkleuring van de tanden 
veroorzaken.
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