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ABSTRACT

Dry mouth, or oral dryness, is a complex and quite common 
condition, reported with a varying prevalence of 10-80 %, expressed 
as a physiological deficiency with or without perceived dysfunction. 
This condition can severely affect oral health, oral function and 
quality of life.

Salivary dysfunction has mainly been described as being related to 
low salivary flow rate but the correlation between salivary flow rate 
and symptoms has shown to be weak. This suggests that not only 
quantity as a parameter, but also qualitative parameters of saliva, 
are needed to be included as factors of importance in evaluating 
the perception of oral dryness. The protective functions of saliva 
are performed both through and within the bulk liquid phase of 
saliva, but maybe more implicit through saliva components being 
dynamically associated as a thin intermediary film on all surfaces 
exposed in the oral cavity. For instance, examples of qualitative 
protective functions of surface associated saliva would be the film- 
forming capacity and rheological characteristics of saliva. Today there 
is a lack of clinical diagnostic methods that systematically combine 
individual’s perception of saliva and tests of protective functions of 
saliva, which in combination may identify individuals at risk and 
need of directed preventive regimens.

The overall aim of this thesis was to evaluate scientifically reported 
diagnostic methods in use to identify oral dryness and to explore 
methods for clinical monitoring of protective functional characteristics 
of salivary films.
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This thesis is based on four studies:
Study I is a systematic review of the scientific literature and an 
evaluation of the quality of the evidence for diagnostic methods used 
to identify oral dryness. The literature included publications during 
the time period January 1966 to February 2011.

Results and conclusions: The database searches resulted in 224 titles 
and abstracts. A total of 18 original studies were judged relevant and 
interpreted for this review. When evaluating the included studies with 
a quality assessment tool for diagnostic accuracy, many of the studies 
exhibited shortcomings. The most common shortcomings were that 
the patient selection criteria were not clearly described and the test 
or reference methods were not described in sufficient detail. Seven of 
the included studies presented their results as a percentage of correct 
diagnoses. The evidence for the efficacy of clinical methods to assess 
oral dryness is sparse and improved standards for the reporting of 
diagnostic accuracy are needed in order to assure the methodological 
quality of studies. Furthermore, a global consensus regarding the 
terminology of oral dryness is needed in order to facilitate diagnostic 
procedures, choice of treatment and research design. 

Study II surveyed the occurrence of subjective and objective oral 
dryness in two populations, one randomly selected group and one 
dental care-seeking group. The relationship between subjective 
and objective oral dryness to clinical parameters was analyzed and 
individuals were designated into one of four groups depending on 
the occurrence of subjectively described and /or clinically measured 
oral dryness.

Results and conclusions: No association between subjective oral 
dryness and flow rates of unstimulated and stimulated saliva was 
found in either of the two populations studied. Individuals identified 
with objective oral dryness presented to a greater extent a history 
of oral rehabilitation compared to individuals who showed no 
indications of oral dryness.
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In Study III the viscoelastic properties of human whole saliva were 
characterized using two instruments, the ARES-G2 rheometer and 
the Bohlin Oscillating Cup Rheometer (BOCR). This study explored 
the utility of the Bohlin Oscillating Cup Rheometer in the clinical 
setting. Unstimulated whole saliva from 11 healthy volunteers was 
used in evaluation of the two methods. 

Results and conclusions: Each method clearly measures the visco-
elastic properties of human whole saliva. The BOCR can distinguish 
between saliva samples with high and low degree of viscoelasticity 
in small test volumes, and is therefore suitable in the clinical setting.

In Study IV different techniques were used to characterize rheological 
and film-forming properties of human whole saliva in individuals that 
had been designated into one of the following groups in Study II: (1) 
no subjective or objective oral dryness, (2) objective oral dryness, (3) 
subjective oral dryness, and (4) subjective and objective oral dryness.

Results and conclusions: Individuals with subjective oral dryness 
exhibited lower values for saliva viscosity and elasticity, when 
compared to the other groups. Additionally, the amount of saliva 
associated to a germanium prism was the lowest measured in this 
group, even if the total protein concentration was not extremely low. 
These test results in combination with a moderate decrease in surface 
tension after 600 s may be indicative of a lower film forming capacity 
of saliva from individuals expressing subjective oral dryness. 
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POPULÄRVETENSKAPLIG 
SAMMANFATTNING

Muntorrhet är ett komplext och relativt vanligt förekommande 
tillstånd, som kan ha negativ inverkan på orala funktioner och 
livskvalitet. Den rapporterade prevalensen varierar från 10 % upp 
till 80 %, beroende på vilken population som studerats.

Generellt har muntorrhet förknippats med nedsatt salivsekretion 
men ett antal kliniska studier har rapporterat en svag till obefintlig 
korrelation mellan den uppmätta salivmängden och individens egna 
subjektiva upplevelse. Detta tyder på att inte endast kvantitativa 
parametrar utan även kvalitativa parametrar, såsom salivens 
smörjande och vätande funktion, är av betydelse för den subjektiva 
upplevelsen. 

Saliven utövar sina skyddande funktioner i bulk och som en tunn 
film på alla oralt exponerade ytor, vilket skulle kunna innebära 
att salivens filmbildningskapacitet och reologiska egenskaper är 
uttryck för kvalitativa salivskyddsfunktioner. Idag saknas kliniska 
diagnostiska metoder som systematiskt kombinerar individens 
upplevelse med tester som utvärderar salivens skyddande funktioner, 
vilka skulle kunna identifiera individer i riskzonen och i behov av 
preventiva interventioner.

Det övergripande målet med denna avhandling var att utvärdera 
de metoder som används idag för att diagnosticera muntorrhet samt 
att utforska nya kliniska metoder för att beskriva salivens kvalitet.  
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Avhandlingen är baserad på följande studier:
Delarbete I är en systematisk litteraturöversikt med avseende att 
utvärdera vilka vetenskapliga bevis som finns för de metoder som 
används för att diagnosticera muntorrhet. Litteraturöversikten 
omfattade artiklar publicerade mellan januari 1966 och februari 
2011.

Resultat och konklusioner: Databassökningen resulterade i 224 
potentiellt relevanta studier. Totalt 18 studier uppfyllde inklusions-
kriterierna och granskades. De inkluderade studierna utvärderades 
med en mall för kvalitetsgranskning av diagnostiska studier. Ett stort 
antal studier uppvisade en bristfällig rapportering gällande urval av 
patienter samt beskrivning av index- och referenstest.

I litteraturen förekommer olika definitioner på tillståndet 
muntorrhet. Konsensus gällande terminologin är en förutsättning 
för att kunna diagnosticera och behandla muntorrhet, men även 
för att kunna värdera evidensen för de metoder som rapporteras i 
litteraturen. Framtida studier bör följa de rekommendationer som 
finns för hur studier om diagnostisk tillförlitlighet skall utformas, 
genomföras och rapporteras.  
 
I delarbete II studerades förekomsten av upplevd muntorrhet 
först genom enkätsvar från a) 200 slumpmässigt utvalda personer 
i Malmö b) 200 tandvårdssökande personer till avdelningen för 
Oral Diagnostik, Tandvårdshögskolan, Malmö. Samtliga personer 
i båda grupperna fick förfrågan att delta i en efterföljande klinisk 
undersökning som syftade till att undersöka oralt status samt att 
mäta mängden producerad saliv (sialometri). Deltagarna delades 
därefter in i grupper utifrån förekomst av subjektiva besvär och/
eller nedsatt salivsekretionshastighet.

Resultat och konklusioner: Inget samband mellan den uppmätta 
salivmängden och individens egna subjektiva upplevelse kunde ses. 
Personer med uppmätt nedsatt salivsekretionshastighet uppvisade i 
större grad rekonstruktioner i form av kronor, broar och proteser 
jämfört med personer utan upplevd muntorrhet och/eller nedsatt 
salivsekretionshastighet.
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I delarbete III karakteriserades salivens viskoelastiska egenskaper 
med hjälp av två mätinstrument, en ARES-G2 reometer och en 
BOCR reometer. ARES-G2 reometern är ett validerat instrument 
som används i forskningssyfte, men som med tanke på sin storlek 
inte är anpassad för att användas kliniskt. Syftet med arbetet var att 
undersöka om BOCR reometern, som däremot är utformad så att 
den skulle kunna användas kliniskt, kan användas för att urskilja 
salivprov med låg respektive hög viskoelasticitet.

Ostimulerad helsaliv från 11 friska, frivilliga deltagare, användes 
för utvärdering av mätinstrumenten.

Resultat och konklusioner: Båda instrumenten mäter viskoelastiska 
egenskaper i saliv. Resultaten visar att BOCR reometern kan urskilja 
salivprover med låg respektive hög viskoelasticitet.    

Syftet med delarbete IV var att med olika tekniker karakterisera 
salivens viskoelastiska egenskaper och filmbildningsförmåga hos 
individer som grupperades i delarbete II, med upplevd muntorrhet 
och/eller uppmätt nedsatt salivsekretionshastighet. 

Resultat och konklusioner: 18 individer inkluderades i studien. 
Individer med subjektiv muntorrhet uppvisade lägre värden för 
viskositet och elasticitet i saliven jämfört med övriga grupper. 
Mängden protein som associerat till germaniumytor var också lägre 
i denna grupp. Detta, i kombination med en moderat mängd protein 
i saliv och en moderat sänkning av ytspänning efter 600 s, skulle 
kunna tyda på en sämre filmbildningsförmåga i saliven hos individer 
med subjektiv muntorrhet.
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INTRODUCTION 

The protective functions of saliva are not completely appreciated until 
the quantity and/or quality of the secretions are affected. Without 
adequate saliva, functions such as speech, taste, mastication and 
swallowing can no longer be performed effortlessly. In time, severe 
impairment of oral health will appear, e.g. rapidly progressing caries, 
mucous membrane alterations, and dramatic wear of the dentition. 
Eventually, the quality of life will be affected as well.

Extensive research has been performed regarding the use of 
biomarkers in saliva for the diagnosis of oral and systemic diseases. 
One major reason for this is that saliva is easily accessed and can 
be collected with non-invasive methods, as compared to blood 
(Malamud and Rodriguez-Chavez 2011). Even though methods 
for saliva collection (Navazesh 1993) and factors affecting salivary 
composition and flow rate (Dawes 2004) have been described, there 
is no consistency in the literature regarding how and when saliva 
should be collected. To describe the protective functions that saliva 
exerts in the complex oral environment, and to detect dysfunction, 
there is a need to develop functional tests that can monitor dynamic 
changes occurring in the oral cavity. A consensus regarding methods 
to systematically register salivary data is needed in order to establish 
criteria for identifying individuals with disturbed salivary function. 
Early detection or risk assessment of dysfunction and/or disease could 
imply avoidance of comprehensive and expensive treatments through 
preventive measures. 
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Saliva
Saliva is a complex fluid composed of a wide variety of organic 
and inorganic constituents that influence its biochemical and 
physiochemical properties, and thereby contribute to the numerous 
functions of saliva. Besides its pre-metabolic function, saliva has 
an important function in protecting oral soft tissues, teeth, and 
restorations from wear, demineralization, dehydration and influence 
of external chemicals. 

Salivary glands
Saliva is derived predominantly from three pairs of major salivary 
glands: the parotid glands, the submandibular glands and the 
sublingual glands. The bilateral parotid glands are located anterior 
to the external auditory meatus, and saliva is secreted into the oral 
cavity via Stensen’s duct, located in the buccal mucosa opposite the 
second maxillary molar. The submandibular and sublingual glands 
are located beneath the tongue, where the sublingual glands are 
positioned anterior to the submandibular glands. Saliva from these 
glands enters the oral cavity mostly through the submandibular duct, 
called Wharton’s duct. This duct ends on the sublingual caruncula 
behind the mandibular incisors on the floor of the mouth. In addition, 
secretion from the sublingual glands occur through several small 
ducts along the sublingual fold into the floor of the mouth. The major 
glands account for about 90% of total fluid secretion. (Nanci and 
Ten Cate 2008). Another 7-8% of the saliva secretion is produced 
by the minor salivary glands, also called mucosal glands, located 
in the labial, buccal, palatal, and lingual regions of the oral cavity. 
(Nanci and Ten Cate 2008; Dawes and Wood 1973). Whole saliva, 
or oral fluid, is a mixture of glandular secretions along with gingival 
crevicular fluid, cellular and bacterial components and food debris.

Salivary gland regulation
The secretory elements of the salivary glands are innervated by the 
autonomic nervous system. The parasympathetic nerve fibers of the 
seventh (facial) and ninth (glossopharyngeal) cranial nerves innervate 
both major and minor glands. The innervation of sympathetic nerve 
fibers varies and the parenchyme of the minor glands has little or no 
sympathetic innervation. Sympathetic nerve fibers from the second 
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thoracic segment of the spinal cord innervate the major glands. 
Sympathetic nerves dominate the innervation of the blood vessels 
of the salivary glands (Ekström 2000; Proctor and Carpenter 2007). 

Salivary secretion is mainly driven by nervous activity. In response 
to stimulation of various receptors, such as mechanoreceptors, 
gustatory receptors, olfactory receptors, and nociceptors, the 
glands are activated. Both divisions of the autonomic system, the 
parasympathetic and the sympathetic, act synergistically to cause 
secretion. When a neurotransmitter, e.g. acetylcholine is released 
from parasympathetic nerves, muscarinic receptors on salivary 
acinar cells are activated (Proctor and Carpenter 2007). This causes 
the gland to start synthesize isotonic primary saliva. The tonicity of 
this primary saliva is modified thorough the removal of salt in the 
ductal system (Ekström 2000; Ferguson 1999). The saliva entering 
the mouth is hypotonic, and the degree of hypotonicity is dependent 
upon the salivary flow rate. 

Salivary secretion
Approximately 80-90% of the gland mass is comprised of acinar 
secretory cells. Depending on the acinar characteristics some of the 
salivary glands are purely serous (the parotid glands), others are 
mucous (minor glands located in the palate), and again others are 
mixed gland types (submandibular, sublingual and minor buccal and 
labial glands). 

The contribution of secretion from the different glands to whole 
saliva varies according to the degree and type of stimulation. The 
submandibular glands produce about two-thirds of the volume, in the 
resting-state, while the parotid glands and the minor glands provide 
about 20% and 7%, respectively. Only a small percentage of both 
unstimulated and stimulated whole saliva comes from the sublingual 
glands. Upon stimulation, the parotid glands can account for half of 
the volume. 

Several studies have reported the mean flow rate of resting saliva 
in healthy persons to be in the range of 0.30-0.40 ml/min but with a 
large standard deviation (Becks and Wainwright 1943; Andersson et 
al. 1974; Heintze et al. 1983; Bergdahl 2000). 

Many factors affect the unstimulated salivary flow rate. Major 
factors include degree of hydration, body position, exposure to 
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light, drugs, and biological rhythms. Salivary flow rate exhibits a 
circadian rhythm (Dawes 1974) with peak flow in the late afternoon. 
During sleep, the flow rate is extremely low (Schneyer et al. 1956). 
Circannual rhythms in the flow rate of parotid saliva, with peak 
values in the winter, have been assumed to be an effect of dehydration 
during summer. Decreased salivary flow rate has been reported as a 
consequence of treatment with various types of drugs. Minor factors 
affecting the unstimulated salivary flow rate include gender, body 
weight, salivary gland size, number of natural teeth, and bite force 
(Dawes 2004). Factors such as mechanical and gustatory stimuli 
as well as gland size and food intake also influence the flow rate. 
Gustatory stimulation with acid is the most potent stimulus, leading 
to a greater contribution of saliva from the parotid gland (Dawes 
2004).

An association between high (> 25) body mass index and a 
decreased salivary flow has been seen in individuals younger than 50 
years. This might be explained by that malnutrition, as an effect of a 
fat-and carbohydrate rich diet, compromises salivary gland function 
(Flink et al. 2008). Studies on the direct effect of malnutrition and 
nutrient deficiencies on salivary flow rate show that children suffering 
from protein-energy malnutrition (PEM) have a reduced stimulated 
secretion rate (Johansson et al. 1992). A retrospective study of the 
effect of early childhood PEM and adolescent nutritional status 
also reported a negative impact on unstimulated salivary flow rate 
(Psoter et al. 2008). Several conditions related to oral dryness, such 
as altered taste, oral pain, and difficulties in chewing and swallowing, 
could theoretically lead to impaired dietary intake. The literature 
on the relationship between subjective or objective oral dryness 
and nutritional status mostly concerns elderly populations, and the 
results are not consistent. No association between low unstimulated 
and stimulated whole saliva flow rates and risk for malnutrition has 
been reported (Syrjäla et al. 2013) as well as an association between 
nutritional deficit and low stimulated whole saliva flow rates (Mesas 
et al. 2010).

Functions of saliva
Saliva is composed of more than 99 % water and less than 1% 
proteins and salts (Bardow et al. 2004).
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A large number of salivary proteins have been identified and 
characterized with respect to their structure as well as to their biological 
activity and function. Many of these proteins have multifunctional 
properties as well as overlapping functions leading to a built-in 
redundancy in saliva with regard to its protective functions. These 
overlapping functions may explain why large individual variations in 
the concentration of different components do not affect the overall 
protective ability of saliva.

This structure/function relationship for many salivary molecules 
was conceptualised by Levine in 1993 (Levine 1993) and has been 
further corroborated by others (Nieuw Amerongen and Veerman 
2002). Salivary molecules play a role in lubrication, remineralization, 
protection against demineralization, buffering, taste, digestion as well 
as in microbial interactions with bacteria, fungi, and viruses (Levine 
1993; Nieuw Amerongen and Veerman 2002).

In order for the different salivary proteins to exert their protective 
functions, saliva has to spread out as a thin film over oral tissues 
and, if present, also over dental reconstructions. This film has been 
calculated to be between 70 and 100 µm thick, provided that saliva 
is spread evenly throughout the mouth (Collins and Dawes 1987). 
The efficiency of this protective barrier is not only dependent on 
the composition of saliva but also on the adsorption process of 
proteins forming interfaces towards biological and artificial surfaces 
in the oral cavity and the surface properties of these (Glantz and 
Christersson 1996). Additionally, the adsorption process and 
molecular arrangements of the salivary film will affect the resistance 
when exposed to shear forces. (Christersson et al. 1988).

A structural model of the salivary film has been described as being 
composed of roughly five saliva layers including a precursor layer, a 
tightly bound protein layer, a layer of surface-anchored mucin brush, 
a liquid bulk layer and an outer proteinaceous layer at the interface 
with air (Veeregowda et al. 2012; Lundin et al. 2009).

This structure with multiple layers and the interplay between 
their components together with the rheological characteristics of 
the system most likely contributes to the entire spectrum of saliva’s 
protective and lubrication functionality (Christersson et al. 2000; 
Yakubov 2014).
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It is in particular salivary glycoproteins, such as mucins and 
proline-rich proteins, which have structural features that correlate 
to the protective function of masticatory lubrication. Mucins, of both 
high-molecular weight (MUC5B) and low-molecular weight (MUC7), 
are secreted from the submandibular-sublingual salivary glands and 
submucosal glands, while the proline-rich glycoproteins emanate 
from the parotid glands. The molecular structure of both MUC5B 
and MUC7 is a protein backbone enriched with threonine/serine and 
proline amino acids, which allow for N-and O-glycosylation. After 
synthesis, sialylated (sialic acid containing) and sulfated residues 
lend mucins a negative charge, which results in the capacity of water 
retention (Castro et al. 2013).

These mucins form part of the acquired enamel pellicle and of 
the mucosal pellicle. They act as an important lubricant between 
opposing surfaces during mastication, swallowing and speaking 
(Siqueira et al. 2007; Gibbins et al. 2014)

Enamel pellicle
Human enamel is highly mineralized. The main mineral component 
(approximately 95%) is hydroxyapatite (HA), Ca10(PO4)6(OH)2 
(Arends 1977). Enamel also consists of 1% organic material and 
4% water by weight (Nanci and Ten Cate 2008). The calcium 
ions at the surface have a stronger tendency to dissolve in aqueous 
solutions compared to phosphate ions, and this results in an excess 
of phosphate ions (HPO4

2- and H2PO4
-) at the interface. The result 

is a net negative charge of the enamel surface. Ions with a positive 
charge will then “coat” the enamel surface resulting in an electric 
double layer (Arends 1977). Proteins from saliva are then attracted 
and bound to the tooth surface by van der Waal’s forces, electrostatic 
forces, and hydrophobic interactions.

For a more detailed description see Norde (Norde 1986; Norde 
2003). The thin acellular film, in vivo pellicle, coats the tooth surface 
and lowers the critical surface tension of enamel. The formation of 
the pellicle is initiated by adsorption of small proteins, such as acidic 
proline- rich proteins, statherins and histatins (Hay 1973; Jensen et 
al. 1992). A continuous adsorption and exchange then takes place 
where high molecular weight proteins, such as MUC5B, adsorb to 
the surface (Lindh et al. 2002). Thus, the formation of the pellicle is 
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a dynamic process involving competitive adsorption and sequential 
exchange of proteins.

Mucosal pellicle
Salivary components adsorb to oral mucosal epithelial cells. This 
mechanism is not fully understood. It has been suggested that 
interactions between cell surfaces and salivary proteins are mediated 
by hydrophobic interactions (Gibbins et al. 2014) and that the 
surface wettability is involved in the structural organization of 
pellicle components (Aroonsang et al. 2014). MUC1, a polymorphic 
membrane-associated glycoprotein (Hanisch and Muller 2000) 
enhances the pellicle formation by binding proteins, such as MUC5B 
(Ployon et al. 2015). Salivary proteins such as amylase, IgA, cystatins, 
carbonic anhydrase IV, and mucins are found in the mucosal pellicle 
(Bradway et al. 1989; Gibbins et al. 2014).

Oral dryness
The protective functions of saliva are not completely appreciated 
until quantity and/or quality of the secretions are affected. 

Dry mouth, or oral dryness, is a complex condition that severely 
can affect oral function and quality of life (Enger et al. 2011). 

Definitions of xerostomia and salivary gland hypofunction
Much of the literature regarding dry mouth is based on the assumption 
that the subjective sensation, referred to as xerostomia, is associated 
with low salivary flow rates, referred to as hyposalivation, and vice 
versa. In many cases, the literature on dry mouth is ambiguous in 
defining the condition.

The sensation of dry mouth often occurs when the unstimulated 
salivary flow rate is reduced to about 50% of its normal value (Ship 
et al. 1991). Xerostomia has nonetheless been claimed by persons 
with flow rates in the normal range (Hay et al. 1998; Fox et al. 
1987; Sreebny and Valdini 1988; Löfgren et al. 2010; Ship et al. 
1991). Unless the mouth is almost dry, without proper individual 
baseline information, it is almost impossible to ascertain if the level 
of a patient’s salivary flow rate is below ‘normal’. This indicates that 
qualitative changes in saliva might be of greater importance for the 
perception of dry mouth than the quantity of saliva secreted alone.
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The term hyposalivation is based on measurements of the salivary 
secretion rates (sialometry). The cut-off value for a very low 
unstimulated whole saliva flow rate has been reported to be ≤ 0.1 
ml/min. Values between 0.1 and 0.2 ml/min have been suggested as 
low values, and values greater than 0.2 ml/min could be regarded as 
normal (Sreebny and Valdini 1988; Ericsson and Hardwick 1978).

The fact that there is no global consensus regarding the terminology 
associated with dry mouth might explain the variation on the reported 
prevalence, 10- 80%, in the literature. Another fact that might 
explain this variation in reported prevalence is the great variation of 
the populations studied. Many of these studies examine older adult 
populations. (Österberg et al. 1984; Ben-Aryeh et al. 1985; Sreebny 
and Valdini 1988; Thorselius et al. 1988; Gilbert et al. 1993; Locker 
1993; Narhi 1994; Loesche et al. 1995; Billings et al.1996; Field et 
al. 1997 Hochberg et al.1998). 

However, recent literature defines dry mouth as a condition with 
two possible manifestations. The subjective feeling experienced by 
an individual, xerostomia, is one, and salivary gland hypofunction, 
determined by sialometry and quantitative measurements is the 
second (Thomson 2005). In addition to the subjective feeling and the 
reduced fluid output, dry mouth also includes an altered composition, 
leading to qualitative changes of saliva (Nederfors 2000).

Individuals may not have objective signs or subjective complaints 
of dry mouth although having low unstimulated salivary flow rate 
or an altered composition as part of the variation in a healthy 
population. This might be a result of the multifunctional properties 
that many salivary proteins display, as well as their overlapping 
functions leading to a built-in redundancy in saliva with regard to 
its protective functions (Levine 1993).

Oral dryness may be caused by many factors. One important 
factor is pharmacotherapy. Decreased salivary flow rate has been 
reported as a consequence of treatment with various types of drugs 
but as for the subjective feeling of oral dryness the total number of 
drugs taken seems to be more important (Nederfors et al. 1997). No 
age dependent decrease in salivary flow rate has been established 
(Ship and Baum 1990; Österberg et al. 1990) although a higher 
prevalence of perceived oral dryness has been reported with increased 
age (Nederfors et al. 1997). This might be explained by an increased 
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intake of medication with increasing age. Several systemic disorders 
such as Sjögren’s syndrome, diabetes mellitus, rheumatoid arthritis, 
and systemic lupus erythematosus are also known to cause oral 
dryness with or without xerostomia. In addition, radiotherapy to 
the head and neck region and chemotherapy are factors that will 
influence saliva secretion rate and probably also saliva composition.

Assessment of salivary gland hypofunction
Methods for collecting whole saliva
As mentioned before, many factors influence saliva flow rate. Some 
of these factors have to be standardized during saliva collection. 
Subjects should be instructed to refrain from smoking (including 
smokeless tobacco), eating, drinking, and performing any oral hygiene 
practice for at least one hour prior to the measurements. Rinsing with 
deionized water prior to collection has also been proposed (Navazesh 
1993). As for body position, the person should be seated comfortably 
with eyes open and head tilted slightly forward. When collecting 
unstimulated whole saliva a resting period of 5 minutes prior to 
collection is recommended (Navazesh 1993). 

Several methods for collecting saliva have been tested for validity 
and reproducibility.

The so-called draining method is the most commonly used 
technique for measuring the whole saliva flow rate. This method is 
highly reproducible and involves the dripping of saliva off the lower 
lip into a graduated test tube fitted with a funnel. 

The spitting method involves accumulation of saliva in the floor 
of the mouth, which the subject spits out in a graduated test tube 
every 60 seconds. This method is as reproducible and reliable as the 
draining method. 

The suction method, where saliva is continuously aspirated from 
the floor of the mouth into a test tube, has shown to introduce 
some degree of stimulation and variability. Thus, this method is not 
recommended for unstimulated saliva collection. 

The least reliable method is the swab method, where saliva is 
absorbed by a preweighed swab or cotton roll placed in the mouth 
at the orifices of the major glands. The swab is reweighed at the end 
of the collection period (Navazesh and Christensen 1982). 
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Regarding the collection of stimulated whole saliva, the spitting 
method is recommended. Stimulation can be achieved by using citric 
acid, gum base, paraffin wax and rubber bands. 

Saliva can also be directly collected from the individual glands. A 
Lashley cup (Lashley 1916) or a modified Carlsson-Crittenden device 
(Carlson and Crittenden 1910; Shannon and Chauncey 1967) can be 
used to collect parotid saliva. The cup, plastic or metal, has an inner 
and outer chamber. The inner chamber is connected to a tubing that 
carries saliva to the collection vessel. Meanwhile, the outer chamber 
is connected to a suction-inducing device via another tubing. When 
the device is placed over Stensen’s duct, the suction-device holds the 
cup in place.

Since the secretions from the submandibular and sublingual glands 
enter the mouth mainly via a common duct, it is difficult to collect 
saliva from each gland separately. Cannulation of Wharton’s duct, 
to collect submandibular saliva, is often associated with difficulties 
since the wall of the duct is thin and can rupture.

Various investigators have introduced custom-made collection 
devices (Truelove et al. 1967; Stephen et al. 1978; Parr and Bustos-
Valdes 1984). These devices usually contain a central chamber for the 
collection of submandibular saliva and one or two lateral chambers 
for the collection of sublingual saliva. Mixed submandibular and 
sublingual saliva can also be collected by blocking Stensen’s ducts and 
isolating Whartons’s ducts. Saliva is then collected from the floor of 
the mouth with a micropipette (Fox et al. 1985). 

Time of saliva collection
Due to the circadian rhythm in salivary flow, it has been proposed 
that it may be important to standardize the time of day at which 
saliva is collected.

One study (Flink et al. 2005) has  investigated the unstimulated 
whole salivary flow rate at two time-points, 7:30 and 11:30 a.m. 
Results showed that 70% of the individuals who had been allocated 
to the group with a very low unstimulated whole saliva flow rate 
(≤ 0.1 ml/min) at 7:30 a.m. had exceeded this limit at 11:30 with 
0.08-0.09 ml/min. An increase in the unstimulated whole saliva flow 
rate was also seen in the groups with low unstimulated saliva flow 
rates (0.1-0.2 ml/min) and normal rates (> 0.2 ml/min). 
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Assessment of subjective oral dryness
Since xerostomia denotes the subjective feeling experienced by 
an individual, self-report is the only method available to assess 
this symptom. Attributes of self-report measures such as having a 
conceptual model, reliability, validity, interpretability, responsiveness, 
cross-cultural applicability, respondent and administrative burden, 
and alternative forms have been described as important (Scientific 
Advisory Committee of the Medical Outcomes Trust 2002). 

Questions regarding symptoms of dry mouth can be posed using a 
single-item method (also called global item) or a multi-item method. 
The single-item method involves an overall summary judgment to 
a single question or statement. A multi-item method includes both 
batteries of items and summated rating scales. When using batteries 
of items, the participants usually respond to each item with a “yes” or 
a “no”. The number of positive answers can, at the analyses stage, be 
counted and used as an index score. The battery-type approach has 
also been modified using a visual analogue scale (VAS) for scoring.

 The idea behind summated rating scales is to put the respondents 
on a continuum, which represents the range of experience of the 
condition or entity being measured. Possible response options to an 
item in a summated rating scale could be: “Never”, “Hardly ever”, 
“Occasionally”, “Frequently”, and “Always”.    

Many global dry mouth questions have been used in the 
literature. How the question is posed is of outmost importance. 
An overestimation of the prevalence is likely to be the result if the 
question is phrased as “Do you feel dryness in the mouth at any 
time?” (Fure and Zickert 1990), since transitory mouth dryness is 
experienced by many. Likewise, an underestimation is likely to be 
the result if the question is too stringent, e.g., “Have you had a dry 
mouth sensation every day for the last 6 months” (Carda et al. 2006).

The questions described by Fox et al. 1987 (“Do you sip liquids 
to aid in swallowing dry foods?”, “Does your mouth feel dry when 
eating a meal?”, “Do you have difficulties swallowing any foods?”, 
and “Does the amount of saliva in your mouth seem to be too little, 
too much, or you don’t notice it?”) were predictive of decreased 
salivary gland output. On the other hand, these questions were 
validated in a population with hyposalivation, and thereby, they are 
not discriminating patients who suffer from subjective oral dryness 
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(xerostomia). Furthermore, the literature is sparse regarding studies 
where sufferers are allowed to articulate their experiences.

The research question being investigated is of importance when 
choosing instruments. The ability to compare findings with others 
and respondent burden are factors that have to be taken into account 
in this respect. 

Qualitative analyses of saliva
In order to describe the protective functions of saliva, it is of 
importance to monitor dynamic changes both in the bulk of saliva 
fluid and in saliva as an adsorbed thin film. The behavior of saliva 
is not only dependent on its composition but also on the interface 
that salivary proteins form with surfaces in the oral cavity. The thin 
layer of residual saliva, coating all oral surfaces after swallowing 
has been shown to be reduced on mucosal surfaces in individuals 
perceiving oral dryness without concomitant hyposalivation (Proctor 
and Challacombe 2010). This indicates that even if the salivary gland 
output is considered to be sufficient the coating or wetness of oral 
surfaces may be insufficient. 

The formation of a thin salivary film, i.e., protein adsorption is 
dependent on the surface characteristics as well as the interfacial 
behavior of saliva.

An optical method to study the clinical adhesiveness of tooth 
surfaces in situ has been developed (Glantz et al. 1980). The 
determination of adhesiveness is based on the on the wettability 
method described by Zisman (Zisman 1964). Interfacial chemistry 
through liquid/solid contact angles formed with pure liquids on 
tooth surfaces in the oral cavity were measured on photographic 
recordings, thus allowing collection of data in the clinical setting 
(Jendresen and Glantz 1980). Using the above mentioned technique, 
results indicated that the formation of the pellicle resulted in a 
lowered surface energy of enamel with similar degree of wettability 
between groups of different ages and gender.

The interfacial behavior of salivary protein molecules at the air/
liquid interface has been described by using a drop volume technique 
(Adamczyk et al. 1997). Results showed a time dependence of the 
surface tension reduction, probably related to e.g. conformational 
changes taking place on adsorption at the liquid/air interface. The 
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authors concluded that proteinaceous salivary molecules most 
probably dominated the air/liquid interface, due to surface active 
fractions, thus leading to a reduction in surface tension over time.

In order to characterize film formation in vivo different surface 
materials have been used. Germanium prisms have been shown to 
display adsorption characteristics similar to those of tooth enamel 
(Glantz and Christersson 1996; Baier and Glantz 1978). These prisms 
have been used as saliva carriers in order to describe the molecular 
composition of films adsorbed to the prisms through internal 
reflection spectroscopy (Baier and Glantz 1978).

Introduction to rheology
Rheology is defined as the deformation and flow of materia, and 
describes the interrelation between stress, deformation, and time. 
Matters in this context can be either solids, liquids or gases.

An ideal solid deforms elastically, i.e., the energy required for the 
deformation is fully recovered when the acting stresses are removed. 
An ideal liquid deforms irreversibly, it flows, and the energy dissipates 
within the fluid in the form of heat and cannot be recovered by 
removing the acting stresses. Viscosity refers to the resistance to 
flow of a liquid. To illustrate rheological properties the parallel plate 
model is used (Figure 1). 

The upper plate, which has a surface area A (m2), is moved by 
a force F (N=kgm/s2) at velocity v (m/s). The distance between the 
plates is described by h (m). This leads to flow of the liquid between 
the plates. The velocity of the flow that can be maintained, for a 
given force is controlled by the internal resistance of the liquid, i.e., 
by its viscosity.

Figure 1.
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Shear stress: s= F (force)/ A (area) = N/m2=Pa
Shear strain (g) =dx/h = dimensionless

At low enough velocities the liquid is caused to flow in a special 
pattern, i.e., laminar flow.  The uppermost layer moves at the 
maximum velocity vmax while the lowermost remains at rest. The 
shear rate of the liquid is defined as:

γγ  =dv/dh
dv=velocity differential between adjacent layers
dh= thickness differential of the flow layers

In laminar flow both dv and dh are constant, thus the shear rate can 
be described as:
Shear rate (γγ )= Velocity (v)/ Distance (h)= s-1

From what is given above the viscosity and the elasticity of a material 
subjected to stress or strain can be calculated as follows:

Viscosity (h) = Shear stress (s)/ Shear rate (γγ ) = Pa/s-1=Pas

Elasticity (G) = Shear stress (s)/Shear strain (g) = Pa

A number of external factors can affect the flow and deformation 
behavior of a material. Some of these factors are the following:
• Chemical and physical properties of the material
• Time of shearing
• Temperature (in general the viscosity of a material decreases 

with increasing temperature)
• Shear rate
• Pressure (can cause particles to organize in tighter structures 

which will increase the viscosity).

Depending on how the viscosity of the material is affected by the 
acting shear rate (γγ ), it can be categorized as either Newtonian (ideal 
liquid) or non-Newtonian. The viscosity of a Newtonian material 
is constant and independent of the acting shear rate (γγ ). For non-
Newtonian materials the viscosity is dependent on the acting shear 
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rate and this is a result of interactions between molecules in the 
material. These interactions result in the formation of a short lasting 
or long-lasting structure in the material. If the structure is short-lasting 
the material is categorized as non-Newtonian time independent while 
if the structure is long-lasting, it is non-Newtonian time dependent. 

Very few liquids behave as ideal liquids when flowing. The majority 
show, in varying degree, both viscous and elastic behavior and are thus 
named viscoelastic. The viscous part in viscoelastic materials denotes 
the part where the deformation energy dissipates within the fluid in 
the form of heat (calculated as the loss modulus, G”) and the elastic 
part where the energy is stored (calculated as the storage modulus, 
G’). Viscoelastic materials like polymers can be described by the 
Maxwell Spring-Dashpot Model (Roylance 2001). This mechanical 
model involves a Hookean spring and a Newtonian dashpot arranged 
in series. A force causes the spring to deform immediately, while the 
dashpot or damper reacts with a delay. Cessation of the force action 
causes the spring to return immediately, while the dashpot remains 
displaced, i.e., the material partly remains strained. The amount of 
remaining strain corresponds to the viscous portion and the amount 
of spring return corresponds to the elastic portion.

Viscoelastic behavior of a material can be studied by subjecting the 
material to oscillatory shear. The velocity of the material is then 
created through an applied angular velocity,ω (rad/s). The resistance 
to flow of the material is then denoted dynamic viscosity,h’ (Pas) and 
is calculated as

h’=G”/ω

The dynamic viscosity of a material is either equal to the shear rate 
controlled viscosity (according to Cox Merz rule) or higher.

Rheological properties of saliva
The behavior of saliva is based on both viscous and elastic properties. 
The viscosity of whole saliva decreases upon increasing shear rate and 
saliva can therefore be classified as a shear-thinning, non-Newtonian 
fluid with a high elastic component (Schwartz 1987; Vissink et al. 
1984; van der Reijden et al. 1993). 
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It has been shown that the linear viscoelasticity and viscosity of 
saliva secreted from the various glands decrease in the following 
order: sublingual > palatal~whole saliva~submandibular > parotid 
(van der Reijden et al. 1993). These findings suggest that the different 
rheological behavior of saliva from each gland secretion could be due 
to an influence from a mucin concentration, mucin conformation 
and/or the mucin type within the glandular saliva. The viscosity 
of submandibular and parotid saliva has been shown to be hardly 
dependent on the shear rate opposite to sublingual saliva that showed 
a clear shear-thinning behavior (van der Reijden et al. 1993).

The viscosity of saliva and its degree of shear thinning varies due 
to differences in measuring methods, saliva collection procedures and 
handling, circadian rhythm, and individual variation (van der Reijden 
et al. 1993; Mellema et al. 1992; Christersson et al. 2000; Rantonen 
and  Meurman 1998; Stokes and Davies 2000), and this affects the 
feasibility of comparing results between studies (Shipper et al. 2007).

Since saliva is a dilute viscoelastic polymer solution with very low 
shear modulus its viscoelasticity is therefore difficult to characterize 
experimentally. Davies and Stokes (Davies and Stokes 2008) have 
developed an experimental technique, utilizing small gap distances, 
down to 5 µm, with parallel plate rheometry, which allows the use 
of small sample volumes. They demonstrated its applicability for 
high strains and strain rates as well as for viscoelasticity using small 
amplitude oscillatory shear (SAOS). The advantages of this SAOS 
technique as compared to previous measurements using oscillating 
capillary flow (van der Reijden et al. 1993) and resonant oscillation 
(Mellema et al. 1992; van der Reijden et al. 1994) are a wide selection 
of frequencies and a well-defined strain.
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HYPOTHESES

Study I
Saliva plays an important role in protecting oral soft tissues, teeth, 
and restorations from wear, demineralization, dehydration, and 
influence of external chemicals. Without adequate saliva function 
the individual may experience severe impairment of oral health. The 
most advocated clinical method for measuring saliva function, so 
far, is to quantitate unstimulated and stimulated whole saliva. There 
is a lack of consensus regarding saliva collection procedures and 
diagnostic tests to identify saliva dysfunction.

• To identify gaps in available diagnostic procedures of oral 
dryness, the efficacy of the scientifically reported diagnostic 
methods needs to be systematically reviewed and the quality of 
the evidence evaluated.

Study II
Oral dryness, is a complex and quite common condition, reported 
with a varying prevalence of 10-80 %. Studies carried out on selected 
patient populations suggest weak to no correlation between measures 
of salivary flow rate and individuals’ own subjective description. 
There is a need to find measures for identifying individuals with 
subjective complaints of oral dryness to discern those who will 
require preventive interventions.  

• When comparing a randomly selected population with a dental 
care-seeking group, using a questionnaire and salivary flow 
measures, individuals with subjective oral dryness will be 
identified, in accordance with results reported in the literature.
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• It is presumed that a higher percentage of individuals 
expressing subjective oral dryness will be identified in the 
dental care-seeking group, assuming a higher oral health 
concern in that group.

• In the dental care-seeking group, individuals with objective 
oral dryness are assumed to present a higher number of 
reconstructions than individuals with subjective oral dryness; 
due to the correlation between low salivary flow and high 
prevalence of caries.

Study III
An individual’s perception of oral dryness is assumed to correlate 
with the perceived sensation of lubrication and hydration. Saliva 
has a unique combination of rheological properties, such as low 
viscosity, shear thinning, and high elasticity which are most likely 
to be responsible for its elastohydrodynamic lubricating function. 
To avoid time dependent deterioration of salivary components, it 
is critical to be able to measure these characteristics when saliva is 
freshly produced. 
        
• An Oscillating Cup Rheometer (BOCR), providing data on 

viscosity and elasticity in small volume samples, is presumed to 
be suitable in the clinical setting for characterizing viscoelastic 
functions of saliva.

Study IV
Saliva exerts its protective functions both within the bulk and as 
an adsorbed thin film in the oral cavity. Today, clinical methods 
evaluating a combination of saliva bulk and surface protective 
properties are not available. Perceived oral dryness is assumed to 
be an expression of variations in qualitative changes of protective 
functions, exerted both in bulk and as a thin film of saliva. 

• Saliva from individuals with subjective and/or objective oral 
dryness is assumed to have altered rheological properties, 
expressed as lower values of viscosity and elasticity, as 
compared to saliva from individuals that do not express 
subjective and/or objective oral dryness.
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• Saliva from individuals with subjective and/or objective oral 
dryness is assumed to have lower film-forming capacity, 
expressed as a slower decay of surface tension over time, 
when compared to saliva from individuals that do not express 
subjective and/or objective oral dryness.

• Saliva from individuals with subjective and/or objective 
oral  dryness is assumed to have lower film-forming capacity 
identified as less protein surface association measured 
as smaller areas for N-H and Amide I+II with MAIR, as 
compared to individuals expressing no oral dryness.

• Saliva from individuals with subjective and/or objective 
oral dryness is assumed to form a salivary film with altered 
wettability, expressed as greater contact angles for both polar 
and non-polar liquids on teeth and oral mucosa.
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AIMS

The overall aim of this thesis was to evaluate reported diagnostic 
methods in use to identify oral dryness and to explore methods for 
clinical monitoring of protective functional characteristics of saliva 
in bulk and as a thin film. 

Study I
To evaluate the quality of the evidence for the efficacy of diagnostic 
methods used to identify oral dryness.

Study II 
To survey the occurrence of subjective (questionnaire) and objective 
(sialometry) oral dryness among a) randomly selected individuals in 
the Malmö region and b) patients seeking dental care at the Faculty 
of Odontology, Malmö University, and to analyze the relationship 
between subjective and objective oral dryness to clinical parameters.

Study III
To characterize the viscoelastic properties of human whole saliva 
using two instruments, the ARES-G2 rheometer and the Bohlin 
Oscillating Cup Rheometer (BOCR), and to explore if the BOCR can 
be used in the clinical setting to distinguish between saliva samples 
with high and low degree of viscoelasticity.  

Study IV 
To characterize the film-forming and viscoelastic properties of human 
whole saliva, in individuals with (1) no objective or subjective oral 
dryness, (2) objective oral dryness, (3) subjective oral dryness, and 
(4) objective and subjective oral dryness.
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MATERIALS AND METHODS

Subjects (II, III, IV)
Study II 
In Study II, two populations were analyzed, one in which the 
participants were randomly selected and one which comprised of 
individuals seeking dental care. The randomly selected group was 
stratified according to age and comprised of 200 individuals (110 
women and 90 men, aged 20 to 80 years) in the Malmö region, 
drawn from the public registration of all nationally registered persons 
in Sweden (SPAR). The randomly selected group was divided into 
the following age cohorts: 20-29 years, 30-39 years, 40-49 years, 
50-59 years, and 60 years and older. Each cohort was comprised of 
40 individuals.

The dental care-seeking group was recruited from patients attending 
the Department of Oral Diagnostics, Faculty of Odontology, Malmö 
University, during a period from March 2004 to December 2006. 200 
patients in total (117 women and 83 men, aged 22 to 90 years) were 
asked to participate in the study as part of their regular visit to the 
Department of Oral Diagnostics. These patients were distributed as 
follows according to age: 20-29 years: 27 individuals, 30-39 years: 27 
individuals, 40-49 years: 42 individuals, 50-59 years:37 individuals 
and 60 years and older: 59 individuals. 

Study III
In Study III, eleven healthy volunteers employed at The Swedish 
Institute for Food and Biotechnology (5 women and 6 men, aged 
27 to 50 years) were asked to donate unstimulated saliva for 
characterization of saliva viscoelastic properties. 
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Study IV
Participants in Study IV were recruited from Study II. Since the 
participation rate in the randomly selected group was low, only 
individuals from the dental care-seeking group were included in 
study IV. Study IV was conducted nine to eleven years after Study II, 
therefore subjects were included upon availability. 

Ethical considerations 
The Ethics Committee of Lund University, Lund, Sweden, which 
follows the guidelines of the Declaration of Helsinki, approved the 
informed consent forms and study protocols for Study II and Study 
IV (reg. nr. LU 705-02 and 212/651, respectively). 

Consent 
All participants in Study II and Study IV signed a written informed 
consent prior to inclusion in the studies.

METHODS
Study I - Systematic review of scientific literature
Search strategy
The systematic approach of the literature review was adapted 
according to Goodman (29) and consisted of the following steps: (1) 
specification of the problem, (2) formulation of a plan to conduct 
the literature search with specified indexing terms and retrieval of 
publications, (3) interpretation of the evidence from the literature 
studied.

The following questions were raised to define the problem: 
• What methods are used to diagnose oral dryness?
•  What is the efficacy of these methods?

Literature search and retrieval
Publications were retrieved from three databases; PubMed, The 
Cochrane Library, and Web of Science, with an Entrez date in the 
period from January 1, 1966 to February 22, 2011. The following 
search terms were identified on the basis of Medical Subject Headings 
(MeSH) and within the MeSH database these terms are defined as 
follows: 
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• Saliva: the clear and viscous fluid secreted by the salivary 
glands of the mouth and containing mucins, water, organic 
salts, and ptylin

• Xerostomia: decreased salivary flow.

• Diagnostic techniques and procedures: methods, procedures, 
and tests performed to diagnose disease, disordered function, 
or disability. Year introduced: 1998. 

MeSH terms were combined by using the Boolean operator “OR”with 
free text words within a search facet.

An initial search resulted in a number of publications on 
interventions with pilocarpine, and since the review focused on 
diagnostic methods the decision was made to confine the search by 
excluding those studies. This was obtained by using the Boolean 
operator ‘NOT’ in combination with the MeSH term and free text 
word “Pilocarpine” in the search. The term “Pilocarpine” is in the 
MeSH database defined as:

• Pilocarpine: a slowly hydrolyzed muscarinic agonist with no 
nicotinic effects. Pilocarpine is used as a miotic and in the 
treatment of glaucoma.

To be included in the review, publications that described a method 
for diagnosing oral dryness were searched. The studies selected for 
inclusion were those that reported oral dryness as a primary condition 
and where the study population presented symptoms and/or findings 
of oral dryness. Only publications written in English were included. 

The reference lists of the publications retrieved were also hand 
searched, as were reference lists of reviews. The decision to include 
the article was made by reading the title and the abstract. Four of 
the authors (CDL, CW, MS, and CC) screened all titles and abstracts 
independently for possible inclusion. When an abstract was considered 
by at least one author to be relevant, the full text was obtained for 
independent assessment against the stated inclusion criteria (Table 1) 
and with the aid of a protocol (Appendix 1). Any disagreement was 
resolved by discussion among the reviewers.

 The second step was to search by hand the reference lists of 
the original studies that had been found relevant in the first step. 
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Reference lists of reviews were also searched. Titles containing words 
suggesting diagnostic measures and techniques of oral dryness were 
sought.

Inclusion and exclusion criteria were considered in the hand 
search. The abstracts of the selected references were obtained and 
when considered relevant by at least one author, the publication was 
ordered in full text. Book chapters and reviews were excluded, since 
the search focused on original studies.

Table 1. Inclusion and exclusion criteria 

Inclusion Criteria Exclusion Criteria

Human studies Review articles and abstracts

Oral dryness primary condition Studies on pharmacologic 
intervention with e.g. pilocarpine

Study population presenting 
symptoms and/or findings of oral 
dryness

Studies on the effect of radiation 
therapy

Standardized conditions for donors Studies where oral dryness is a 
secondary outcome variable

Articles written in English

Interpretation and assessment
Data were extracted on the following items: year of publication, 
study objectives, study design, study population, control group, test 
method, reference method, and authors´ conclusion.

Original studies that presented a method for diagnosing oral 
dryness were interpreted according to the Quality Assessment of 
Diagnostic Accuracy Studies (QUADAS) tool (Whiting et al. 2003). 

A modified protocol comprising 15 questions was applied (Table 2). 
The interpretation and the assessment of the studies were preformed 
independently by the authors. Any interexaminer disagreements were 
resolved by discussion on each article in order to reach a consensus.
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Table 2. Protocol based on the QUADAS tool

Yes No Unclear
1. Was the spectrum of patients representative of 
the patients who will receive the test in practice?
2. Were the selection criteria clearly described?
3. Is there a diagnostic reference standard? 
4. If so, is the reference standard likely to 
correctly classify the target condition?
5. Is the time period between reference standard 
and index test short enough to be reasonably 
sure that the target condition did not change 
between the two tests?
6. Did the whole sample or a random selection 
of sample, receive verification using a reference 
standard of diagnosis?
7. Was the execution of the index test described 
in sufficient detail to permit replication of the test?
8. Was the execution of the reference standard 
described in sufficient detail to permit replication 
of the test?
9. Were the index test results interpreted without 
knowledge of the results of the reference 
standard?
10. Were the reference standard results 
interpreted without knowledge of the results of 
the index test?
11. Were the same clinical data available 
when test results were interpreted as would be 
available when the test is used in practice?
12. Were uninterpretable/intermediate results 
reported?
13. Were withdrawals from the study explained?
14. Are data presented on observer or instrument 
variation that could affect the estimates of test 
performance?
15. Were appropriate results presented 
(percentage of correct diagnoses, sensitivity, 
specificity, predictive values,measures of ROC, 
likelihood ratios, or other relevant measures) and 
were these calculated appropriately?

Interpreter: ..............................................................................................

Date:  .....................................................................................................
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Assessment of subjective oral dryness (II and IV)
Study II
A questionnaire (Appendix 2) was used to assess the subjective feeling 
of oral dryness. This questionnaire included questions regarding year 
of birth, gender, diagnosed diseases, medication and tobacco/snuff 
consumption. Questions addressing oral complaints such as oral 
lesions were also raised. The question “Does your mouth usually 
feel dry” was used as an indicator of subjective oral dryness. A 
positive answer to this question led to further inquiries regarding 
time and duration of mouth dryness. The use of remedies, difficulties 
in mastication and swallowing due to mouth dryness and perceived 
general and oral health were also explored. 

Distribution of the questionnaire
The questionnaire, including a request regarding participation in a 
complementary clinical examination, was sent out to all 200 persons 
in the randomly selected group. Three reminders were sent out, at 
three-week intervals.

Those who had their telephone numbers registered were contacted 
for an appointment. Others were given a time for appointment by 
mail.

The patients attending the Department of Oral Diagnostics, Faculty 
of Odontology, Malmö University, and who agreed to participate in 
the study were given the questionnaire after the completion of their 
regular examination.

Study IV
In Study IV, the questionnaire (Appendix 3) was supplemented 
with questions addressing dryness of lips, tongue, teeth, and buccal 
mucosa. A positive answer led to rating the dryness on a 0-10 VAS 
scale. The participants were asked to describe the sensation in their 
mouths and how they perceived their saliva in free text.

In Study IV all participants completed the questionnaire before the 
clinical examination.
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Determination of salivary flow rate (II and IV)
Unstimulated whole saliva (II and IV)
In Study II, the participants were asked to donate unstimulated and 
stimulated whole saliva in adjunction to the clinical examination. 
Individuals in the randomly selected group and individuals in study 
IV were instructed to refrain from smoking (including smokeless 
tobacco), eating, drinking, or performing any oral hygiene for at least 
1.5 hours prior to the saliva collection procedures (Navazesh and 
Kumar 2008). Since the dental care-seeking group was asked to join 
the study when at place, the time of eating, drinking, smoking, and 
oral hygiene prior to the visit was registered. None of the participants 
indicated oral hygiene measures or intake of food and/or beverages 
closer than 2 hours prior to saliva collection. 

 Unstimulated whole saliva was collected when the participant 
was positioned in a relaxed position leaning slightly forward. After 
clearing the mouth by swallowing, saliva was drooled for 15 minutes 
or until the required volume was obtained. In rare cases the collection 
time was reduced (5-10 minutes). Participants with removable 
dentures retained those during all saliva collection procedures. 

In Study IV, a minimum of 3 ml of saliva had to be collected in 
order to perform the succeeding qualitative measurements.

Stimulated whole saliva (II and IV)
Stimulated whole saliva was obtained through chewing PARA FILM 
“M” of standardized size (5x 5 cm, Laboratory film, American Can 
Company, Dixie/Marathon, Greenwich, CT 06830), and collected 
during a 5-minute period. Both resting whole saliva and stimulated 
whole saliva were collected into a graduated test tube.

In Study IV, the stimulated whole saliva was immediately stored 
at -80°C, and kept at this temperature until determination of protein 
concentration.

Buffer capacity (II and IV)
The buffer capacity, expressed as pH, of resting and stimulated 
whole saliva secretions was determined by using a Dentobuff® Strip 
(Orion Diagnostica, Finland) according to the instructions of the 
manufacturer. 
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Saliva collection (III)
Unstimulated whole saliva was collected. All individuals were 
instructed to refrain from smoking (including smokeless tobacco), 
eating, drinking or any oral hygiene measures for at least 1.5 hours 
prior to the saliva collection procedure (Navazesh and Kumar 2008). 
The unstimulated whole saliva was collected when the participants 
were positioned in a relaxed position leaning slightly forward, so 
that saliva was allowed to pool in the mouth. Before the collection 
of saliva, each individual rinsed the mouth with water for at least 
30 seconds to obtain a “neutral” mouth state. The saliva first 
expectorated was discarded. The donor then expectorated saliva into 
a test tube for 5-10 minutes or until 2 ml of saliva was collected. 
The rheological properties of saliva were measured immediately 
within 2 minutes after collection. 

Clinical examination (II and IV)
The clinical examination included the registration of decayed, missed 
and filled tooth surfaces (DMFS) and teeth (DMFT), prosthetic status. 
The degree of abrasion was recorded as no abrasion (0), abrasion 
confined to enamel (1), a small degree of abrasion in dentine (2), 
extensive abrasion in dentine (3), and abrasion > half of the height 
of the clinical crown (4). Registration was made for the different 
groups of teeth (incisors, canines, premolars, and molars). The 
prosthetic status included registration of existing bridge(s), partial 
denture(s), and complete removable denture in the upper and lower 
jaws. The texture and appearance of all mucosal surfaces were also 
examined. The clinical protocol was designed according to the WHO 
Oral Health Surveys 1997. One examiner performed the clinical 
examination (CDL).

Characterization of rheological properties of saliva  
(III and IV)
Small amplitude oscillatory shear (III)
The technique used with the ARES-G2 rheometer is that of small 
amplitude oscillatory shear with a narrow gap (Davies and Stokes 
2008) In order to obtain meaningful measurements numerous gap 
errors have to be accounted for. The most prominent error, when using 
forced small amplitude oscillatory shear (SAOS), is the unavoidable 



44

misalignment of parallel plates, which produces an underestimation 
in the measurements at gaps less than a few tenths of a millimeter. A 
typical gap error is 5-30 μm (Rantonen and Meurman 1998). The gap 
error Δh is determined by measuring the viscosity ηm of a Newtonian 
liquid for decreasing set gap heights hs. A plot of hs/η vs. hs 

hs
hm

= 1
htrue

hs + �h
htrue  (1)

will give a straight line with slope 1/ηtrue and an intercept of Δh/ηtrue 
where ηtrue is the true viscosity of the Newtonian fluid. The gap error 
can then be used to give a corrected modulus through

s

s
measuredtrue h

hh
GG

D+
=  (2)

where G refers to either G’ or G”.

Free amplitude oscillatory shear (III and IV)
The principle of the surface loading rheometer, like the BOCR, is 
to allow the sample, placed in a cup that is suspended by a torsion 
wire, to perform free oscillations and to measure the damping and 
frequency shifts of the oscillations caused by the sample. As the 
cylinder oscillates, the oscillation will penetrate into the fluid in the 
cylinder (Bohlin 1994; Bohlin 1996). 

A hollow cylinder with an inner radius R and an inner height H 
is suspended by a torsion wire along its axis. The spring constant of 
this construction is Iω0

2 wherein I, is the moment of inertia, and ω0 
the angular velocity, as the oscillation system with the empty cylinder 
performs free torsional oscillations. The free torsional oscillations 
are damped owing to the damping in the torsion wire and the 
other suspension means. The damping is defined by the logarithmic 
decrement Δ:

Δ = 1/n (ln(An/A1))    (1)
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wherein n is the number of periods of the oscillation and An is the 
amplitude of  the oscillation in the nth period and A1 is the amplitude 
in the first period of oscillation. If the cylinder is filled with fluid 
and the oscillation system is caused to perform free oscillations, the 
damping of the oscillation will be greater than in the case of an empty 
cylinder. As the cylinder oscillates, the oscillation will penetrate into 
the fluid in the cylinder. The penetration depth δ is determined by 
the viscosity h, the density of the fluid ρ, and the angular velocity ω 
according to the equation:

δ= √ (η/ρω)     (2)

By selecting a suitable oscillation frequency, a penetration depth delta 
δ of a low viscosity fluid can be obtained, which is much smaller than 
the radius R of the cylinder. In this case the fluid in the center of the 
cylinder will be immovable during the torsional oscillations and the 
fluid between the cylinder wall and the immovable portion of the fluid 
will be subjected to shear. The shearing action promotes the damping 
of the oscillation. The damping caused by the shearing motion can be 
measured, and on the basis of the damping the viscosity of the fluid 
can be determined. For a viscous fluid, the following relationship 
applies, provided that the penetration depth delta δ is much smaller 
than the radius R and the height H: 

η = 2k ρω (Δ - Δ 0)
2    (3)

wherein Δ and Δ 0 are the logarithmic decrement in oscillation with 
and without fluid in the cylinder, and k is a calibration constant. By 
measuring the damping and the relative frequency shift, the dynamic 
viscosity η’ and the storage modulus G’ can be determined for a 
slightly viscoelastic sample according to the following equations:

η’= 2k ρω(Δ - Δ 0)(- Δ ω/ω0) (4)       Sq=(Δ - Δ 0)     
Sw=(- ω+ω0)/ ω0

and



46

G’=k ρω2[ (Δ - Δ 0)
2 - (Δ ω/ω0)

 2]  (5)

wherein (-Δ ω/ω0) is the relative frequency shift (Bohlin  1996) . 

An elastic response to free oscillation is a damping close to zero and 
a frequency shift corresponding to the density of the sample. This 
means that a viscoelastic material receives an extra frequency shift as 
compared to a viscous sample, and that the elastic part of the saliva 
that oscillates in phase with the cup, is proportional to the strength 
of the saliva gel.

The relative frequency shift (ω0- ω)/ω0 and the damping shift 
Δ - Δ0 constitutes the basic information we obtain concerning the 
sample behavior in the oscillating cup.

For a viscoelastic liquid where the “large cup” approximation 
(penetration depth << R) is valid we can calculate the dynamic 
viscosity and elasticity from equations (4) and (5) while the non-
elastic liquid viscosity is given by equation (3). When there is no 
elasticity, we have the relation  
        

 Δ - Δ0 = (ω0- ω)/ω0   (6)

For the geometry and oscillation frequency used in the BOCR, the 
large cup assumption is valid up to a viscosity of 10 cSt. For the 
saliva samples, the situation is more complex since the ARES results 
point to a gel structure possibly with a yield stress that may vary 
among samples. It is obvious that we cannot use the “large cup 
approximation” but need to use the basic information contained in 
the frequency and damping data.

Saliva samples will, due to the gel property, give rise to an 
anomalous frequency shift in addition to that which would be the 
case if there were no elasticity, i.e.,(Δ - Δ0) and that the thickness of 
this layer of gel that is responsible for this increase in inertia will be 
proportional to the gel strength, which seems reasonable.

This results in the conclusion is that in order to get a measure of 
the gel strength we should take the measured frequency shift and then 
subtract the frequency shift for a situation with no elasticity (Δ - Δ0). 
We then obtain something, which is zero for no gel strength. Next, 
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we normalize arbitrarily by (Δ - Δ0) to finally obtain an empirical 
Saliva Gel Strength Index, SGSI.
 

 SGSI= [(ω0- ω) / ω0 – (D-D0)]/ (D-D0)                     (7)

Based on the SGSI assumption above, the BOCR can be used to give an 
indication of gel strength and gel formation in a viscoelastic sample, 
such as saliva at uncontrolled shearing conditions, corresponding 
to a saliva sample subjected to shearing in the mouth. The BOCR 
rheometer is depicted in Figure 2.

 
Figure 2. The Bohlin Oscillating Cup Rheometer (BOCR).

1. Oscillator actuator, sensor and suspension assembly. 
2. Base mount 
3. Sample cell. 
4. Fixed central cylinder for best thermal control. 
5. Thermal jacket 
6. Cover plate.

F igure  2 . The  B oh lin  O scilla ting  C up R heom ete r (B O C R ).

1 .  O s c illa to r  a c tu a to r ,  s e n s o r  a n d  s u s p e n s io n  a s s e m b ly .   

2 .  B a s e  m o u n t  

3 .  S a m p le  c e ll.   

4 .  F ix e d  c e n tra l c y lin d e r  fo r  b e s t th e rm a l c o n tro l.   

5 .  T h e rm a l ja c k e t  

6 .  C o v e r  p la te .



48

Characterization of film-forming properties of saliva (IV) 
In addition to the assessment of subjective oral dryness (questionnaire), 
determination of salivary flow rate, clinical examination  and the 
rheological measures by free amplitude oscillatory shear, the following 
methods were used to characterize the film-forming properties of 
saliva from individuals with or without subjective and/or objective 
oral dryness:

Infrared spectroscopy
Infrared spectroscopy is a technique based on the vibrations of a 
molecule’s atoms. When infrared radiation is allowed to pass through 
a sample an infrared spectrum is obtained that determines what 
fraction of the incident radiation is absorbed at a particular energy. 
Vibrational frequencies and absorption depend on the strength and 
polarity of the vibrating bonds and are thus influenced by intra-
and intermolecular effects. The vibrating masses and type of bond 
determine the approximate position of an infrared absorption band. 
Moreover, electron donating or withdrawing effects of the intra-
and intermolecular environment determine the exact position. With 
increasing polarity of the vibrating bonds, an increase in the strength 
of absorption can be seen. Infrared spectroscopy has, for instance 
been used in the investigation of protein structures and molecular 
mechanisms of protein reactions. The information that can be derived 
from an infrared spectrum can briefly be summarized as chemical 
structure of the vibrating group, chemical properties of neighboring 
groups in a molecule, redox state, hydrogen bonding, bond angles, 
and conformation. For a more detailed description and review see 
Barth 2007.     

Multiple attenuated internal reflection spectroscopy
To obtain chemical information on the saliva films, multiple attenuated 
internal reflection spectroscopy (MAIR) was applied, using a Paragon 
1000 FT-IR spectrometer (PerkinElmer, Göteborg, Sweden) equipped 
with an ATR mirror accessory (PerkinElmer, Göteborg, Sweden).The 
saliva carrier in these experiments was germanium prisms (Willmad 
Glass, Buena Vista, NJ, USA) measuring 5 x 9 x 1 mm, which allowed 
for multiple infrared spectroscopy. Germanium prisms have been 
shown to display adsorption characteristics similar to those of tooth 
enamel (Glantz and Christersson 1996; Baier and Glantz 1978).
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Salivary films were allowed to form on the germanium prisms 
placed intraorally under the upper lip of the participants for 3 
minutes. The prisms were then allowed to air dry for approximately 
15 minutes and then analyzed by IR spectroscopy. 

Surface tension measurements
The shape of a liquid droplet is determined by the surface tension of 
the liquid. In a pure liquid, the molecules in the bulk are pulled in 
every direction by neighboring molecules, resulting in a net force of 
zero. At the surface, the molecules do not have neighboring molecules 
in all directions. This causes a non-balanced net force. The molecules 
at the surface are pulled inward, creating an internal tension which 
leads to a contraction to minimize the surface free energy. The surface 
energy is the intermolecular force that contracts the surface.

Surface tension measurements were performed by using a drop 
volume tensiometer (LAUDA TVT 2, Lauda Königshofen, Germany). 
The technique is based on the principles of the drop volume method as 
described by Tornberg (Tornberg 1978) and Arnebrant and Nylander 
(Arnebrant and Nylander 1985).

The method allows for formation of sample drops of a given 
size corresponding to a predetermined interfacial tension value. 
Sample drops are produced by a plunger automatically directed into 
a capillary of known diameter. These drops grow as long as their 
weight is less than the holding force on the capillary. When this 
weight reaches the same magnitude as the holding force, the drop 
detaches and the volume of the drop is measured. Surface tension is 
then calculated from this volume. 

The value of the surface tension is an indirect measure of the amount 
and conformation of surface active material that is accumulated at 
the interface. This material is of proteinaceous nature in saliva. The 
adsorption rate at the saliva/air interface is roughly described by the 
surface tension decay with time.

Several drops of different sizes were allowed to form and the decay 
of surface tension in relation to time was determined by plotting 
the surface tension against the time required for detachment. 
Measurements of whole saliva (1 ml) were carried out at room 
temperature.
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Clinical wettability measurements
Cohesive forces within liquids and the molecular bonds at surfaces 
(surface energy gsv) determine the intermolecular interactions when 
a liquid and a solid are brought together. The degree of wetting is 
determined by the relationship between adhesive (between liquid-
solid) and cohesive forces (within a liquid or a solid). Good wetting 
is achieved when the adhesive forces are greater than the cohesive 
forces. 

The clinical adhesiveness of salivary films present on teeth and 
oral mucosa was assessed by an indirect technique measuring contact 
angles from photographs taken when test liquids were allowed to 
interact with the surfaces (Glantz et al.1980). The test liquids used 
were glycerol (surface tension value 64.8 mN/m) and methylene 
iodide (surface tension value 49.8 mN/m). Droplets of these liquids 
were applied on labial, non-restored surfaces of maxillary incisors 
(Figure 3), and on the inside of the upper lip mucosa, with a platinum 
wire (gauge 16). When the maxillary central incisors presented 
restorations, either maxillary lateral incisors or mandibular central /
lateral incisors were chosen as surfaces on which to apply the droplets.

The participants were placed in the dental chair in a horizontal 
position between the light source and the optical equipment. Prior 
to each measurement, the participants were asked to wet the inside 
of the lip with the tongue. The upper lip mucosa was turned and 
positioned horizontally to hold the test liquid (Figure 4). The test 
liquid was delivered by a 16 gauge platinum wire, and as soon as the 
liquid reached a mechanical equilibrium the drop was registered by a 
camera technique described by Glantz (Glantz 1969). The equipment 
used was a digital single lens reflex camera (Finepix S5 Pro, Fujifilm, 
Japan) with Nikon AF-S Micro Nikkor (105 mm, 1:2,8G ED) lenses.

Two recordings for each test liquid were performed at baseline. 
After baseline measurements a fresh salivary film was allowed to form 
on teeth and oral mucosa, and the recordings were repeated after 5 
minutes. Two drops of each liquid were successively recorded by 
taking photographs that provided equilibrium values to be registered 
both at baseline and after 5 minutes.

The contact angles were determined with the use of a graduated 
protractor on the resultant color images.   

gsv
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Protein analysis
To determine the protein concentration in stimulated saliva samples 
the Bio-Rad Quick Start Protein Assay (Bio-Rad laboratories Inc., 
Hercules, CA 94547 USA) was used according to the procedure 
described by the manufacturer (Standard Assay Protocol). The 
absorbance was measured at 595 nm in a spectrophotometer 
(BioTek™ELx800™ Microplate Reader, Fisher Scientific, Pittsburgh, 
PA 15275 USA). The standard used was bovine serum albumin 
(Bio-Rad).

Statistical analysis - Study II
For group comparisons, chi-square tests were used. Fisher’s exact test 
was performed when appropriate. Analyses were conducted using 
SPSS for Windows version 14. Results were considered statistically 
significant if p˂0.05.

 

F igure  3 . D rop le t o f test liqu id  on  m axilla ry  inc isor.

 

F igure  4 . D rop le t o f test liqu id  on  upper lip  m ucosa.

 

Figure 3. Droplet of test liquid on maxillary incisor.

Figure 4. Droplet of test liquid on upper lip mucosa.
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RESULTS

Systematic review (I)
The number of publications retrieved, read and interpreted is 
presented in Figure 5. The database searches resulted in 224 titles and 
abstracts. After selection according to the inclusion/exclusion criteria, 
18 publications were included in the systematic review (Al-Hashimi 
et al. 1998; Almståhl et al. 2003; El-Miedany et al. 1999; Håkansson 
et al. 1994; Hay et al. 1998; Kalk et al. 2001; Kalk et al. 2002; 
Kanehira et al. 2009; Kohn et al. 1992; Lee et al. 2002; López-Jornet 
et al. 2006; Navazesh et al. 1992; Pedersen et al. 1999; Pennec et 
al. 1993; Sánchez-Guerrero et al. 2002; Sreebny and Valdini 1988; 
Wolff and Kleinberg 1998; Wolff et al. 2002). The main reasons for 
exclusion were:

• Review articles

• Animal studies

• Studies on the intervention with sialogogues  
(not only pilocarpine)

• Studies on the effect of radiation therapy

• Studies where oral dryness was a secondary outcome variable, 
i.e., studies reporting oral dryness as a secondary finding to 
e.g., treatment or medication, were also excluded

• Studies that did not comprise a control group.
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Five studies were performed in the USA (Al-Hashimi et al. 1998; 
Kohn et al. 1992; Navazesh et al. 1992; Sreebny and Valdini 1988; 
Wolff and Kleinberg 1998), two in The Netherlands (Kalk et al. 2001; 
Kalk et al. 2002), two in Sweden (Almståhl et al. 2003; Håkansson 
et al. 1994), one in Egypt (El-Miedany et al. 1999), one in Great 
Britain (Hay et al. 1998), one in Japan (Kanehira et al. 2009), one 
in South Korea (Lee et al. 2002), one in Spain (López-Jornet et al. 
2006), one in Denmark (Pedersen et al. 1999), one in France (Pennec 
et al. 1993), one in Mexico (Sánchez-Guerrero et al. 2002) and one 
in Israel (Wolff  et al. 2002).

F igure  5 . F low  chart and se lection  process in S tudy I.

P o ten tia lly  R e levan t Pub lica tions Iden tified           S e a r c h  te rm s : S aliva, xerostom ia , d iagnostic
F rom  D atabases (n=224)                                      techn iques (not p ilocarp ine).

D a ta b a s e s : P ubM ed, C ochrane L ib rary, W eb
of S c ience

20 rev iew s
P ub lica tions E xc luded on  the  B asis
o f Abstract E va lua tion (n= 144)

P o ten tia lly  R e levan t Fu ll-Text A rtic les 
R e trieved  fo r D e ta iled  E va lua tion  (n=  80)

E xcluded Pub lica tions B ased  on  the  
Fu ll-Text E va lua tion  (n=69)

O rig ina l S tud ies Inc luded
              (n=  11)

R e fe rence  lis ts

A bstracts  (n=60)

                     Pub lica tions E xc luded  on the B asis
                     o f Abstract E va lua tion (n=  36)

P o ten tia lly  R e levant Fu ll-Text A rtic les
                R etrieved  fo r D e ta iled E va lua tion  (n=  24)

E xcluded  P ub lica tions Based  on  the
                    Fu ll-Text E va lua tion  (n=  17)

O rig ina l S tud ies O rig ina l S tud ies
Inc luded  (n=11) Inc luded  (n=7)

O rig ina l S tud ies Inc luded  (n=18)

Figure 5. Flow chart and selection process in Study I.
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Study objectives and study design
Seven of the included studies aimed at examining the potential 
use of different tests or a combination of tests for the diagnosis of 
Sjögren’s syndrome (Al-Hashimi et al. 1998; El-Miedany et al. 1999; 
Håkansson et al. 1994; Kalk et al. 2001; Kalk et al. 2002; Pedersen 
et al. 1999; Pennec et al. 1993).

The remaining 11 studies described different methods for 
determining salivary hypofunction (Almståhl et al. 2003; Hay et 
al. 1998; Kanehira et al. 2009; Kohn et al. 1992; Lee et al. 2002; 
López-Jornet et al. 2006; Navazesh et al. 1992; Sánchez-Guerrero 
et al. 2002; Sreebny and Valdini 1988; Wolff and Kleinberg 1998; 
Wolff et al. 2002).

Sixteen of the studies were case control studies (Al-Hashimi et al. 
1998; Almståhl et al. 2003; El-Miedany et al. 1999; Håkansson et al. 
1994; Kalk et al. 2001; Kalk et al. 2002; Kanehira et al. 2009; Kohn 
et al. 1992; Lee et al. 2002; López-Jornet et al. 2006; Navazesh et al. 
1992; Pedersen et al. 1999; Pennec et al. 1993; Sánchez-Guerrero et 
al. 2002; Wolff and Kleinberg 1998; Wolff et al. 2002), and two were 
cross sectional studies (Sreebny and Valdini 1988; Hay et al. 1998).

Study populations 
The majority of de individuals included in the study groups were 
individuals with Sjögren’s syndrome (Table 3).

In six studies the study population consisted of individuals with 
symptoms of and/or findings of oral dryness (Kanehira et al. 2009; 
Lee et al. 2002; Navazesh et al. 1992; Sreebny and Valdini 1988; 
Wolff and Kleinberg 1998; Wolff et al. 2002). In one study, subjects 
were participants in a cross sectional general health survey, randomly 
selected from a population register (Hay et al. 1998).

The number of included individuals in the study populations 
varied between 16 and 34. Four studies did not report age and gender 
for individuals included in the study populations (Al-Hashimi et al. 
1998; Kanehira et al. 2009; Navazesh et al. 1992; Wolff et al. 2002). 
The female/male ratio in the study populations was 783/273. 
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Control groups
The control groups consisted mainly of age- and gender-matched 
healthy individuals. In two studies, the control group consisted of 
individuals with normal salivary secretion rates (Almståhl et al. 2003; 
Navazesh et al. 1992). One study (Håkansson et al. 1994) included 
individuals with symptoms of dry mouth in the control group, and in 
one study (Kalk et al. 2002) the control group consisted of individuals 
with Sjögren’s syndrome. The number of included individuals varied 
between 12 and 372.

Six studies did not report age and/or gender for individuals included 
in the control groups (Al-Hashimi et al. 1998; El-Miedany et al. 1999; 
Kanehira et al. 2009; Navazesh et al. 1992;, Pennec et al. 1993; Wolff 
et al. 2002). The female/male ratio in the control groups were 586/309.

Index test methods 
A variety of index test methods were used in the included articles 
(Table 4).
In general terms, the index tests could be divided into five categories:

1. Secretion tests; including sialometry and sialochemistry, Oral 
Schirmer’s test, secretion composition using protein separation 
techniques, total protein content, electrolyte content and 
specific protein content with immunological tests or iodine 
starch reactions (amylase) 

2. Mucosal/surface tests; including mucosal dryness/residual 
wetness tests, salivary smears and biopsies 

3. “Functional” tests; including dissolutions tests of candy or 
wafers 

4. Glandular morphology; including scintigraphy or sialography 

5. Questionnaires and/or interviews. 

Reference method
Eleven of the included studies used established criteria for the 
classification of Sjögren’s syndrome as reference methods(Al-Hashimi 
et al. 1998; Almståhl et al. 2003; El-Miedany et al. 1999; Håkansson 
et al. 1994; Hay et al. 1998; Kalk et al. 2001; Kalk et al. 2002; 
López-Jornet et al. 2006; Pedersen et al. 1999; Pennec et al. 1993; 
Sánchez-Guerrero et al. 2002). These are reported in Table 4.
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All studies used sialometry as a reference standard when evaluating 
the different index tests. However, different secretions, including 
stimulated and unstimulated glandular saliva, as well as unstimulated 
whole saliva were used (Table 4). The cut-off values defining salivary 
gland hypofunction in the studies not using the above mentioned 
reference methods are presented in Table 4. 

Diagnostic accuracy
In all studies, the results of the test method were compared to those 
of a reference method. These studies were interpreted according to 
the protocol based on the QUADAS tool (Whiting 2003).

Based on this, it can be reported that the patient selection criteria 
were not clearly described (Kanehira et al. 2009; Kohn et al. 1992; 
Lee et al. 2002; Wolff et al. 2002), and the test method (Sreebny  and 
Valdini 1988) or the reference method (Sreebny and Valdini  1988; 
El-Miedany et al. 1999; Kohn et al. 1992;  López-Jornet et al. 2006; 
Pennec et al. 1993) were not described in sufficient detail to allow 
the study to be reproduced. None of the included studies reported 
uninterpretable/intermediate results or data on observer or instrument 
variation. Authors’ judgments regarding seven of the quality items in 
the QUADAS tool (Table 2, questions no 1,4,6,9,10,11,12 and 13) 
are presented in Figure 6.

Seven of the included studies presented their results as a percentage 
of correct diagnoses (Sreebny and Valdini 1988; Al-Hashimi et al. 
1998; Kalk et al. 2002; López-Jornet et al. 2006; Pennec et al. 1993; 
Sánchez-Guerrero et al. 2002; Wolff et al. 2002). 
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Participants (II, III, IV)
Study II
Of the 200 randomly selected individuals, 120 (68 women and 52 
men, mean age 46 ± 16) answered the questionnaire (60%) and 
34 (20 women and 14 men, mean age 48 ±15) of these individuals 
participated in the complementary clinical examination.

In the dental care-seeking group, 192 (114 women and 78 men, 
mean age 50 ± 17) individuals answered the questionnaire (96%) and 
123 (74 women and 49 men, mean age 50 ±17) of these individuals 
participated in the complementary clinical examination.

Participation rate for both groups are presented in Figure 7. 

Study III
11 volunteers (5 women and 6 men) donated unstimulated whole 
saliva. Mean age of donors was 34 ±8 years.

Study IV
The distribution of participants in each group according to the 
classification made 2004 - 2006 in Study II is presented in Figure 8.
18 individuals (13 women and 5 men, mean age 57 ± 13 years) 
participated in the study.

F igure  6 . Q ua lity  assessm ent o f ind iv idua l Q U A D A S  item s presented as percentages across 
a ll inc luded stud ies.

0% 20% 40% 60% 80% 100%

W ithdrawals
ex plained

Uninterpretable tes t
res ults  reported

Relevant c lin ic al
inform ation

Index  tes t res ults
blinded

Referenc e s tandard
res ults  blinded

P art ia l verific at ion

A c c eptable referenc e
s tandard

Repres entat ive
s pec trum  of pat ients

Y es
No
Unc lear

Figure 6. Quality assessment of individual QUADAS items presented as 
percentages across all included studies.
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Figure 7. Participation rate in Study II. 

Figure 8. Participation rate in Study IV.

Assessment of subjective oral dryness (II and IV)
Study II
In the randomly selected group (n=120), 24 individuals (20.0%) 
answered “yes” to the question “Does your mouth usually feel dry?”.
The corresponding number in the dental care-seeking group (n=192) 
was 55 individuals (28.6%).
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F igure  7 . P artic ipa tion  rate  in S tudy II.
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There were no statistically significant differences regarding the 
reported subjective oral dryness between the groups (P= 0.108/ 
Fisher’s exact test). On the question related to “At what time does 
your mouth feel dry?” individuals in both groups reported that the 
sensation of dry mouth occurred during all hours, with a slight 
weight towards the morning amongst individuals with subjective oral 
dryness in the dental care-seeking group. The participants were also 
asked “How much saliva do you estimate that you generally have in 
your mouth?” (Response alternatives: too little, don’t notice and too 
much). Among those, in the dental care-seeking group, who reported 
subjective oral dryness 18 (64%) replied that they had not noticed 
anything particular regarding the amount of saliva, and one (4%) 
individual even marked too much saliva.

Study IV
Nine individuals answered “yes” to the question “Does your mouth 
usually feel dry?”. To the question “At what time does your mouth 
feel dry?” individuals reported that a sensation of dry mouth occurred 
during all hours. The participants were asked “How much saliva do 
you estimate that you generally have in your mouth?” (Response 
alternatives: too little, don’t notice it, too much). Four individuals 
replied that they had not noticed anything in particular regarding 
the amount of saliva, and five individuals reported having too little 
saliva.

All individuals reported dryness of lips, tongue, teeth and buccal 
mucosa, although in varying degrees.

Determination of salivary flow rate (II)
No statistically significant differences were found between the 
randomly selected group (n=34) and the dental care-seeking group 
(n=123) regarding unstimulated salivary flow rates (p>0.005/Fisher’s 
exact test) and stimulated salivary flow rates (p>0.005/Fisher’s exact 
test). 
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Time of saliva collection (II, III, IV)
Study II
Saliva collection was performed between 8 a.m. and 5 p.m.  
Distribution of participants with respect to time of saliva collection 
and subjective and objective oral dryness is given in Table 5.

Study III
Saliva was collected during the hours between 10 a.m. and 12 a.m. 
or 2 p.m. and 4 p.m.

Study IV
Saliva collection was performed between 8 a.m. and 7 p.m. 
Distribution of participants with respect to time of saliva collection 
and subjective and objective oral dryness is given in Table 6.

Table 5. Distribution of participants with respect to time of saliva collection and 
subjective and objective oral dryness.

Time period of saliva collection 8-10 
 a.m.

10-12  
a.m.

1-3  
p.m.

3-5  
p.m.

Randomly selected group (n=34) 9 13 6 6

Individuals with no subjective or 
objective1 oral dryness (n=16)

7 4 2 3

Individuals with objective1 oral 
dryness (n=7)

1 4 2 -

Individuals with subjective oral 
dryness (n=7)

- 4 1 2

Individuals with subjective and 
objective1 oral dryness (n=4)

1 1 1 1

Dental care seeking group (n=123) 37 36 26 24

Individuals with no subjective or 
objective1 oral dryness (n=69)

22 18 17 12

Individuals with objective1 oral 
dryness (n=14)

4 3 3                    4

Individuals with subjective oral 
dryness  (n=28)

9 13 3 3

Individuals with subjective and 
objective1 oral dryness (n=12)

2 2 3 5

1 Objective oral dryness defined as unstimulated salivary flow < 0.1 mL/m or stimulated 
salivary flow: < 0.7 mL/ml
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Table 6. Distribution of participants with respect to time of saliva collection and 
subjective and objective oral dryness.

8-10  
a.m.

10-12  
a.m.

1-3  
p.m.

3-5  
p.m.

5-7  
p.m.

No subjective or objective  
oral dryness (n=7)

1 2 2 1 1

Objective oral dryness (n=2) 1 1

Subjective oral dryness 
(n=5)

1 4

Subjective and objective  
oral dryness (n=4)

2 2

Tale 7. Prosthetic reconstruction (bridge(s) and/or partial denture(s), and full 
removable denture) in the upper and lower jaws. 

Randomly selected group Upper jaw Lower jaw n

Individuals with no subjective or objective1 
oral dryness

13% 13% 16

Individuals with objective1 oral dryness 29% 14% 7

Individuals with subjective oral dryness 57% 14% 7

Individuals with subjective and objective1 
oral dryness

25% 25% 4

Dental care seeking group

Individuals with no subjective or objective1 
oral dryness

29% 20% 69

Individuals with objective1 oral dryness 57% 50%† 14

Individuals with subjective oral dryness 29% 7% 28

Individuals with subjective and objective1 
oral dryness

25% 8% 12

1 Objective oral dryness defined as unstimulated salivary flow < 0.1 mL/m or stimulated 
salivary flow: < 0.7 mL/ml
† P< 0.05 (Fisher’s exact test) 

Clinical examination (II and IV)
Study II
The amount of prosthetic rehabilitation registered is presented in 
Table 7. Prosthetic reconstructions were identified to be more frequent 
in the maxilla than in the mandible in both groups. Individuals 
identified with subjective or objective oral dryness presented, to a 
greater extent, a history of oral rehabilitation compared to individuals 
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with no indication of oral dryness. In the dental care-seeking group 
no statistically significant differences were found between individuals 
who reported subjective oral dryness  and those who did not report in 
relation to age, DMFT and gender (p>0.005). The participation rate 
in the randomly selected group did not support statistical elaboration. 

Study IV
There were no reports of medical disorders or medications that are 
known to affect salivary gland function. 

Examination of mucosal surfaces with respect to texture and      
appearance did not reveal any pathological conditions among the 
participants.

Subjective oral dryness in relation to salivary flow rate
(II and IV)
Study II
Objective oral dryness was defined as unstimulated salivary flow   
˂ 0.1 ml/min and/or stimulated salivary flow rate ˂0.7 ml/min. In 
Figures 9 and 10, the unstimulated and stimulated salivary flow rates 
for perceived oral dryness are presented for both groups.

Based on the answers found in the questionnaire and the sialometric 
values the individuals were designated into the following groups: 
(1) individuals with no subjective or objective oral dryness, (2) 
individuals with objective oral dryness, (3) individuals with subjective 
oral dryness, and (4) individuals with subjective and objective oral 
dryness.

Study IV
Based on the sialometric values and the answers found in the 
questionnaire the participants were once again designated into the 
groups identified in Study II. The distribution of participants is 
presented in Figure 8.
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F igure  9 . U nstim u la ted  and s tim u la ted  sa livary  flow  ra tes w ith respect to perce ived ora l 
d ryness in  the random ly se lected  group.

Figure 9. Unstimulated and stimulated salivary flow rates with respect to 
perceived oral dryness in the randomly selected group.
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perceived oral dryness in the dental care-seeking group.
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Non-participants (II and IV)
Study II
Questionnaire
In the randomly selected group, 40% (n=80, 42 women and 38 men) 
did not answer the questionnaire. They were distributed as follows 
according to age: 15 individuals aged 20 to 29, 17 individuals aged 
30 to 39, 12 individuals aged 40 to 49, 18 individuals aged 50 to 59 
and 18 individuals aged 60 and above.

In the dental care-seeking group 4% (n=8, 3 women and 5 men) 
did not answer the questionnaire.

Clinical examination
Of the 120 individuals who answered the questionnaire in the 
randomly selected group, 86 individuals (48 women and 38 men, 
mean age 45.30± SD 15.72) did not participate in the clinical 
examination. 29% of these individuals had no telephone number 
registered. Those who had a telephone number registered were 
contacted. The majority of those who were contacted stated that 
they had no apparent salivary dysfunction and therefore felt no need 
to participate further in the study.

In the dental care-seeking group, 69 individuals (40 women and 
29 men, mean age 49.91± SD 17.27) declined to participate in the 
clinical examination mainly due to lack of time.

Study IV
Information regarding the study was sent out to 20 randomly selected 
individuals (10 women and 10 men) in the group with no subjective or 
objective oral dryness. Four women and 8 men declined to participate 
due to lack of time. 

From the original 14 participants (9 women and 5 men) in group 2 
(objective oral dryness) in Study II, 2 individuals had moved to other 
parts of Sweden. In group 3 (subjective oral dryness) with original 
28 participants (17 women and 11 men), 2 individuals had moved 
to other parts of the country (2 women), and 3 had no telephone or 
address registered (2 women and 1 man).

In group 4 (subjective and objective oral dryness), which was 
originally comprised of 12 participants (10 women and 2 men),  
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1 individual (1 man) had moved from the area, and 1 individual  
(1 woman) had no telephone or address registered. 

The main reason for declining to participate in Study IV (groups 
2, 3, and 4) was the reluctance to take time off from work. All 
individuals were contacted by telephone. 

Viscoelastic data (III and IV)
Study III
Small amplitude oscillatory shear
Figure 11 displays the storage modulus (G’) as a function of time 
for the measurements performed with small amplitude oscillatory 
shear (ARES). The storage modulus of most of the saliva samples 
increases as a function of time and then stabilizes after about 1200 
seconds. All samples but four, S7, S8, S9 and S11, exhibited a high 
degree of viscoelasticity and a moderate level of elasticity after 1200 
seconds, having phase angles < 30°and a storage modulus between 
0.15 and 2.1 Pa when subjected to linear behavior, i.e., at rest (Table 
8). The results obtained from the linear measurement thus indicate 
that samples S3, S6, S4 and S2, with G’ values between 1.2 and 2.1 
Pa and δ values below 30° have the highest degree of structure.

Free amplitude oscillatory shear
Figure 12 shows that the Gel Strength Index, SGSI, of most of the 
saliva samples show linear elastic values during the time of the 
measurement. The viscosity of the saliva samples in the BOCR, 
ranged between 0.69-3.56 mPa s with an average of 1.77 mPa s, 
which is in line with what has previously been measured.
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F igure  11 . A res v iscoe lastic  data .
S a liva  s to rage m odu lus (G ’) as a function  of tim e a t T=37°C
E ach partic ipant denoted as S  for sub ject.

Figure 11. Ares viscoelastic data. Saliva storage modulus (G’) as a function of 
time at T=37°C. Each participant denoted as S for subject.

F igure  12 . B O C R  v iscoe lastic  data .
S G S I = η’/(η −1) p lo tted  as a  function  o f tim e at T=22°C .
E ach partic ipant denoted as S  for sub ject.

Figure 12. BOCR viscoelastic data. SGSI = h’/(h −1) plotted as a function of 
time at T=22°C. Each participant denoted as S for subject.

Table 8. Storage modulus and phase angle values of the samples studied  
after 1200 s at 37°C. 

Sample G’ (Pa) δ, °
S1 0.9 14

S2 2.1 18

S3 1.2 24

S4 1.6 27

S5 0.56 18

S6 1.4 17

S7 0.53 46

S8 0.12 33

S9 0.19 33

S10 0.15 25

S11 0.03 51
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Study IV
The values of viscosity and elasticity were recorded at start and   
after 20 minutes of continuous monitoring (Table 9). The values 
for viscosity increased for all four groups between start and 1200 
seconds. The group with subjective oral dryness displayed the lowest 
average viscosity value of 1.60 mPa s and the lowest average value of 
elasticity of 0.015 Pa at start. The values for elasticity are constant for 
groups 1 and 3, while the values decrease for groups 2 and 4 between 
start and 1200 seconds.

The values for viscosity decreases in the following order among the 
groups at 1200 seconds: objective oral dryness (2) > subjective and 
objective oral dryness (4) > no subjective or objective oral dryness (1) 
> subjective oral dryness (3). The corresponding decrease in elasticity 
is as follows: objective oral dryness (2) > no subjective or objective 
oral dryness (1) > subjective and objective oral dryness > subjective 
oral dryness (3). 

Table 9. Values for viscosity (mPa s) and elasticity (Pa) at start and 1200 s. 

Group Viscosity 
Start

Elasticity 
Start

Viscosity 
1200 s

Elasticity 
1200 s

No subjective 
or objective  
oral dryness 
(n=7)

Mean 2.44    
Range 
1.20-4.40

Mean 0.030  
Range 
0.00746-
0.05857

Mean 3.56    
Range 
1.60- 6.90

Mean 0.030      
Range 
0.00746-
0.04482

Objective 
oral dryness 
(n=2)

Mean 6.85    
Range 
2.40-11.30

Mean 0.062 
Range 
0.03325-
0.09105

Mean 8.90 
Range 
3.60-14.20

Mean 0.047 
Range 
0.03143-
0.06291

Subjective 
oral dryness 
(n=5)

Mean 1.60   
Range 
1.30-1.90

Mean 0.015 
Range 
0.01016-
0.01962

Mean 2.54 
Range 
1.70-2.90

Mean 0.015 
Range 
0.00922-
0.01757

Subjective 
and objective  
oral dryness 
(n=4)

Mean 3.75    
Range 
1.40-6.00

Mean 0.031 
Range 
0.02532-
0.03501

Mean 4.08 
Range 
1.90-6.50

Mean 0.022 
Range 
0.01339-
0.02667
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Multiple attenuated internal reflection spectroscopy (IV)
Figure 13 presents a representative spectrum of unstimulated human 
whole saliva associated to a clean germanium prism. The Amide I 
(C=O stretch, 1653 cm-1), Amide II (N-H deformation, 1545 cm-1) 
and N-H stretch (3300 cm-1) peaks are specific for saliva at their 
respective wave numbers, and usually detected in proteinaceous 
material.  
Peak areas for the three main absorption bands are presented for the 
four groups in Table 10.

The area for Amide I+II and N-H is slightly smaller for the group 
with subjective oral dryness in comparison to the other groups. The 
absorption area for Amide I + II correlates with the values of the 
measured protein concentration of the saliva. The smaller area for 
N-H might indicate fewer hydrogen bonds between water and N-H 
groups when the saliva associates with a surface. 

F igure  13 . M AIR  in fra red spectroscopy of hum an w ho le  sa liva .
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Figure 13. MAIR infrared spectroscopy of human whole saliva.
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Table 10. Peak maximas for the three main absorption bands N-H, Amide I  
and Amide II (cm-1) and calculated areas for N-H, Amide I and Amide II. 

N-H cm-1 Area N-H Amide I 
cm-1

Amide II 
cm-1

Area 
Amide 
I+Amide II

No subjec-
tive or ob-
jective oral 
dryness 
(n=7)

3315 Mean 
7.08 
Range 
0.86-
17.40

Mean 
1648 
Range 
1643-
1653

Mean 
1545 
Range 
1537-
1548

Mean 
2.42 
Range 
0.30-6.84

Objective 
oral dry-
ness (n=2)

3315 Mean 
10.0 
Range 
6.56-
13.41

1648 
Range 
1648-
1648

Mean 
1542 
Range 
1537-
1546

Mean 
3.89 
Range 
2.90-4.87

Subjec-
tive oral 
dryness 
(n=5)

3315 Mean 
3.46 
Range 
0-7.71

Mean 
1651 
Range 
1648-
1657

Mean 
1544 
Range 
1541-
1548

Mean 
1.92 
Range 
0-3.67

Subjective 
and objec-
tive oral 
dryness 
(n=4)

3315 Mean 
11.09 
Range 
5.66-
19.94

Mean 
1650 
Range 
1648-
1652

Mean 
1543 
Range 
1537-
1546

Mean 
3.91 
Range 
0-9.57

Surface tension (IV)
Values for surface tension, for each individual, are given in Table 11 
at 30 seconds and 600 seconds. For all samples, the surface tension 
(liquid/air interface) of whole saliva is reduced after 600 s. The range 
of surface tension decrease is similar in groups 1 (0.2 -5.6 mN/m) and 
3 (0.2-6.7 mN/m, and group 4, which shows the narrowest range of 
decrease in surface tension (0.7-3.4 mN/m). In group 2, representing 
objective oral dryness, the range is the largest, with a decrease in 
surface tension between 2.9 -10 mN/m.

Clinical wettability measurements (IV)
Two photographs were taken of each contact angle created by the 
test liquid-surface interaction, i.e., four angles were recorded, at both 
baseline and after 5 minutes. Although the recordings were made 
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when the liquid had stopped spreading over the surface, the smallest 
contact angle was chosen to represent a mechanical equilibrium. 

Contact angle values of the clean liquids of glycerol and methylene 
iodide, on tooth surfaces and oral mucosal surfaces at baseline and 
after 5 min are presented in Tables 12 and 13.

 It can be noted that the wettability of the saliva coated tooth 
surfaces decreases for the polar liquid glycerol for the group with 
subjective oral dryness, indicating a less hydrophilic saliva coat. A 
decrease can also be seen for the group with objective oral dryness, 
but the decrease is not as marked as for the group with subjective 
oral dryness.  

The wettability of the saliva coated mucosal surfaces increases for 
the polar liquid glycerol in all groups indicating a more hydrophilic 
saliva coat. The group with objective oral dryness exhibits the 
greatest change. 

Protein content (IV)
The protein content in stimulated whole saliva as well as the pH 
value of unstimulated and stimulated saliva is presented in Table 14. 
The groups with objective and subjective and objective oral dryness 
display slightly larger amounts of proteins compared to the two other 
groups.

No significant differences in pH for unstimulated and stimulated 
saliva are noted between the four groups.
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Table 11. Surface tension (mN/m) at 30 s and 600 s. Numbers denoting 
group (1- no subjective or objective oral dryness, 2- objective oral dryness, 3- 
subjective oral dryness, 4- subjective and objective oral dryness) and included 
individual -1,-2 etc. in each group. 

30 s 600 s Diff. 30s-600s

1-1 63.7 63.5 -0.2

1-2 58.1 55.7 -2.4

1-3 62.4 60.8 -1.6

1-4 62.3 59.5 -2.8

1-5 47.9 46.5 -1.4

1-6 62.3 57.9 -4.4

1-7 61.9 56.3 -5.6

2-1 60.1 57.2 -2.9

2-2 59.5 49.4 -10.1

3-1 54.0 51.7 -2.3

3-2 58.7 55.8 -2.9

3-3 56.4 52.4 -4.0

3-4 63.2 63.0 -0.2

3-5 63.7 57.0 -6.7

4-1 59.0 55.6 -3.4

4-2 62.7 59.9 -2.8

4-3 52.1 51.4 -0.7

4-4 56.6 53.9 -2.7
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Table 12. Contact angles for glycerol (G) and methylene iodide (M) on tooth 
at baseline and 5 min. Numbers denoting group (1- no subjective or objective 
oral dryness, 2-objective oral dryness, 3- subjective oral dryness, 4- subjective 
and objective oral dryness) and included individual -1,-2 etc. in each group. 

Contact 
angle tooth 
baseline (G)

Contact angle 
tooth  

5 min (G)

Contact 
angle tooth 
baseline (M)

Contact angle 
tooth 5 min 

(M)

1-1 68 ˂ 10                                         57 45

1-2 25 28 30 40

1-3 30 65 41 38

1-4 26 25 53 48

1-5 63 ˂ 10                                                                                                  43 43

1-6 60 60 60 51

1-7 55 55 44 49

2-1 56 56 50 40

2-2 66 70 70 52

3-1 36 24 37 29

3-2 56 54 57 55

3-3 34 61 38 54

3-4 35 54 36 38

3-5 ˂ 10                                                                                                  54 41 43

4-1 55 56 43 34

4-2 44 0 30 36

4-3 37 ˂ 10                                                                                                      43 37

4-4 71 63 72 52
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Table 13. Contact angles  for glycerol (G) and methylene iodide (M) on oral 
mucosa at baseline and 5 min. Numbers denoting group (1- no subjective or 
objective oral dryness, 2- objective oral dryness, 3- subjective oral dryness, 
4- subjective and objective oral dryness) and included individual -1,-2 etc. in 
each group. 

Contact angle  
oral mucosa 
baseline (G)

Contact angle 
oral mucosa 
5 min  (G)

Contact angle 
oral mucosa 
baseline (M)

Contact angle 
oral mucosa 
5 min  (M)

1-1 40 ˂10 38 54

1-2 36 38 35 25

1-3 56 57 43 35

1-4 48 36 64 83

1-5 42 ˂10 44 37

1-6 26 59 42 48

1-7 35 50 40 50

2-1 37 33 50 ˂10

2-2 48 ˂10 77 50

3-1 31 42 31 ˂10

3-2 48 ˂10 47 45

3-3 48 53 57 45

3-4 57 55 49 50

3-5 41 40 33 36

4-1 55 60 0 38

4-2 62 0 51 42

4-3 70 48 48 53

4-4 54 63 62 52
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Table 14. Protein content (mg/ml) and pH.

Protein content 
(mg/ml)

pH unstimulated 
saliva

pH  
stimulated saliva

No subjective or 
objective  oral 
dryness (n=7)

Mean 0.61 
Range 
0.44- 0.98

Mean 7.09 
Range  
7.00-7.40

Mean 7.46 
Range 
7.20- 7.80

Objective oral 
dryness (n=2)

Mean 1.01   
Range  
0.84 -1.18

Mean  7.00 
Range 
7.00- 7.00

Mean 7.50 
Range 
7.40- 7.60

Subjective oral 
dryness (n=5)

Mean 0.70 
Range  
0.50-0.83

Mean 7.02 
Range 
6.80- 7.20

Mean 7.44 
Range 
7.00- 7.60

Subjective and 
objective  oral 
dryness (n=4)

Mean 1.26   
Range  
0.55-2.34

Mean 7.10 
Range 
7.00- 7.20

Mean 7.45 
Range 
7.20- 7.60



84

DISCUSSION

Discussion on methods
Systematic review (I)
The aim of the method of systematic literature review is to identify 
and evaluate all available research evidence relating to a particular 
objective. An essential part of any systematic review is the quality 
assessment of individual studies. Aspects such as study design, methods 
of sample recruitment, execution of the tests, and completeness of the 
study report relate to the overall quality. The results of a systematic 
review will be biased if the results of individual studies are synthesized 
without any consideration of quality in items of potential for bias, 
lack of applicability, and the quality of reporting.

The strategy for undertaking the systematic review was a 
method adopted according to Goodman (Goodman 1993) which 
is an acknowledged methodology for systematically reviewing the 
literature. This model fulfills the criteria of repeatability.

To obtain as much information as possible, there is a need to 
include multiple data bases, and therefore three comprehensive 
databases were used in the search. Furthermore, the reference lists 
of retrieved articles were hand-searched. Four reviewers screened 
all titles and abstracts independently to avoid subjectivity. When an 
abstract was considered by at least one reviewer to be relevant, the 
full text was obtained for independent assessment against the stated 
inclusion criteria.

Articles written in another language than English were, however, 
excluded. It seems likely that this will introduce bias and valuable 
additional information might be disregarded. The fact that many 
systematic reviews exclude articles written in another language than 
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English might be due to the requirement of translation, which will 
increase costs and delay the conclusion of a review. A retrospective 
analysis of language bias in meta-analyses of controlled clinical 
trials suggested that the exclusion of publications written in another 
language than English had little effect on summary treatment effect 
estimates (Jüni et al. 2002). However, it is difficult to predict the 
importance of non-English language trials for individual systematic 
reviews. To assess the contribution of all relevant trials in a systematic 
review, it is of importance to conduct a comprehensive literature 
search, independent of language of publication, followed by 
assessment of trial quality. 

The QUADAS tool (Whiting et al. 2003) was used to assess the 
included studies. This tool was the first systematically developed, 
evidence based quality assessment tool to be used in systematic 
reviews of diagnostic accuracy studies. The advantage of using this 
tool is the detailed explanation and description of items and how 
to score these. The protocol can be adjusted since an additional file 
with original questions for inclusion exists. However, when scoring 
an item as unclear it is difficult to be certain if this indicates poor 
methods with the attendant consequences for bias and/or variation, 
or simply poor reporting of a methodologically sound study. 

The fact that there is no global consensus regarding the terminology 
of oral dryness creates a problem when searching articles. This is 
illustrated when using Medical Subject Headings (MeSH). These are 
used for indexing articles in PubMed and in the MeSH database 
xerostomia is defined as decreased salivary flow. This might partially 
explain why only 18 articles out of 224 identified were included in 
the review. 

The accessibility of publications is another aspect, not only 
when conducting systematic reviews, of importance, but also when 
considering the dissemination of research findings. Open access 
journals provide articles freely available on the World Wide Web. 
This model of access is mostly funded by charges paid by the author. 
It has been shown that open access articles are more immediately 
recognized and cited by peers compared to non-open access articles 
(Eysenbach 2006). Making open access publishing mandatory for 
grantees could benefit knowledge translation into practice. 
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Selection of subjects (II, III, IV) 
In Study II two populations were analyzed. One randomly selected 
population was examined and, stratified according to age, comprising 
200 individuals in the Malmö region drawn from the public 
registration of all nationally registered persons in Sweden (SPAR), 
with an even gender distribution. Each age cohort was comprised 
of 40 individuals. Random sampling, or probability sampling, gives 
each unit of a population equal probabilities of being chosen. This 
group could be considered as representative for the population in the 
Malmö region. The dental care- seeking group was recruited among 
patients attending the Department of Oral Diagnostics, Faculty of 
Odontology, Malmö University. This group was selected since a 
greater proportion of individuals expressing subjective oral dryness 
was assumed to be identified in this group. Individuals were asked 
consecutively, on different days of the week, to participate in the 
study. However, this group could be considered as a convenience 
sample, or non-probability sample. The disadvantage of non-
probability sampling is a greater scope for bias, since subjective 
judgments play a role in the outcome of the selection of the sample. 
This kind of sampling technique limits the potential to generalize 
from the findings of the sample to the wider population. 

In Study III, a convenience sample of 11 healthy volunteers employed 
at The Swedish Institute for Food and Biotechnology (SIK), Göteborg 
was selected. Rheological properties of unstimulated saliva were 
characterized using an ARES-G2 rheometer. This kind of equipment 
is large sized and expensive and developed for research purposes. 
Furthermore, this paraphernalia does not exist in the clinical setting. 
Due to the rapid degradation of proteins, rheological measurements 
have to be performed on freshly expectorated saliva and therefore 
individuals have to be in direct vicinity to the test equipment.

Individuals from the dental care-seeking group in Study II were   
recruited to Study IV, with the aim to characterize film-forming 
properties of saliva in subjects with and without oral dryness. Since 
nine to eleven years had elapsed between the executions of the studies, 
some of the individuals in the different groups to be examined had 
moved to other parts of the country, and presumably a few were 
deceased. Individuals were thus included upon availability. This 
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group can also be considered as a convenience sample and thus not 
representative of the population, which could influence the results. 

Assessment of subjective oral dryness (II and IV) 
A questionnaire addressing the individuals’ perception of oral dryness 
was used in Studies II and IV. Questions were chosen from different 
scientifically validated questionnaires (Fox et al. 1997; Navazesh et 
al. 1992). Questions associated with oral dryness during food intake 
have been shown to be indicative of salivary hypofunction. However, 
these questions have only been validated among individuals with 
perceived oral dryness (xerostomia) and concomitant low salivary 
flow rates (Fox et al. 1997). Thus, the utility of these questions 
for identifying all individuals with oral dryness among a general 
population remains unclear. The question “Does your mouth 
usually feel dry?” (Nederfors et al. 1997) which was used in the 
questionnaires in both Study II and Study IV might be more valid 
since it includes a temporal component. An individual who reports 
that his/her mouth usually feels dry is likely to be a chronic sufferer 
of the condition. 

The questionnaire was supplemented with a visual analogue 
scale (VAS) in Study IV. This visual analogue scale was developed 
to predict salivary gland dysfunction (Pai et al.2001).Since many 
of the questions reported in the literature mainly refer to salivary 
gland output, i.e., quantity of saliva secreted, participants were also 
asked to describe, in free text, the sensation in the mouth and how 
they perceived their saliva, as an attempt to intercept qualitative 
changes that could be measured in saliva using specific methods at 
that particular time.

The fact that not only quantity is of importance for the perception 
of oral dryness indicates that there is a need for development of 
questions related to the quality of saliva. 

Determination of salivary flow rate (II and IV)
Determination of salivary flow rates was performed according to 
established protocols (Navazesh and Kumar 2008). Cut-off values 
for very low unstimulated saliva and stimulated saliva, ˂0.1 ml/min 
and ˂ 0.7 ml/min respectively, were used (Ericsson and Hardwick 
1978; Sreebny and Valdini 1988). According to the literature there 
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is vast variation related to collection procedure including type of 
stimulation, time of collection, and choice of secretion. The fact 
that considerable variation exists in the normal range of salivary 
flow rates and since it is not known to what level salivary gland 
output has to be diminished before it will be clinically significant, the 
validity and reliability of this method to identify salivary dysfunction 
has to be questioned. Hence, to determine the adequacy of salivary 
function for an individual at an isolated time, average population 
based salivary flow rates are not useful.

Characterization of viscoelastic and film-forming properties 
of saliva (IV)
The protective functions of saliva are performed both through and 
within the bulk liquid phase of saliva, but maybe more implicit 
through saliva components being dynamically associated as a thin 
intermediary film on all surfaces exposed in the oral cavity. For 
instance, examples of qualitative protective functions of surface 
associated saliva would be the film-forming capacity and rheological 
characteristics of saliva.

Rheometry
The BOCR has been developed for measuring rheological properties 
of fluids, and has previously been used for monitoring blood plasma 
coagulation (Rånby et al. 2003). This technique allows for the 
determination of viscosity and elasticity of low moduli fluids using 
small volume samples. The design and size of the rheometer makes it 
suitable for the clinical setting. Furthermore, this method measures the 
resistance of the fluid to deformation, i.e., the non-linear viscoelastic 
region, which can mimic the forces acting in the oral cavity. The 
BOCR actually only probes the sample near the wall of the cell and 
this might give information on how salivary macromolecules from 
the bulk move toward the wall. However, the strain deformation 
cannot be controlled, thus leading to different strain deformation 
levels in the samples to be compared. 

Multiple attenuated internal reflection spectroscopy
The technique of infrared spectroscopy was chosen to determine 
functional groups of associated salivary molecules. Salivary films 
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were allowed to form on the germanium prisms placed intraorally 
under the upper lip of the participants for 3 minutes. The prisms 
were then allowed to air dry for approximately 15 minutes and 
then analyzed by IR spectroscopy. The prisms were not rinsed in a 
controlled way since the scope was to explore the amount of material 
available for film formation. Consequently, the results reflect what 
is added or associated to the surface but not to what is adsorbed to 
the surface.

Surface tension
This technique was chosen to describe the adsorption rate of proteins 
at the saliva/air interface. The value of the surface tension is an 
indirect measure of the amount and conformation of surface active 
components/molecules that are accumulated at the interface liquid/
air. The dynamic measurement mode which identifies the change 
in liquid surface tension value over time may indirectly indicate 
the spreading and adhesion potential of saliva to oral tissues. This 
method also allows determination of surface tension of small liquid 
test samples.

Throughout the study, i.e., before and in between every 
measurement, the accuracy and precision of the method was tested. 
This was accomplished by using ultrapure water (Type 1, Milli-Q®). 
At room temperature, the measured surface tension of water was 
71.30± 0.12 mN/m, corresponding well with data reported in the 
literature (Adamczyk 1997).

Crucial points of consideration using this methodology are the need 
of performing the measurements immediately after saliva collection, 
having a definite required sample volume, to avoid air bubbles to be 
aspired into the syringe, and the risk of contamination from food 
components and cosmetics.

Clinical wettability measurements
The clinical adhesiveness of salivary films present on teeth and oral 
mucosa was assessed by an indirect technique measuring contact 
angles from photographs taken when clean test liquids with calibrated 
surface tension values were allowed to interact with the surfaces. In 
order to obtain a correct angle of contact, a state of mechanical 
equilibrium must be reached and maintained. Movements can disturb 
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the state of mechanical equilibrium, and therefore, the test   person 
must be comfortably positioned. Repeated measurements were not 
performed since exact contact angles were not sought. The test liquid 
was brought into contact with the solid surface with a platinum wire, 
forming a sessile drop. 

The contact angles for each test liquid at baseline and after 5 minutes 
captured at 2 photographs were determined by two examiners. A 
difference of ± 2 degrees between examiners contact angle measures 
was considered within the normal range. Measurements were done 
on photographs using a protractor. The lowest contact angle value for 
each test liquid at baseline and after 5 min was chosen to represent 
a mechanical equilibrium. 

Data obtained from contact angle measurements with polar and 
non-polar liquids are quite difficult to interpret due to the complexity 
of the salivary film adsorbed to oral tissues. Furthermore, the 
technique is time consuming and requires equipment and skills that 
cannot be expected to be met in a clinical setting. 

Discussion on results
Systematic review (I)
The aim of the systematic review was to evaluate the quality of the 
evidence for the efficacy of diagnostic methods used to identify oral 
dryness.

Seven of the included studies presented their results as a percentage 
of correct diagnoses (Al-Hashimi et al. 1998; Kalk et al. 2002; López-
Jornet et al. 2006; Pennec et al. 1993; Sánchez-Guerrero et al. 2002; 
Sreebny and Valdini 1988; Wolff et al. 2002). All of these studies 
evaluated an index test, or a combination of tests, for identifying 
salivary gland hypofunction. Five of the studies compared the results 
of the index test in patients with an established diagnosis of the target 
condition with its results in healthy controls or controls with another 
diagnosis. (Al-Hashimi et al. 1998; Kalk et al. 2002; López-Jornet 
et al. 2006; Pennec et al. 1993; Sánchez-Guerrero et al. 2002). This 
design has inherent problems that may lead to bias. The inclusion of 
healthy controls is likely to lead to over estimations of specificity and 
the selective inclusion of cases with more advanced disease is likely 
to lead to over estimations of sensitivity.
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 Furthermore, the studies using sialometry as a reference method 
revealed heterogeneity with respect to source of secretion whether 
unstimulated or stimulated. Cut-off values defining salivary gland 
hypofunction also varied. As stated earlier, without proper individual 
baseline information, it is almost impossible to ascertain if the level 
of a patient’s salivary flow rate is below the “normal” (Ship et al. 
1991). When using sialometry for diagnosing salivary dysfunction 
it can be argued if the method is used as a diagnostic tool or rather 
as a test for verification of an already established condition. The 
reference standard should represent the best available method to 
detect a disease or a condition. Cut-off values have been proposed 
for unstimulated and stimulated whole saliva, but these values have 
not been validated. This, in combination with that secretions from 
individual glands have been used as reference standard, makes it 
impossible to make comparisons between studies.

Another difficulty encountered in the literature is the lack of 
consistency regarding the terminology of oral dryness, which is a 
problem for research design and dissemination of research results, 
diagnostics, and decision on therapy. As for research, this problem is 
illustrated when using Medical Subject Headings (MeSH). Medical 
Subject Headings (MeSH). MeSH is the National Library of 
Medicine’s controlled vocabulary thesaurus used for indexing articles 
for PubMed. The MeSH database defines xerostomia as decreased 
salivary flow, which is incorrect since a sensation of oral dryness can 
occur in subjects with what is considered as normal salivary flow 
rates.

This review confirmed the conclusions in several previous studies, 
i.e., that no consistency exists in the terminology and definition of 
oral dryness. In order to be able to draw conclusions from studies 
performed on oral dryness there is an urge to agree on standardized 
techniques to collect whole saliva using clinically applicable and 
validated methods. A consensus regarding how to view low cut-off 
values has to be achieved. Very low cut-off values for salivary flow 
secretion rates should, most probably, be seen as a verification of an 
already established condition.    
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Participation rate and non-participants (II and IV) 
In the randomly selected group, 120 individuals (60%) answered 
the questionnaire and 34 of these participated in the complementary 
clinical examination. In the dental care-seeking group, 192 individuals 
(96%) answered the questionnaire and 123 of these participated in 
the complementary clinical examination.

One reason for a higher participation rate in the dental care- 
seeking group could have been that individuals were asked, in 
person, to answer the questionnaire and to participate in the clinical 
examination.

In Study II, the number of non-participants (determination 
of salivary flow rate and clinical examination) in the randomly 
selected group (n=166) is a major factor affecting the outcome. 
Non-participants were contacted and the majority stated that they 
had no apparent salivary dysfunction. However, this only refers to 
the perceived sensation of oral dryness and does not exclude the 
possibility of an existing physiological deficiency, since a deficiency 
can exist without perceived dysfunction. This might be due to that 
potential participants are more likely to participate in a study that 
encompasses an issue which is particularly salient to the participants’ 
lives.

In Study IV only 18 individuals, mainly women, accepted to 
participate. The main reason for declining to participate was the 
reluctance to take time off from work. A monetary incentive might 
have increased the participation rate to some extent. If individuals 
participating in Study II had been informed of a follow-up study, a 
higher participation rate might have been achieved in Study IV.

The extent to which non-participation is associated with the 
exposure, outcome, or relation of interest is of importance when 
assessing non-participation bias. The non-response was not analyzed 
and thus the bias cannot be evaluated.

Time of saliva collection (II, III, IV)
A circadian rhythm has been shown to influence salivary flow rates, 
with peak flow in the late afternoon (Dawes 1974).

In Study II, saliva collection was performed between 8 a.m. and         
5 p.m. A circadian rhythm has been reported for the unstimulated 
salivary flow rate in individuals with normal salivary flow rates as 
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well as in individuals with hyposalivation (Dawes and Ong 1973; 
Flink et al. 2005) resulting in lower flow rates in the morning 
as compared to late in the afternoon. 70% of the participants in 
the dental care-seeking group and 74% of the participants in the 
randomly selected group donated saliva between 10 a.m. and 5 p.m. 
Of these individuals, 55% in the dental care-seeking group and 36% 
in the randomly selected group displayed no subjective or objective 
oral dryness. Had saliva collection been performed before 10 a.m. 
presumably a larger number of individuals with objective oral dryness 
might have been identified. On the other hand, if the aim is to identify 
individuals with low salivary flow rates it would be more accurate 
to perform measurements when the flow rate is expected to be at its 
peak, i.e., late in the afternoon.

In Study III, saliva was collected during the hours between 10 a.m. 
and 12 a.m. or 2 p.m. and 4 p.m. The salivary secretion rates for 
unstimulated saliva, among the volunteers, had been established to be 
normal (> 0.2 ml/min) prior to the study. These tests were performed 
between 8 a.m. and 9 a.m.

In Study IV, saliva collection was performed between 8 a.m. and 
7 p.m. Six individuals out of 7, with no subjective or objective oral 
dryness donated saliva between 10 a.m. and 7 p.m. All 5 individuals 
in the group with subjective oral dryness donated saliva between 
10 a.m. and 3 p.m. The mean unstimulated salivary flow rate for 
the group with no subjective or objective oral dryness was 0.67 ml/
min (range 0.41-0.94 ml/min) and for the group with subjective 
oral dryness 0.53 ml/min (range 0.34 ml/min- 0.99 ml/min). These 
values do not support the hypothesis that an additional number of 
individuals with objective oral dryness would have been identified 
in these groups if saliva collection had been performed before 10 
a.m., considering an increase of 0.08-0.09 ml/min (Flink et al. 2005). 
However, it has been shown that healthy individuals, under normal 
circumstances, can maintain oral health with very little salivary 
fluid (Ship et al. 1991). Baseline data and changes over time, of both 
quantitative and qualitative parameters, would be more meaningful 
to explore in order to identify individuals susceptible to the effects 
of salivary dysfunction.
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Assessment of subjective and objective oral dryness           
(II and IV)
In Study II, 20.0% of the individuals in the randomly selected group 
(n=120) and 28.6% of the individuals in the dental care-seeking group 
(n=192) stated subjective complaints of oral dryness (questionnaire). 
This does not support the hypothesis that the prevalence of subjective 
oral dryness is higher among individuals seeking dental care compared 
to a randomly selected group.

A significant difference in prevalence between men and women 
regarding the reported subjective perception of oral dryness has been 
reported in the literature (Nederfors et al. 1997). Such significance 
could not be established in Study II, probably due to the number 
of completed questionnaires (n=312). Despite the low participation 
rate, the prevalence of subjective oral dryness in Study II is fairly 
comparable to that which has been reported in studies with higher 
participation rate.

 No association between the subjective feeling of oral dryness and 
unstimulated and stimulated salivary flow rates was found in Study 
II. This is in accordance with results reported in the literature (Fox 
et al. 1985; Sreebny and Valdini 1988, Hay et al. 1998). This might 
imply that other aspects, such as the rheological properties and the 
quality of the adsorbed salivary film, is of more importance for the 
perception of oral dryness. These aspects could be of importance, not 
only for the perception, but also for how saliva exerts its protective 
functions. The question “How much saliva is enough” was posed in 
1991 (Ship et al. 1991) and an attempt to define normal function was 
made. However, the results in this study demonstrate the difficulty 
in defining normal function. Since average salivary flow rates in 
a population are not useful to determine the adequacy of salivary 
function for an individual at an isolated time, monitoring of secretory 
function longitudinally is needed. With the techniques available 
today, it would be of interest to collect salivary data on a daily basis 
in order to monitor changes that may affect protective functions. 

In Study IV, participants were once again designated into the 
groups established in Study II, based on the subjective perception 
of oral dryness at the day of saliva collection and/or objective oral 
dryness. 

One participant (female) with no subjective or objective oral 
dryness in Study II was redesignated into the group with subjective 



95

oral dryness in Study IV. One participant (male) with subjective oral 
dryness in Study II was redesignated into the group with subjective 
and objective oral dryness, one participant (male) previously with 
objective oral dryness was redesignated into the group with subjective 
and objective oral dryness, and one participant (female) previously 
with subjective and objective oral dryness was redesignated into 
the group with subjective oral dryness. In Study IV, none of the 
participants reported medical disorders or having used medications 
that are known to affect salivary gland function. It is interesting to 
note, that the transition occurs between the groups with subjective 
and/or objective oral dryness excluding the group with no subjective 
or objective oral dryness. In order to explore a correlation between 
subjective oral dryness and qualitative changes in saliva the individual 
has to report symptoms when tests are performed. In Study IV, 
an affirmation of perceived oral dryness was a prerequisite for 
performing measurements.

Characterization of viscoelastic and film-forming properties 
of saliva (III and IV)
Viscoelastic properties of saliva
As mentioned before, viscosity is a measure of a fluid’s resistance to 
flow, and elasticity represents the degree of molecular structure in 
the fluid.

In Study II it was shown that the BOCR can be used to give an 
indication of gel strength and structure resistance to breakdown 
during shear in viscoelastic samples being sheared in their non-linear 
viscoelastic region through assuming a Saliva Gel Strength Index, 
SGSI.

The Gel Strength Index, SGSI, of most of the saliva samples studied, 
showed linear elastic values during the time of the measurement. The 
reason for this linear behavior as compared to the increase in elasticity 
for the ARES measured saliva samples could be explained by the 
measurement parameters. The ARES measurements are performed 
in the linear viscoelastic region of the saliva, which means that the 
saliva samples are studied without any significant impact on their 
structure. The BOCR measurements are most probably performed in 
the non-linear viscoelastic region of the saliva samples, preventing the 
formation of solid-like surface films. As for the ARES measurements 
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it was clearly seen that the degree of elasticity differed between the 
saliva samples and this may again be explained by the concentration 
and composition, with the resulting differences in average molecular 
weight, of the structure forming proteins as well as their resistance 
to breakdown during shear in the mouth. The viscosity of the saliva 
samples in the BOCR, ranged between 0.69-3.56 mPa s and with an 
average of 1.77 mPa s this is in line with what has previously been 
measured.

It could be argued that the difference in degree of elasticity 
between samples partly is a result of individual variations in pH. The 
conformation of mucin depends on factors such as ionic strength and 
pH (Bansil and Turner 2006). Bicarbonate is a vital component of 
the pH buffering system. The concentration of bicarbonate increases 
markedly with the flow rate, and it is therefore only really effective 
at high salivary flow rates. The bicarbonate ion reduces the amount 
of free calcium and calcium bound to mucins, and this may cause 
mucins to lose the ability to crosslink resulting in a more relaxed 
structural arrangement and decreased viscosity (Chen et al. 2010).

At lower pH, mucins are reported to form gel phases due to 
hydrophobic interactions resulting in an increased tendency for 
aggregation (Bansil and Turner 2006; Svensson and Arnebrant 2010). 

Since unstimulated saliva was characterized in Study II, and the fact 
that the bicarbonate concentration, which affects the conformation of 
mucins, increases with flow rate the alleged variations in pH might be 
a minor contributing factor to the differences seen between samples.

In Study IV, the group with subjective oral dryness displayed 
the lowest values for viscosity and elasticity at 1200 seconds when 
compared to the other groups. This supports the hypothesis that 
individuals with subjective oral dryness have altered rheological 
properties, expressed as lower values of viscosity and elasticity. 
These results could be interpreted as lower amounts of proteins (i.e., 
in particular mucins) and lower resistance to decomposition.

In relation to protein content in stimulated whole saliva, individuals 
in the group with subjective oral dryness displayed slightly higher 
amounts compared to the group with no subjective or objective oral 
dryness and lower amounts as compared to the other two groups. 
However, it has been suggested that patients with subjective oral 
dryness do not display reduced mucin concentration in unstimulated 
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whole saliva but that the structure through molecular interaction, i.e., 
the glycosylation, is altered (Chaudhury et al. 2015). Furthermore, 
stimulation, i.e., type of stimulation, duration of stimulation and 
individual variability, has effect on the protein composition and 
rheology of saliva. It has been reported that mechanical stimulation 
(flavorless gum) stimulates slightly shear-thinning and relatively 
inelastic saliva while acid solutions (e.g. 0.25 % citric acid) stimulate 
the secretion of highly shear-thinning and elastic saliva (Stokes and 
Davies 2007). When measuring unstimulated saliva viscosity between 
8 a.m. and 20 p.m. the viscosity has been shown to be at a minimum 
by the end of the afternoon (Rantonen and Meurman 1998).

Since the protein analysis in Study IV did not comprise identification 
of specific proteins, it is impossible to draw any conclusions on the 
results obtained regarding the effect of mucin concentration. One can 
hypothesize that the mucin structure in the group with subjective oral 
dryness is altered based on the lower values of viscosity and elasticity 
in comparison to other groups.

Film-forming properties of saliva
Saliva exerts its protective functions both within the bulk and as 
an adsorbed thin film in the oral cavity. Today, clinical methods 
evaluating a combination of saliva bulk and saliva surface film 
protective properties are not available. Perceived oral dryness is 
assumed to be an expression of variations in qualitative changes of 
saliva protective functions, exerted in bulk and as a thin film. 

The technique of infrared spectroscopy was chosen to determine 
relative amount and groups of salivary molecules associated to a 
germanium surface and thereby describing the degree of surface 
association. The technique of dynamic surface tension will indirectly 
provide a measure of the ability of saliva to spread on a surface. 
Clinical wettability measurements can be used to give a relative value 
of the stability of the outermost layer of the film. The degree of 
surface association of salivary molecules and the ability of the film 
to spread in combination with the stability of the salivary film can 
be used to describe the film-forming capacity of saliva. 

In Study IV, the group with subjective oral dryness displayed 
slightly smaller areas for Amide I+II and N-H in comparison to the 
other groups. This in combination with a moderate decrease in surface 
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tension after 600 seconds may be indicative of a lower film-forming 
capacity of saliva. This supports the hypothesis that individuals with 
subjective oral dryness have lower film-forming capacity, expressed 
as smaller area for N-H and Amide I+II in spectra obtained with 
MAIR when compared to individuals expressing no oral dryness.

The smaller area for Amide I+II might imply a lesser amount of 
protein indicated by lesser absorption at the respective wavenumbers, 
and this is in accordance with the results for protein content and 
viscosity values. The slightly smaller area for N-H stretch (3315 cm-1) 
could also indicate fewer hydrogen bonds between water and N-H 
groups. Formation of hydrogen bonds can occur between water and 
C=O and N-H groups of the protein backbone. Bonded OH groups 
absorb between 3600 and 2900 cm-1 depending on the strength and 
pattern of hydrogen bonding (Luck 1998; Buch and Huisken 2000; 
Ohno et al. 2005). One can speculate if the smaller N-H area could 
be a result of a lower mucin concentration or/and reduced water 
retention and less hydrated mucins. The reduced water retention 
could also partially explain the “dry” sensation expressed by the 
individuals in the group with subjective oral dryness. Interestingly, 
the group with both subjective and objective oral dryness displayed, 
in comparison to the other groups, the highest protein content, the 
greatest areas for N-H and Amide I+II, the second highest value of 
viscosity, and the second lowest value of elasticity. The conclusion 
that could be drawn from these data is that these individuals have 
saliva with a high content of proteins but weaker bonds between 
proteins, which could affect the film-forming properties. Individuals 
in this group used words such as “burning”, “dry”, and “sticky” to 
describe the sensation in their mouths, and the words “viscous” and 
“absent” to describe their saliva. It could be hypothesized that the 
burning and dry sensation could be a result of a salivary film that is 
more easily disrupted due to lower elasticity values.

Of interest is also the ratio between protein (Amide I/Amide II) and 
carbohydrate, when considering the mucin content and retention of 
water. Peaks for carbohydrate are seen in the region of 1065 cm-1. 
The bigger the carbohydrate peaks, in relation to the protein peaks, 
the more lubricous is the polymer. This should reflect lower values 
for glycerol and methylene iodide contact angles. Such a relationship 
could not be established when analyzing the contact angle data. This 
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outcome might be due to the number of participants but also to the 
difference in oral dryness that cannot be explained by the bound 
fraction to surfaces alone, but maybe by their persistence, i.e., binding 
strength. The contact angle data did not support the hypothesis that 
saliva from individuals with subjective and/or objective oral dryness 
have decreased wettability expressed as greater contact angles for 
both polar and non-polar liquids on teeth and oral mucosa.
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CONCLUSIONS

The overall results of these studies reveal that in order to identify 
individuals susceptible to the effects of salivary dysfunction it is of 
importance to monitor, not only quantitative but also qualitative 
changes, on an individual basis over time. Methods for characterizing 
qualitative parameters of saliva in bulk and as an adsorbed thin 
film have to be evaluated to fit clinical purposes. There is need for 
effective diagnostic criteria and functional tests in order to detect 
those individuals with oral dryness who may require oral treatment. 

To determine the adequacy of salivary function for an individual 
at an isolated time, average population based salivary flow rates are 
not useful. When using sialometry for detecting salivary dysfunction, 
it must be taken into consideration that the cut-off values for normal 
and low unstimulated and stimulated salivary flow rates are not 
sufficient to determine whether the amount of saliva measured is 
sufficient to maintain oral health for a particular individual.

Free amplitude oscillatory shear, using a BOCR, was shown to 
distinguish between saliva samples with high and low degree of 
viscoelasticity, but the method has to be further evaluated. In order 
for the method to be implemented in a clinical setting the software 
must be further developed so that the interpretation of results can be 
done effortlessly. The relationship between viscoelastic properties of 
saliva in relation to the quality of the salivary film has to be further 
explored.

Study IV showed that rheometry, surface tension measurements 
and infrared spectroscopy can give information regarding the 
characteristics of saliva in bulk and as an adsorbed thin film. The 
techniques of infrared spectroscopy and surface tension are techniques 
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more suitable for the research setting and a clinical method for 
characterizing and monitoring saliva as an adsorbed thin film has 
to be developed.  

Based on the results from the studies it can be concluded that: 

• The evidence for the efficacy of clinical methods to assess oral 
dryness is sparse and it can be stated that improved standards 
for the reporting of diagnostic accuracy are needed in order to 
assure the methodological quality of studies. (Study I)

• There is a need for effective diagnostic criteria and functional 
tests in order to detect those individuals with oral dryness who 
may require oral treatment, such as alleviation of discomfort 
and/or prevention of diseases. (Study I)

• A global consensus regarding the terminology of oral dryness 
is needed in order to facilitate diagnosis, prevention, treatment, 
and continued research. (Study I)

• Subjective oral dryness can exist without concomitant 
decreased salivary flow. (Study II)

• Individuals with objective oral dryness present, to a greater 
extent, a history of oral rehabilitation compared to individuals 
with no indication of oral dryness.   (Study II)

• Individuals seeking dental care do not state subjective 
complaints of oral dryness to a greater extent as compared to 
individuals in a randomly selected population. (Study II)

• When using sialometry for detecting salivary dysfunction, it 
must be taken into consideration that the cut-off values for 
normal and low unstimulated and stimulated salivary flow 
rates, are not sufficient to determine whether the amount of 
saliva measured is sufficient to maintain oral health for an 
individual at that time. (Study II)

• Rheometry with free amplitude oscillatory shear (BOCR) can 
be used to distinguish between saliva samples with high and 
low degrees of viscoelasticity, and can therefore be suitable in 
the clinical setting. (Study III)
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• Saliva from individuals with subjective oral dryness showed 
altered rheological properties, expressed as the lowest values 
of viscosity and elasticity in the groups tested. (Study IV)

• Saliva from individuals with subjective oral dryness showed 
lower film-forming capacity, expressed as smaller areas for    
N-H and Amide I+II identified with MAIR as compared to 
individuals expressing no oral dryness. (Study IV)

• The degree of surface association of salivary molecules and the 
ability of the film to spread in combination with the stability of 
the salivary film can be used to describe the protective function 
of saliva through the film-forming capacity. (Study IV)

Future research
Functional measurements, such as rheometry thorough free 
amplitude oscillatory shear, infrared spectroscopy and surface tension 
measurements using the drop volume technique, can potentially be 
used as markers for dysfunctional states of human whole saliva. To 
establish diagnostic predictive values of the methods separately or 
in combination, a large random population has to be investigated. 

In order to implement these techniques in the clinical setting they 
have to be further developed and maybe combined into a “test kit” 
that provides the clinician information of changes in the film-forming 
capacity of saliva in relation to baseline data.

In conclusion, longitudinal studies in large randomly selected 
populations, using a prospective design and valid methods to evaluate 
qualitative changes in the protective functions of saliva, are needed 
in order to obtain clinical tools that can be routinely used to prevent 
the deleterious consequences of oral dryness.  



103

ACKNOWLEDGEMENTS

I wish to express my sincere gratitude to everyone who has helped 
and supported me during my work on this thesis. In particular I 
would like to thank:

Associate professor Cecilia Christersson, my supervisor and friend, 
for sharing your vast knowledge and experience. You have motivated 
me during all these years with your never-ending enthusiasm and 
patience. You have a brilliant mind and a heart of gold.

Professor Ann Wennerberg, my co-supervisor, for kind support and 
encouragement.

Professor Ingegerd Johansson, for valuable comments on my half-
time seminar and for making the seminar so enjoyable.

Professor Robert E. Baier, for valuable comments on results on    
infrared spectroscopy and clinical wettability in Study IV. Thank 
you for taking time to answer my e-mails on a Saturday night and 
during holidays. 

Professor emeritus Krister Nilner, for always showing interest and 
concern.



104

My co-authors:
Claes Wickström
Mikael Sonesson
Pablo Tapia Lagunas
Daniel Johansson
Annika Sahlström
Leif Bohlin

Christina Neroth, for excellent help and assistance during clinical 
measurements and for keeping track of me every day.  

Håkan Fransson, for skillful help with photographs.

The entire staff of the Department of Materials Science. Thank you 
for always making me feel welcome.

The entire staff of the Department of Periodontology. Thank you for 
supporting me and having forgiveness for my absence of mind during 
my work on this thesis.

The study participants, without your help this research would not 
have been possible.

Among dear colleagues, I would specially like to thank:

Camilla Ahlgren, my dear friend, for sharing all ups and downs and 
for supporting me when I most needed it. I love you to bits.

Lisa Papia, for always making me feel happy and cheering me on. 
I am so glad to have you as my friend. “Styrka och välgång”.

Christel Larsson, for cheering me on and always helping me out when 
I needed support. 

Liselotte Paulsson, for valuable support and comforting talks. 

Maria Pigg, for all the laughs whether at work or when sharing a 
room at a conference.



105

My sister Louise, for being my best friend and for loving me just the 
way I am. 

My father Franscisco, for always being there and for all the help with 
practical things.

My mother Margareta, who passed away 2014, for endless love and 
support. I am deeply grateful for having you near me for 43 years, 
even though time passed too quickly.  I will miss you for the rest of 
my life. 

The whole family Desclaux-Löfgren: Merci pour la joie que vous 
m’apportez. 

And last but not least, my beloved husband Olof and our son Hugo, 
for unconditional love and for keeping me in touch with reality. Life 
would have no meaning without you. You are the loves of my life.



106

REFERENCES

Adamczyk E, Arnebrant T, Glantz P-O. Time-dependent interfacial tension of 
whole saliva and saliva-bacteria mixes. Acta Odontol Scand 1997; 55:384-
389.

Al-Hashimi I, Haghighat N, Fox PC. Salivary electrophoresis in the diagnosis 
of Sjögren’s syndrome. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
1998, 85:542–547.

Almståhl A, Wickström M. Electrolytes in stimulated whole saliva in 
individuals with hyposalivation of different origins. Arch Oral Biol      
2003; 48:337–344.

Andersson R, Arvidsson E, Crossner CG, Holm AK, Mansson B. The flow 
rate, pH and buffer effect of mixed saliva in children. J Int Assoc Dent 
Child 1974; 5:5-12.

Arnebrant T, Nylander T. Surface tension measurements by an automated 
drop volume apparatus. J Disp Sci Techn 1985; 6: 209-212. 

Arends J, Jongebloed WL. The enamel substrate-characteristics of the enamel 
surface. Swed Dent J 1977; 1:215-224.

Aroonsang W, Sotres J, El-Schich Z, Arnebrant T, Lindh L. Influence 
of substratum hydrophobicity on salivary pellicles: organization or 
composition? Biofouling 2014; 30: 1123-1132.

Baier RE, Glantz P-O. Characterization of oral in vivo films formed on 
different types of solid surfaces. Acta Odontol Scand 1978; 36: 289-301.

Bansil R, Turner BS. Mucin structure, aggregation, physiological functions and 
biomedical applications. Curr Opin Colloid Interface Sci 2006; 11:164-170.

Bardow A, Lynge Pedersen AM, Nauntofte B. Saliva. In: Miles TS, Nauntofte 
B, Svensson P, editors. Clinical oral physiology. Copenhagen: London; 
Quintessence Pub. Co; 2004: p. 17-51.

Barth A. Infrared spectroscopy of proteins. Biochim Biophys Acta 2007; 
1767:1073–1101



107

Becks H, Wainwright WW. Human saliva XIII. Rate of flow of resting saliva 
of healthy individuals. J Dent Res 1943; 22:391-6.

Ben-Aryeh H, Miron D, Berdicevsky I, Szargel R, Gutman D. Xerostomia 
in the elderly: prevalence, diagnosis, complications and treatment. 
Gerodontology 1985; 4:77–82.

Bergdahl M. Salivary flow and oral complaints in adult dental patients. 
Community Dent Oral Epidemiol 2000; 28:59-66.

Billings RJ, Proskin HM, Moss ME. Xerostomia and associated factors in a 
community-dwelling adult population. Community Dent Oral Epidemiol 
1996; 24:312–316.

Bohlin L. Method of measuring rheological properties and rheometer for 
carrying out the method. PCT (Patent Cooperation Treaty) publication 
number WO94/08222, 1994. 

Bohlin L. A surface loading rheometer. In: Proc. Nordic Rheology Conference, 
Stavanger,Norway; 1996.

Bradway SD, Bergey EJ, Jones PC, Levine MJ. Oral mucosal pellicle: 
adsorption and transpeptidation of salivaray components to buccal 
epithelial cells. Biochem J 1989; 261: 887-896.

Buck U, Huisken F, Infrared spectroscopy of size-selected water and methanol 
clusters. Chem Rev 2000; 100: 3863–3890.

Carda C, Mosquera-Lloreda N, Salom L, de Ferraris Gomez ME, Peydro A. 
Structural and functional salivary disorders in type 2 diabetic patients. Med 
Oral Patol Oral Cir Bucal 2006; 11:E309-14.

Carlson AJ, Crittenden AL. The relation of ptyalin concentration to the diet 
and to the rate of secretion of saliva. Am J Physiol 1910; 26:169-177.

Castro I, Sepúlveda D, Cortés J, Quest AFG, Barrera MJ, Bahamondes V, 
Aguilera S, Urzúa U, Alliende C, Molina C, et al. Oral dryness in Sjögren’s 
syndrome patients. Not just a question of water. Autoimmun Rev 2013; 
12:567-574.

Chaudhury NM, Shirlaw P, Pramanik R, Carpenter GH, Proctor GB. Changes 
in Saliva Rheological Properties and Mucin Glycosylation in Dry Mouth. J 
Dent Res 2015; 7:1-8.

Chen EY, Yang N, Quinton PM, Chin WC. A new role for bicarbonate in  
mucus formation. Am J Physiol Lung Cell Mol Physiol 2010; 299: 542-549.

Christersson CE, Glantz P-O, Baier RE. Role of temperature and shear forces 
on microbial detachment. Scand J Dent Res 1988; 96: 91-98.

Christersson CE, Lindh L, Arnebrant T. Film-forming properties and 
viscosities of saliva substitutes and human whole saliva. Eur J Oral Sci 
2000; 108: 418-25.



108

Collins LM, Dawes C. The surface area of the adult human mouth and   
thickness of the salivary film covering the teeth and mucosa. J Dent Res 
1987; 66:1300-1302.

Davies GA, Stokes JR. Thin film and high shear rheology of complex fluids.    
J Non-Newtonian Fluid Mech 2008; 148: 73-87.

Dawes C, Wood CM. The composition of human lip mucous gland secretions. 
Arch Oral Biol 1973; 18: 343-350.

Dawes C, Ong BY. Circadian rhythms in the flow rate and proportional    
contribution of parotid to whole saliva volume in man. Arch Oral Biol 
1973; 18:1145-1153.

Dawes C. Rhythms in salivary rate and composition. Int J Chronobiol     
1974; 2:253-259.

Dawes C. Factors influencing salivary flow rate and composition. In: Edgar 
M, Dawes C, O’Mullhane D, editors. Saliva and oral health. 3rd ed.      
Published by the British Dental Association, London 2004. p. 32-49.

Enger TB, Palm Ø, Garen T, Sandvik L, Jensen JL. Oral distress in primary 
Sjögren’s syndrome: implications for health-related quality of life. Eur J 
Oral Sci 2011; 119:474-480.

El-Miedany Y, El-Hady SM, El-Baddin MA. Validity of the Saliva Ferning Test 
for the Diagnosis of Dry Mouth in Sjögren’s Syndrome. Rev Rhum Engl Ed 
1999; 66:73–78.

Ekström J. Salivationens reglering. Tandläkartidningen 2002; 13:36-43.

Ericsson Y, Hardwick L. Individual diagnosis, prognosis and counselling for 
caries prevention. Caries Res 1978; 12:94-102.

Ferguson DB. Oral bioscience. Edingburgh: Chrchill Livingstone; 1999.

Field EA, Longman LP, Bucknall R, Kaye SB, Higham SM, Edgar WM. 
The establishment of a xerostomia clinic: a prospective study. Br J Oral 
Maxillofac Surg 1997; 35:96–103.

Flink H, Bergdahl M, Tegelberg Å, Rosenblad A, Lagerlöf F. Prevalence 
of hyposalivation in relation to general health, body mass index and           
remaining teeth in different age groups of adults. Community Dent Oral 
Epidemiol 2008; 36:523-531.

Flink H, Tegelberg Å, Lagerlöf F. Influence of the time of measurement of  
unstimulated human whole saliva on the diagnosis of hyposalivation. Arch 
Oral Biol 2005; 50:553-559.

Fox PC, van der Ven PF, Sonies BC, Weiffenbach JM, Baum BJ. Xerostomia: 
evaluation of a symptom with increasing significance. J Am Dent Assoc 
1985; 110:519-525.

Fox RI, Robinson CA, Curd JG, Kozin F, Howell FV. Sjögren’s syndrome. 
Proposed Criteria for Classification. Arthritis Rheum 1986; 29:577-85.



109

Fox PC, Busch KA, Baum BJ. Subjective reports of xerostomia and objective 
measures of salivary gland performance. J Am Dent Assoc 1987; 115:581-
584.

Fure S, Zickert I. Salivary conditions and carciogenic microorganisms in 55, 
65, and 75-year-old Swedish individuals. Scand J Dent Res 1990; 98:197-
210.

Gibbins HL, Proctor GB, Yakubov GE, Wilson S, Carpenter GH.             
Concentration of salivary protective proteins within the bound oral 
mucosal pellicle. Oral Dis 2014; 20: 707-713.

Gibbins HL, Yakubov GE, Proctor GB, Wilson S, Carpenter GH. What 
interactions drive the salivary mucosal pellicle formation? Colloids Surf B      
Biointerfaces 2014; 120: 184-192.

Gilbert GH, Heft MW, Duncan RP. Mouth dryness as reported by older 
Floridians. Community Dent Oral Epidemiol 1993; 21:390–397.

Glantz P-O. On wettability and adhesiveness. Doctoral thesis, University of 
Gothenburg, Sweden. Odontol Revy 1969; 20: suppl. 17.

Glantz P-O, Jendresen MD and Baier RE. A clinical method for the study of in 
vivo adhesiveness of teeth. Acta Odontol Scand 1980; 38:371-378.

Glantz, P-O, Baier RE, Christersson CE. Biochemical and physiological 
considerations for modelling biofilms in the oral cavity: a review. Dent 
Mater 1996; 12:208-14.

Goodman C. Literature searching and Evidence Interpretation for Assessing 
Health Care Practices. Stockholm: Swedish Council on Technology 
Assessment in Health Care; 1993.

Hanisch FG, Muller S. MUC1: the polymorphic appearance of a human     
mucin. Glycobiol 2000; 20: 439-449.

Hay DI. The interaction of human parotid salivary proteins with                 
hydroxyapatite. Arch Oral Biol 1973; 18: 1517–1529.

Hay EM, Thomas E, Pal B, Hajeer A, Chambers H, Silman AJ. Weak          
association between subjective symptoms of and objective testing for dry 
eyes and dry mouth: results from a population based study. Ann Rheum Dis 
1998; 57:20-24.

Heintze U, Birkhed D, Björn H. Secretion rate and buffer effect of resting 
and stimulated whole saliva as a function of age and sex. Swed Dent J         
1983; 7:227-38.

Hochberg MC, Tielsch J, Munoz B, Bandeen-Roche K, West SK, Schein OD. 
Prevalence of symptoms of dry mouth and their relationship to saliva 
production in community dwelling elderly: the SEE project, Salisbury Eye 
Evaluation. J Rheumatol 1998; 25:486–491.



110

Håkansson U, Jacobsson L, Lilja B, Manthorpe R, Henriksson V: Salivary 
Gland Scintigraphy in Subjects with and without Symptoms of Dry Mouth 
and/or Eyes, and in Patients with primary Sjögren’s syndrome. Scand J 
Rheumatol 1994; 23:326–333.

Jendresen MD, Glantz P-O. Clinical adhesiveness of the tooth surface. Acta 
Odontol Scand 1980; 38:379-83.

Jensen JL, Lamkin MS, Oppenheim FG. Adsorption of human salivary 
proteins to hydroxyapatite: a comparison between whole saliva and 
glandular salivary secretions. J Dent Res 1992; 71:1569–1576.

Johansson I, Saellström AK, Rajan BP, Parameswaran A. Salivary flow and 
dental caries in Indian children suffering from chronic malnutrition. Caries 
Res 1992; 26: 38-43.

Jüni P, Holenstein F, Sterne J, Bartlett C, Egger M. Direction and impact of 
language bias in meta-analyses of controlled clinical trials:empirical study. 
Int J Epidemiol 2002; 31: 115-123.

Kanehira T, Yamaguchi T, Takehara J, Kashiwazaki H, Abe T, Morita 
M, Asano K, Fujii Y, Sakamoto W. A pilot study of a simple screening      
technique for estimation of salivary flow. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 2009; 108:389–393.

Kalk WWI, Vissink A, Spijkervet FKL, Bootsma H, Kallenberg CGM,        
Amerongen AVN. Sialometry and sialochemistry: diagnostic tools for 
Sjögren’s syndrome. Ann Rheum Dis 2001; 60:1110–1116.

Kalk WWI, Vissink A, Stegenga B, Bootsma H, Amerongen AVN,              
Kallenberg CGM. Sialometry and sialochemistry: a non-invasive approach 
for diagnosing Sjögren’s syndrome. Ann Rheum Dis 2002; 61:137–144.

Kohn WG, Ship JA, Atkinson JC, Patton LL, Fox PC. Salivary gland     
99mTc-scintigraphy: a grading scale and correlation with major salivary 
gland flow rates. J Oral Pathol Med 1992; 21:70–74.

Lashley KS. The human salivary reflex and its use in psychology. Pshycol Rev 
1916; 23:446.

Lee SK, Lee SW, Chung SC, Kim YK, Kho HS:. Analysis of residual saliva and 
minor salivary gland secretions in patients with dry mouth. Arch Oral Biol 
2002; 47:637–641.

Levine MJ. Salivary molecules. A structure/function synopsis. In Saliva as a 
Diagnostic Fluid, edited by Malamud D and Tabak LA. New York: Annals 
of the New York Academy of Sciences. 1993:11-16.

Lindh L, Glantz P-O, Carlstedt C, Wickström C, Arnebrandt T. Adsorption of 
MUC5B and the role of mucins in early salivary film formation. Coll Surf B 
Biointerfaces 2002; 25:139-146.

Locker D. Subjective reports of oral dryness in an older adult population. 
Community Dent Oral Epidemiol 1993; 21:165–168.



111

Loesche WJ, Bromberg J, Terpenning MS, Bretz WA, Dominguez BL,    
Grossman NS, et al.  Xerostomia, xerogenic medications and food 
avoidances in selected geriatric groups. J Am Geriatr Soc 1995; 43:401–
407.

López-Jornet P, Camacho-Alonso F, Bermejo-Fenoll A. A simple test for     
salivary gland hypofunction using Oral Schirmer’s test. J Oral Pathol Med 
2006; 35:244–248.

Luck WAP. The importance of cooperativity for the properties of liquid water. 
J Mol Struct 1998; 448: 131–142.

Lundin M, Sandberg T, Caldwell KD, Blomberg E. Comparison of the        
adsorption kinetics and surface arrangement of ‘as received’ and purified 
bovine submaxillary gland mucin (BSM) on hydrophilic surfaces. J Colloid 
Interface Sci 2009; 336: 30-39.

Löfgren CD, Isberg PE, Christersson C. Screening for oral dryness in relation 
to salivary flow rate addresses the need for functional tests of saliva. Oral 
Health Prev Dent 2010; 8: 243-252.

Malamud D, Rodriguez-Chavez IR. Saliva as a Diagnostic Fluid. Dent Clin 
North Am 2011; 55: 159-178.

Manthorpe R, Oxholm P, Prause Ju, Schiødt M. The Copenhagen criteria for 
Sjögren’s syndrome. Scand J Rheumatol 1986; 61:19-21.

Mellema J, Holterman HJ, Waterman HA, Blom C, Gravenmade EJ. 
Rheological aspects of mucin-containing solutions and saliva substitutes.              
Biorheology 1992; 29: 231-249.

Mesas AE, Andrade SM, Cabrera MA, Bueno VL. Oral health status and 
nutritional deficit in noninstitutionalized older adults in Londrina, Brazil. 
Rev Bras Epidemiol 2010; 13: 434-445.

Nanci A, Ten Cate AR. Ten Cate’s oral histology: development, structure, and 
function. St. Louis:Mosby Elsevier, 2008.

Narhi TO.  Prevalence of subjective feelings of dry mouth in the elderly. J Dent 
Res 1994; 73:20–25.

Navazesh M, Christensen CM. A comparison of whole mouth resting and 
stimulated salivary measurement procedures. J Dent Res 1982; 61:1158-
1162.

Navazesh M, Christensen C, Brightman V. Clinical criteria for the diagnosis of 
salivary gland hypofunction. J Dent Res 1992; 71:1363-1369.

Navazesh M. Methods for Collecting Saliva. Ann N Y Acad Sci 1993; 20:72-
77.

Navazesh M, Kumar SK. Measuring salivary flow: challenges and               
opportunities. J Am Dent Assoc 2008; 139: 35-40.



112

Nederfors T, Isaksson R, Mörnstad H, Dahlöf C. Prevalence of perceived 
symptoms of dry mouth in an adult Swedish population- relation to 
age, sex and pharmacotherapy. Community Dent Oral Epidemiol 1997; 
25:211–216.

Nederfors T. Xerostomia and hyposalivation. Adv Dent Res 2000; 14:48-56.

Nieuw Amerongen AV, Veerman ECI. Saliva- the defender of the oral cavity. 
Oral Dis 2002; 8:12-22.

Norde W. Adsorption of proteins from solutions at the solid liquid interface. 
Adv Colloid Interface Sci 1986; 25:267-340.

Norde W. Colloids and interfaces in Life Science. Marcel Dekker, New York, 
2003.

Ohno K, Okimura M, Akai N, Katsumoto Y. The effect of cooperative       
hydrogen bonding on the OH stretching-band shift for water clusters 
studied by matrix-isolation infrared spectroscopy and density functional 
theory. Phys Chem Chem Phys 2005; 7: 3005–3014.

Pai S, Ghezzi EM, Ship JA. Development of a Visual Analogue Scale         
questionnaire for subjective assessment of salivary dysfunction. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod 2001; 91:311-316.

Parr GR, Bustos-Valdes SE. A modified segregator for collection of           
submandibular and sublingual saliva. Arch Oral Biol 1984; 29:69-71.

Pedersen AM, Reibel J, Nauntofte B. Primary Sjögren’s syndrome (pSS):     
subjective symptoms and salivary findings. J Oral Pathol Med 1999; 
28:303–311.

Pennec YL, Letoux G, Leroy JP, Youinou P. Reappraisal of tests for            
xerostomia. Clin Exp Rheumatol 1993; 11:523–528.

Ployon S, Belloir C, Bonnotte A,  Lherminier J, Canon F, Morzel M. The 
membrane-associated MUC1 improves adhesion of salivary MUC5B on 
buccal cells. Application to development of an in vitro cellular model of 
oral epithelium. Arch Oral Biol 2016; 61: 149-155. 

Proctor GB, Carpenter GH. Regulation of salivary gland function by           
autonomic nerves. Auton Neurosci 2007; 133: 3–18.

Proctor G, Challacombe SJ. Measurement of mucosal wetness in patients with 
xerostomia. Oral Dis 2010; 16:538.

Psoter WJ, Spielman AL, Gebrian B, St. Jean R, Katz RV. Effect of childhood 
malnutrition on salivary flow and pH. Arch Oral Biol 2008; 53: 231-237.

Rantonen PJ, Meurman JH. Viscosity of whole saliva. Acta Odontol Scand 
1998; 56: 210-214.

Roylance D. Engeneering viscoelasticity. Cambridge MIT Press; 2001.

Rånby M, Ramström S, Svensson PO, Lindahl TL. Clotting time by free 
oscillation rheometry and visual inspection and a viscoelastic description of 
the clotting phenomenon. Scand J Clin lab Invest 2003; 63:397-406.



113

Sánchez-Guerrero J, Aguirre-Garcia E, Pérez-Dosal MR, Kraus A. The wafer 
test: a semi-quantitative test to screen for xerostomia. Rheumatology   
2002; 41:381–389.

Schwartz WH. The rheology of saliva. J Dent Res 1987; 66: 660-664.

Scientific Advisory Committee of the Medical Outcomes Trust. Assessing 
health status and quality-of-life instruments: attributes and review criteria. 
Quality Life Res. 2002; 11:193-205.

Schneyer LH, Pigman W, Hanahan L, Gilmore RW. Rate of flow of human 
parotid, sublingual, and submaxillary secretions during sleep. J Dent Res 
1956; 35:109-114.

Shannon IL, Chauncey HH. A parotid fluid collection device with improved 
stability characteristics. J Oral Ther Pharmacol 1967; 4:93-97.

Ship JA, Baum BJ. Is reduced salivary flow normal in old people? Lancet 
1990; 336:1507.

Ship JA, Fox PC, Baum BJ. How much saliva is enough? ‘Normal’ function 
defined. J Am Dent Assoc 1991; 122:63-69. 

Shipper RG, Silletti E, Vingerhoeds MH. Saliva as research material: 
Biochemical, physiocemical and practical aspects. Arch Oral Biol 2007; 
1114-1135.

Siqueira WL, Zhang W, Helmerhorst EJ, Gygi SP, Oppenheim FG.           
Identification of protein components in in vivo human acquired enamel   
pellicle using LC-ESI-MS/MS. J Proteome Res 2007; 6: 2152-2160.

Sreebny LM, Valdini A. Xerostomia. Part I: relationship to other oral      
symptoms and salivary gland hypofunction. Oral Surg Oral Med Oral 
Pathol 1988; 66:451-458.

Stephen KW, Lamb AB, McCrossnan. A modified appliance for the collection 
of human submandibular and sublingual salivas. Arch Oral Biol 1978; 
23:835-837.

Stokes JR, Davies GA. Viscoelasticity of human whole saliva collected after 
acid and mechanical stimulation. Biorheology 2007; 44: 141-160.

Svensson O, Arnebrant T. Mucin layers and multilayers- Physicochemical 
properties and applications. Curr Opin Colloid Interface Sci                
2010; 15: 395-405.

Syrjäla AM, Pussinen PI, Komulainen K, Nykanen I, Knuuttila M, Ruoppi P, 
et al. Salivary flow rate and risk of malnutrition- a study among dentate, 
community-dwelling older people. Gerodontology 2013; 30: 270-275.

Thomson WM. Issues in the epidemiological investigation of dry mouth. 
Gerodontology 2005; 22:65-76.

Thorselius I, Emilson CG, Osterberg T. Salivary conditions and drug 
consumption in older age groups of elderly Swedish individuals. 
Gerodontics 1988; 4:66–70.



114

Tornberg E. The application of the drop volume technique to measurements 
of the adsorption of proteins at interfaces.J Colloid Interface Sci              
1978; 64: 391.  

Truelove EL, Bixler D, Merritt AD. Simplified method for collection of pure 
submandibular saliva in large volumes. J Dent Res 1967; 46:1400-1403.

van der Reijden WA, Veerman EC, Amerongen AV. Shear rate dependent   
viscoelastic behavior of human glandular salivas. Biorheology              
1993; 30: 141-152.

van der Reijden WA, Veerman EC, Nieuw Amerongen AV. Rheological 
properties of commercially available polysaccharides with potential use in 
saliva substitutes. Biorheology 1994; 31: 631-642.

Veeregowda DH, Busscher HJ, Vissink A, Jager D-J, Sharma PK, van der 
Mei HC. Role of structure and glycosylation of adsorbed protein films in      
biolubrication. PloS One 2012; 7: e42600.

Vissink A, Waterman HA, s-Gravenmade EJ, Panders AK, Vermey 
A. Rheological properties of saliva substitutes containing mucin, 
carboxymethylcellulose or polyethylenoxide. J Oral Pathol 1984; 13: 22-
28.

 Whiting P, Rutjes AWS, Reitsma JB, Bossuyt PMM, Kleijnen J. The            
development of QUADAS: a tool for the quality assessment of studies 
of diagnostic accuracy included in systematic reviews. BMC Med Res     
Methodol 2003; 3:25.

WHO. Oral Health Surveys: Basic Methods, ed. 4. Geneva: World Health   
Organization, 1997:1-66.

Vitali C, Bombardieri S, Moutsopoulos HM, Balestrieri G, Bencivelli W, 
Bernstein RM, et al. Preliminary criteria for the classification of Sjögren’s 
syndrome. Results of a prospective concerted action supported by the 
European Community. Arthritis Rheum 1993; 36:340-7.

Vitali C, Moutsopoulos HM Bombardieri S. The European Study Group on 
diagnostic criteria for Sjögren’s syndrome. Sensitivity and specificity of tests 
for ocular and oral involvement of Sjögren’s syndrome. Ann Rheum Dis 
1994; 53:637-47.

Vitali C, Bombardieri S, Moutsopoulos HM, Coll J, Gerli L, Hatron PY, et al. 
Assessment of the European classification criteria for Sjögren’s syndrome in 
a series of clinically defined cases; results of a prospective multicentre study. 
The European Study Group on Diagnostic Criteria for Sjögren’s syndrome. 
Ann Rheum Dis 1996; 55:116-21.



115

Vitali C, Bombardieri S, Moutsopoulos HM, and the the European Study 
Group on Diagnostic Criteria for Sjögren’s syndrome. The European 
classification criteria for Sjögren’s syndrome (SS). Proposal for a 
modification of the rules for classification suggested by the analysis of the 
receiver operating characteristic (ROC) curve of the criteria performance. J 
Rheumatol 1997; 24:38.

Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM, Alexander EL, 
Carsons SE, Daniels TE, Fox PC, Fox RI, Kassan SS, Pillemer SR, Talal N, 
Weisman MH, and the European Study Group on Diagnostic Criteria for 
Sjögren’s syndrome. Classification criteria for Sjögren’s syndrome: a revised 
version of the European criteria proposed by the American-European 
Consensus Group. Ann Rheum Dis 2002; 61:554-558.

Wolff M, Kleinberg I. Oral mucosal wetness in hypo- and normosalivators. 
Arch Oral Biol 1998; 43:455–462.

Wolff A, Herscovivi D, Rosenberg M. A simple technique for determination of 
salivary gland hypofunction. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2002; 94:175–178.

Yakubov GE. Lubrication. Monogr Oral Sci 2014; 24:71-87. 

Zisman WA. Relation of the equilibrium contact angle to liquid and solid 
constitution. In: Gould R, editor. Contact angle, wettability and adhesion. 
Published by American Chemical Society, Washington D.C. 1964. p. 1-51.

Österberg T, Landahl S, Hedegard B. Salivary flow, saliva, pH and buffering 
capacity in 70-year-old men and women. Correlation to dental health,   
dryness in the mouth, disease and drug treatment. J Oral Rehabil         
1984; 11:157–170.

Österberg T, Birkhed D, Johansson C, Svanborg A. Longitudinal study 
of stimulated whole saliva in an elderly population. Scand J Dent Res      
1992; 100:340–345.



116

Appendix 1 

The protocol used in the assessment against the stated inclusion criteria. 

Title…………………………………………………………………………………………… 
 
Author(s)……………………………………………………………………………………… 
 
Journal…………………………………………… Year……… Volume………..  
 
Pages…………………… 
       
 Yes No Uncertain                 Comments 
Publication in 
English 

    

Study conducted on 
humans 

    

Oral dryness primary 
condition 

    

Study population 
presenting 
symptoms                                        
and/or findings of 
oral dryness 

    

Standardized 
conditions for donors  

    

Control group 
 

    

Description of study 
design 

    

Description of saliva 
collection 
procedures 

    

Description of the 
patient population 
that was tested 

    

Ethical approval 
 

    

Description of 
statistical analysis 
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Questionnaire Study II 

 

 
We kindly ask you to answer the following 23 questions. 
 
1.  Date of birth?………………………            
 
 
2.   Gender:    Female �    Male � 
    
       
3.   Have you experienced any discomfort/pain originating from your 

mouth during the last 6 months? 
 

  � yes 
  � no 
 

4.    If yes, please describe the symptoms? 
 
  …………………………………………………………………………………….. 
 
  …………………………………………………………………………………….. 

 
5.   Does your mouth usually feel dry?  
      � yes 
      � no    
 
If the answer is no, go to question number 14. 
 
6.   At what times does your mouth feel dry?  
       � morning 
      � forenoon 
       � afternoon 
      � evening      
  � other ……………………………………………………………………. 
 
7.      How much saliva do you estimate that you generally have in your 

mouth?   
� too little 

      � don’t notice it 
       � too much 
 
8.   Does your mouth feel dry when eating a meal?  
        � yes 
      � no 
        
 9.   Do you have difficulties in swallowing foods?  
       � yes 
      � no 

Appendix 2
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Questionnaire Study II 

 

        
 
10.   Do you sip liquids to aid in swallowing foods?  
       � yes 
      � no 
        
 
11.  Do you use any of the following to enhance the amount of saliva in 

your mouth? 
                             � chewing gum (more than 6/day)  
                 � candy (more than 6/day)     
                      � lozenge (more than 6/day)   
                             � other  ……………………………………………………………….. 
        � none 
 
12.  Do you use any saliva substitute? 
       � yes 
       � no 
 
13.  If yes, please specify? 
 

  …………………………………………………………………………………….. 
 
  …………………………………………………………………………………….. 
 

 
14.   Do you usually have lesions in your mouth? 
          � never     
          � sometimes (once or twice/year) 
          � frequently (more than 5 times/year) 
           
 
15.    Do you usually have a burning sensation in your mouth? 
        � never     
          � sometimes (once or twice /month) 
         � frequently (more than 5 times/month) 
    
16.   Do you smoke? 

  � yes    number of cigarettes/day……………… 
  � no, never smoked 

  � no, but former smoker 
 
17.   Do you use snuff?  
       � yes    number of portions/day……………….. 
       � no, never used snuff 
  � no, but former user of snuff 
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Questionnaire Study II 

 

        
 
10.   Do you sip liquids to aid in swallowing foods?  
       � yes 
      � no 
        
 
11.  Do you use any of the following to enhance the amount of saliva in 
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          � never     
          � sometimes (once or twice/year) 
          � frequently (more than 5 times/year) 
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Questionnaire Study II 

 

                
        
 
18.  Do you usually have dry eyes (burning or/and sticky sensation)? 
        � never    
          � sometimes 
         � frequently 
 
19. How do you perceive your health? 

  � very poor 
  � poor 
  � neither poor or good 

  � good 
  � very good 
 
20.  Do you have any diagnosed diseases? 

  � yes 
  � no 
 
21.      If yes, please specify? 

  …………………………………………………………………………………….. 
 
  …………………………………………………………………………………….. 

 
22.   Do you take any medication? 

  � yes 
  � no 

 
23.   If yes, please specify type of medication? 

 
  ……………………………………………………………………………………. 
 

          ……………………………………………………………………………………. 
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The questionnaire in Study II was supplemented with the following questions in Study 
IV. 
 
 
 
 
 
1. Rate the dryness of your mouth: 
               
 
                  Not dry at all          Very dry 
 
 
 
2. Rate the dryness of your lips: 
               
 
                  Not dry at all          Very dry 
 
 
3. Rate the dryness of your tongue: 
               
 
                  Not dry at all          Very dry 
 
 
4. Rate the dryness of your teeth: 
               
 
                  Not dry at all          Very dry 
 
 
5. Rate the dryness of oral mucosa: 
               
 
                  Not dry at all          Very dry 
 
 
 
6. Describe the sensation in your mouth. 
 
7. How do you perceive your saliva? 

Appendix 3
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A systematic review of methods to diagnose oral
dryness and salivary gland function
Christina Diogo Löfgren1*, Claes Wickström2, Mikael Sonesson3, Pablo Tapia Lagunas4 and Cecilia Christersson5

Abstract

Background: The most advocated clinical method for diagnosing salivary dysfunction is to quantitate unstimulated
and stimulated whole saliva (sialometry). Since there is an expected and wide variation in salivary flow rates among
individuals, the assessment of dysfunction can be difficult. The aim of this systematic review is to evaluate the
quality of the evidence for the efficacy of diagnostic methods used to identify oral dryness.

Methods: A literature search, with specific indexing terms and a hand search, was conducted for publications that
described a method to diagnose oral dryness. The electronic databases of PubMed, Cochrane Library, and Web of
Science were used as data sources. Four reviewers selected publications on the basis of predetermined inclusion
and exclusion criteria. Data were extracted from the selected publications using a protocol. Original studies were
interpreted with the aid of Quality Assessment of Diagnostic Accuracy Studies (QUADAS) tool.

Results: The database searches resulted in 224 titles and abstracts. Of these abstracts, 80 publications were judged
to meet the inclusion criteria and read in full. A total of 18 original studies were judged relevant and interpreted for
this review. In all studies, the results of the test method were compared to those of a reference method.
Based on the interpretation (with the aid of the QUADAS tool) it can be reported that the patient selection criteria
were not clearly described and the test or reference methods were not described in sufficient detail for it to be
reproduced. None of the included studies reported information on uninterpretable/intermediate results nor data on
observer or instrument variation. Seven of the studies presented their results as a percentage of correct diagnoses.

Conclusions: The evidence for the efficacy of clinical methods to assess oral dryness is sparse and it can be stated
that improved standards for the reporting of diagnostic accuracy are needed in order to assure the methodological
quality of studies. There is need for effective diagnostic criteria and functional tests in order to detect those
individuals with oral dryness who may require oral treatment, such as alleviation of discomfort and/or prevention of
diseases.

Background
Oral dryness is a complex condition, expressed as a
physiological deficiency with or without perceived dys-
function. Clinically, oral dryness may vary from a slight
reduction in salivary flow with transient inconvenience
to severe impairment of oral health and concomitant
psychological indisposition. Salivary dysfunction has
mainly been related to a decrease in salivary flow rate,
but the molecular composition of saliva has gained more
attention in understanding the complexity of the condition.

Saliva has been shown to have multi- functional character-
istics as expressed by several families of salivary molecules,
each comprising multiple members that are multifunctional
and overlapping [1]. This explains the presence of a com-
pensatory mechanism in saliva and that the expression of
salivary dysfunction is most likely to be multi-facetted.
The prevalence of oral dryness reported in the litera-

ture varies from 10% to 80% [2-12].
Part of this variation might be explained by the fact that

there is no global consensus regarding the terminology
associated with oral dryness, although many authors distin-
guish between xerostomia, denoting the subjective feeling
and hyposalivation, denoting a decreased salivary flow rate
[13-17].

* Correspondence: christina.diogo@ mah.se
1Department of Materials Science and Technology, Faculty of Odontology,
Malmö University, Malmö, Sweden
Full list of author information is available at the end of the article

© 2012 Löfgren et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Löfgren et al. BMC Oral Health 2012, 12:29
http://www.biomedcentral.com/1472-6831/12/29



RESEARCH ARTICLE Open Access

A systematic review of methods to diagnose oral
dryness and salivary gland function
Christina Diogo Löfgren1*, Claes Wickström2, Mikael Sonesson3, Pablo Tapia Lagunas4 and Cecilia Christersson5

Abstract

Background: The most advocated clinical method for diagnosing salivary dysfunction is to quantitate unstimulated
and stimulated whole saliva (sialometry). Since there is an expected and wide variation in salivary flow rates among
individuals, the assessment of dysfunction can be difficult. The aim of this systematic review is to evaluate the
quality of the evidence for the efficacy of diagnostic methods used to identify oral dryness.

Methods: A literature search, with specific indexing terms and a hand search, was conducted for publications that
described a method to diagnose oral dryness. The electronic databases of PubMed, Cochrane Library, and Web of
Science were used as data sources. Four reviewers selected publications on the basis of predetermined inclusion
and exclusion criteria. Data were extracted from the selected publications using a protocol. Original studies were
interpreted with the aid of Quality Assessment of Diagnostic Accuracy Studies (QUADAS) tool.

Results: The database searches resulted in 224 titles and abstracts. Of these abstracts, 80 publications were judged
to meet the inclusion criteria and read in full. A total of 18 original studies were judged relevant and interpreted for
this review. In all studies, the results of the test method were compared to those of a reference method.
Based on the interpretation (with the aid of the QUADAS tool) it can be reported that the patient selection criteria
were not clearly described and the test or reference methods were not described in sufficient detail for it to be
reproduced. None of the included studies reported information on uninterpretable/intermediate results nor data on
observer or instrument variation. Seven of the studies presented their results as a percentage of correct diagnoses.

Conclusions: The evidence for the efficacy of clinical methods to assess oral dryness is sparse and it can be stated
that improved standards for the reporting of diagnostic accuracy are needed in order to assure the methodological
quality of studies. There is need for effective diagnostic criteria and functional tests in order to detect those
individuals with oral dryness who may require oral treatment, such as alleviation of discomfort and/or prevention of
diseases.

Background
Oral dryness is a complex condition, expressed as a
physiological deficiency with or without perceived dys-
function. Clinically, oral dryness may vary from a slight
reduction in salivary flow with transient inconvenience
to severe impairment of oral health and concomitant
psychological indisposition. Salivary dysfunction has
mainly been related to a decrease in salivary flow rate,
but the molecular composition of saliva has gained more
attention in understanding the complexity of the condition.

Saliva has been shown to have multi- functional character-
istics as expressed by several families of salivary molecules,
each comprising multiple members that are multifunctional
and overlapping [1]. This explains the presence of a com-
pensatory mechanism in saliva and that the expression of
salivary dysfunction is most likely to be multi-facetted.
The prevalence of oral dryness reported in the litera-

ture varies from 10% to 80% [2-12].
Part of this variation might be explained by the fact that

there is no global consensus regarding the terminology
associated with oral dryness, although many authors distin-
guish between xerostomia, denoting the subjective feeling
and hyposalivation, denoting a decreased salivary flow rate
[13-17].
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Oral dryness may be caused by many factors. One
factor of importance is pharmacotherapy. Decreased
salivary flow rate has been reported as a consequence
of treatment with various types of drugs but as for the
subjective feeling of oral dryness the total number of
drugs taken seems to be more important [18]. No age-
dependent decrease in salivary flow rate has been estab-
lished [19,20] although a higher prevalence of perceived
oral dryness has been reported with increased age [18].
This might be explained by an increased intake of
medication with increasing age.
Several systemic disorders such as Sjögren’s syn-

drome, diabetes mellitus, rheumatoid arthritis, and sys-
temic lupus erythematosus are also known to cause oral
dryness. In addition, radiotherapy to the head and neck
region is a factor of importance.
With regard to an increasingly elderly population and

its dependent use of medication, a multitude of negative
side effects associated with disturbed salivary function
will present a medico-socio-economic problem not only
for the individual per se but also for society in the near
future.
The most advocated clinical method for diagnosing

salivary gland dysfunction is to quantitate unstimulated
and stimulated whole saliva flow rates (sialometry). The
cut-off value for a very low unstimulated and stimulated
whole saliva flow rate is claimed to be ≤ 0.1 ml/min
and ≤ 0.7 ml/min, respectively which is generally referred
in the literature to studies by Ericsson and Hardwick
[21] and Sreebny and Valdini [4]. Attempts have also
been made to correlate perceived oral dryness to salivary
output with varying results. However, reports where the
patients describe their oral comfort/discomfort levels,
suggest weak to no correlation between measures of sal-
ivary flow rates and an individual’s own subjective de-
scription [4,22-24]. Symptoms of dry mouth often occur
when the salivary flow rate is reduced by about 50%, but
can also be experienced within what is regarded as the
normal salivary flow rate range [25]. Unless the mouth is
almost dry, without proper individual baseline informa-
tion it is almost impossible to ascertain if the level of a
patient’s salivary flow rate is actually below ‘normal’.
Since there is a great variability in individual salivary
flow rate and a wide range of flow rate is accepted,
the accurate assessment of dysfunction can be diffi-
cult. With this in mind, it can be argued if measure-
ments of salivary flow rates can be used as a discriminating
diagnostic tool.
Ghezzi et al. [26] studied the variation of stimulated

parotid and submandibular flow rates in a healthy popu-
lation of adults over a six-hour period. In accordance
with other investigators [25,27], they demonstrated that
salivary flow rates are not constant and that there exists
a broad range of stimulated parotid and submandibular

flow rates among healthy individuals. These findings
were confirmed in the study by Burlage et al. [28]. They
determined the variation in stimulated parotid flow rate
for repeated collections. They also found a large degree
of similarity between the flow rates of the left and right
parotid glands in healthy subjects as well as in patients
with Sjögren’s syndrome.
Responses to standardized questions have been com-

pared to objective measures of major salivary gland out-
put in order to identify certain questions that with a
high degree of reliability predict true salivary gland dys-
function [22]. The results showed that questions focus-
ing on perceived oral dryness associated with eating
were highly indicative of salivary performance whilst the
most commonly heard complaints such as perceived oral
dryness at night and during the day had no significant
correlation with reduced salivary flow rate.
Furthermore, the individuals’ assessment of the quan-

tity of saliva as “too little” was highly predictive of
decreased salivary output.
The aim of this systematic review is to evaluate the

quality of the evidence for the efficacy of diagnostic
methods used to identify oral dryness.

Methods
The systematic approach of the literature review was
adapted according to Goodman [29] and consisted of the
following steps: specification of the problem, formulation
of a plan to conduct the literature search with specified
indexing terms, retrieval of publications and interpretation
of the evidence from the literature studied.

Specification of the problem
The following question was developed to articulate the
problem: What methods are used to diagnose oral dry-
ness and what is the efficacy of these methods?

Formulation of a plan, literature search, and retrieval
The first step of the search was to use Medical Subject
Headings (MeSH) and free text words to search the elec-
tronic databases PubMed (including MeSH Subheadings
and [All fields]), Cochrane Library, and Web of Science.”
The following search terms were identified on the

basis of Medical Subject Headings (MeSH) and within
the MeSH database these terms are defined as:

� Saliva: the clear, viscous fluid secreted by the
salivary glands and mucous glands of the mouth and
containing mucins, water, organic salts, and ptylin.

� Xerostomia: decreased salivary flow.
� Diagnostic techniques and procedures: methods,

procedures, and tests performed to diagnose
disease, disordered function, or disability. Year
introduced: 1998.
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� Pilocarpine: a slowly hydrolyzed muscarinic agonist
with no nicotinic effects. Pilocarpine is used as a
miotic and in the treatment of glaucoma.

The above mentioned MeSH terms were combined by
using the Boolean operator ‘OR’ with free text words
within a search facet.
Since this review focused on diagnostic methods and

an initial search resulted in a number of publications on
intervention with pilocarpine, the decision was made to
confine the search by excluding those studies.
Exclusion of studies on intervention with pilocarpine

was obtained by using the Boolean operator ‘NOT’ in
the search.
To be included in this review, publications that

described a method for diagnosing oral dryness were
searched. The inclusion and exclusion criteria are pre-
sented in Table 1.
The search was limited to publications with an Entrez

date in the period from January 1, 1966 to February
22, 2011.
The decision to include the article was made by read-

ing the title and the abstract. Four authors (CDL, CW,
MS and CC) screened all titles and abstracts independ-
ently for possible inclusion. When an abstract was con-
sidered by at least one author to be relevant, the full text
was obtained for independent assessment against the
stated inclusion criteria (Table 1) with the aid of a proto-
col (Additional file 1: Table S1). Any disagreement was
resolved by discussion among the reviewers.
The protocol used in the assessment against the stated

inclusion criteria.
Will the study be included in the systematic review?

Yes No.
The second step was to search by hand the reference

lists of the original studies that had been found relevant
in the first step. Reference lists of reviews were also
searched. Titles containing words suggesting diagnostic
measures and techniques of oral dryness were sought.
Inclusion and exclusion criteria were also considered

in the hand search. The abstracts of the selected

references were obtained and when considered relevant
by at least one author, the publication was ordered in
full text. Book chapters and reviews were excluded, since
the search focused on original studies.

Data extraction
Data were extracted on the following items: year of pub-
lication; study objectives; study design; study population;
control group; test method; reference method; and
authors’ conclusion.
Original studies that presented a method for diagnosing

oral dryness were interpreted according to the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS)
tool [30].
In the present review, a modified protocol comprising

15 questions was applied, as presented in Table 2.
The same reviewers assessed the articles separately.

Any interexaminer disagreements were resolved by dis-
cussion on each article to reach a consensus.

Results
The number of publications retrieved, read and inter-
preted is presented in Figure 1.
The database searches resulted in 224 titles and

abstracts. Of these abstracts, 80 publications were
judged to meet the inclusion criteria and read in full.
Data were extracted according to the pre-established
protocol. Animal studies and publications in a language
other than English were excluded. Publications using a
sialogogue (not only pilocarpine) as intervention were
excluded. Furthermore, studies where oral dryness was
not described as a primary condition, studies where the
conditions for the donors were not standardised and stud-
ies that did not include a control group were excluded.
Studies were oral dryness was a secondary outcome vari-
able, i.e. studies reporting oral dryness as a secondary find-
ing to e.g. treatment or medication, but not to general
diseases e.g. Sjögren’s syndrome, were also excluded.
This resulted in 11 original studies being considered

relevant for the review. The hand search of the reference
lists of 11 original studies and 20 reviews resulted in an
additional 60 abstracts. After these abstracts had been
read, 24 publications were selected and read in full and
data were extracted. After the publications had been
read in detail, seven were selected.
A total of 18 original studies were interpreted for this

review [4,31-47].
Preliminary evaluation of the included studies revealed

heterogeneity with respect to inclusion criteria, test
method and reference method. Consequently, it was not
possible to conduct a quantitative data synthesis leading
to a meta-analysis.

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Human studies Review articles and abstracts

Oral dryness primary condition Studies on pharmacologic intervention
with sialogogues (e.g. pilocarpine)

Study population presenting
symptoms and/or findings
of oral dryness

Studies on the effect of radiation
therapy
No control group

Standardized conditions
for donors

Studies where oral dryness is a
secondary outcome variable

Articles written in English

Inclusion and exclusion criteria for the retrieved studies.
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patient’s salivary flow rate is actually below ‘normal’.
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cult. With this in mind, it can be argued if measure-
ments of salivary flow rates can be used as a discriminating
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high degree of reliability predict true salivary gland dys-
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were highly indicative of salivary performance whilst the
most commonly heard complaints such as perceived oral
dryness at night and during the day had no significant
correlation with reduced salivary flow rate.
Furthermore, the individuals’ assessment of the quan-

tity of saliva as “too little” was highly predictive of
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The aim of this systematic review is to evaluate the

quality of the evidence for the efficacy of diagnostic
methods used to identify oral dryness.

Methods
The systematic approach of the literature review was
adapted according to Goodman [29] and consisted of the
following steps: specification of the problem, formulation
of a plan to conduct the literature search with specified
indexing terms, retrieval of publications and interpretation
of the evidence from the literature studied.

Specification of the problem
The following question was developed to articulate the
problem: What methods are used to diagnose oral dry-
ness and what is the efficacy of these methods?

Formulation of a plan, literature search, and retrieval
The first step of the search was to use Medical Subject
Headings (MeSH) and free text words to search the elec-
tronic databases PubMed (including MeSH Subheadings
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The following search terms were identified on the

basis of Medical Subject Headings (MeSH) and within
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with no nicotinic effects. Pilocarpine is used as a
miotic and in the treatment of glaucoma.

The above mentioned MeSH terms were combined by
using the Boolean operator ‘OR’ with free text words
within a search facet.
Since this review focused on diagnostic methods and

an initial search resulted in a number of publications on
intervention with pilocarpine, the decision was made to
confine the search by excluding those studies.
Exclusion of studies on intervention with pilocarpine

was obtained by using the Boolean operator ‘NOT’ in
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described a method for diagnosing oral dryness were
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sented in Table 1.
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The decision to include the article was made by read-
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was obtained for independent assessment against the
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Will the study be included in the systematic review?

Yes No.
The second step was to search by hand the reference

lists of the original studies that had been found relevant
in the first step. Reference lists of reviews were also
searched. Titles containing words suggesting diagnostic
measures and techniques of oral dryness were sought.
Inclusion and exclusion criteria were also considered

in the hand search. The abstracts of the selected

references were obtained and when considered relevant
by at least one author, the publication was ordered in
full text. Book chapters and reviews were excluded, since
the search focused on original studies.

Data extraction
Data were extracted on the following items: year of pub-
lication; study objectives; study design; study population;
control group; test method; reference method; and
authors’ conclusion.
Original studies that presented a method for diagnosing

oral dryness were interpreted according to the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS)
tool [30].
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Any interexaminer disagreements were resolved by dis-
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The number of publications retrieved, read and inter-
preted is presented in Figure 1.
The database searches resulted in 224 titles and

abstracts. Of these abstracts, 80 publications were
judged to meet the inclusion criteria and read in full.
Data were extracted according to the pre-established
protocol. Animal studies and publications in a language
other than English were excluded. Publications using a
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not described as a primary condition, studies where the
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ies that did not include a control group were excluded.
Studies were oral dryness was a secondary outcome vari-
able, i.e. studies reporting oral dryness as a secondary find-
ing to e.g. treatment or medication, but not to general
diseases e.g. Sjögren’s syndrome, were also excluded.
This resulted in 11 original studies being considered
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lists of 11 original studies and 20 reviews resulted in an
additional 60 abstracts. After these abstracts had been
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data were extracted. After the publications had been
read in detail, seven were selected.
A total of 18 original studies were interpreted for this
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method and reference method. Consequently, it was not
possible to conduct a quantitative data synthesis leading
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Study objectives and study design
Seven of the included studies [31,33,34,36,37,43,44]
aimed at examining the potential use of different tests or
a combination of tests for the diagnosis of Sjögren’s syn-
drome. The remaining 11 studies [4,32,35,38-42,45-47]
described different methods for determining salivary
hypofunction.
Sixteen of the studies [31-34,36-47] were case control

studies, and two [4,35] were cross sectional studies.
Five studies were performed in the USA [4,31,39,42,46],

two in The Netherlands [36,37], two in Sweden [32,34],
one in Egypt [33], one in Great Britain [35], one in Japan
[38], one in South Korea [40], one in Spain [41], one in
Denmark [43], one in France [44], one in Mexico [45]
and one in Israel [47].

Study populations and control groups
The majority of de individuals included in the study
groups were individuals with Sjögren’s syndrome (Table 3).
In six studies [4,38,40,42,46,47] the study population con-
sisted of individuals with symptoms of and/or findings of
oral dryness. In one study [35], subjects were participants
in a cross sectional general health survey, randomly
selected from a population register.
The control groups consisted mainly of age- and

gender-matched healthy individuals. In two studies, the
control group consisted of individuals with normal saliv-
ary secretion rates [32,42]. One study [34] included

individuals with symptoms of dry mouth in the control
group, and in one study [37] the control group consisted
of individuals with Sjögren’s syndrome.
The number of included individuals in the study

populations varied between 16 and 341 and in the
control groups between 12 and 372.
Two studies did not report age and gender [31,47] for

individuals included in the study populations or control
groups. Two studies [33,44] did not state gender for
individuals included in the control groups. Two studies
[38,42] reported age and gender for all included subjects.
The female/male ratio in the study populations 783/

273 [4,32-37,39-41,43-45,47] and control groups were
and 586/309 [4,32,34,36,37,39-41,43,45,46], respectively.

Index test methods and reference methods
A variety of index test methods were used in the
included articles (Table 4).
In general terms, the index tests could be divided into

five categories:

(1) Secretion tests; including sialometry and
sialochemistry,Oral Schirmer’s test, secretion
composition using protein separation techniques,
total protein content, electrolyte content and
specific protein content with immunological
tests or iodine starch reactions (amylase)
[31,32,36-38,41]

Table 2 Protocol based on the Quadas tool for interpretation of relevant original studies

Yes No Unclear

1 Was the spectrum of patients representative of the patients who will receive the test in practice? () () ()

2 Were the selection criteria clearly described? () () ()

3 Is there a diagnostic reference standard? () () ()

4 If so, is the reference standard likely to correctly classify the target condition? () () ()

5 Is the time period between reference standard and index test short
enough to be reasonably sure that the target condition did not
change between the two tests?

() () ()

6 Did the whole sample or a random selection of sample, receive verification using a reference
standard of diagnosis?

() () ()

7 Was the execution of the index test described in sufficient detail to permit replication of the test? () () ()

8 Was the execution of the reference standard described in sufficient detail to permit replication of the test? () () ()

9 Were the index test results interpreted without knowledge of the results of the reference standard? () () ()

10 Were the reference standard results interpreted without knowledge of the results of the index test? () () ()

11 Were the same clinical data available when test results were interpreted as would be available
when the test is used in practice?

() () ()

12 Were uninterpretable/intermediate results reported? () () ()

13 Were withdrawals from the study explained? () () ()

14 Are data presented on observer or instrument variation that could affect the estimates of test performance? () () ()

15 Were appropriate results presented (percentage of correct diagnoses, sensitivity, specificity, predictive values,
measures of ROC, likelihood ratios, or other relevant measures) and were these calculated appropriately?

() () ()

Interpreter:
Date:
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(2) Mucosal/surface tests; including mucosal dryness/
residual wetness tests, salivary smears and biopsies
[33,46]

(3) ‘Functional’ tests; including dissolutions tests of
candy or wafers [45,47]

(4) Glandular morphology; including scintigraphy or
sialography [31,36]

(5) Questionnaires and/or interviews [4,34].

Some studies used a combination of tests to assess sal-
ivary gland hypofunction [40,42-44]. All studies used sia-
lometry as a reference standard when evaluating the
different index tests. However, different secretions, in-
cluding stimulated and unstimulated glandular saliva, as
well as unstimulated whole saliva were used (Table 5).
Eleven of the included studies [31-37,41,43-45] used

established criteria for the classification of Sjögren’s syn-
drome as reference methods. Seven of these studies
[31,35-37,41,43,44] used the European Community Study
Group on diagnostic criteria for Sjögren’s syndrome as
reference method [48-52]. Two studies [32,34] used the
Copenhagen Criteria for the classification of Sjögren’s

syndrome [53] as reference method and two studies
[33,45] used the proposed criteria for Sjögren’s syndrome
according to Fox et al. [54] as a reference method. The
cut-off values defining salivary gland hypofunction in the
studies not using the above mentioned reference methods
are presented in Table 4.

Diagnostic accuracy
In all studies, the results of the test method were com-
pared to those of a reference method [4,31-47]. These
studies were interpreted according to the protocol based
on the QUADAS tool [30].
Based on this, it can be reported that the patient selec-

tion criteria were not clearly described [38-40,47], and the
test method [4] or the reference method [4,33,39,41,44]
were not described in sufficient detail to allow the study
to be reproduced. None of the included studies reported
uninterpretable/intermediate results or data on observer
or instrument variation. Authors’ judgements regarding
seven of the quality items in the QUADAS tool (Table 2,
questions no 1,4,6,9,10,11,12 and 13) are presented in
Figure 2.

Figure 1 Flow chart. Flow chart and selection process of the included publications.
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15 Were appropriate results presented (percentage of correct diagnoses, sensitivity, specificity, predictive values,
measures of ROC, likelihood ratios, or other relevant measures) and were these calculated appropriately?

() () ()

Interpreter:
Date:
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(2) Mucosal/surface tests; including mucosal dryness/
residual wetness tests, salivary smears and biopsies
[33,46]

(3) ‘Functional’ tests; including dissolutions tests of
candy or wafers [45,47]

(4) Glandular morphology; including scintigraphy or
sialography [31,36]

(5) Questionnaires and/or interviews [4,34].

Some studies used a combination of tests to assess sal-
ivary gland hypofunction [40,42-44]. All studies used sia-
lometry as a reference standard when evaluating the
different index tests. However, different secretions, in-
cluding stimulated and unstimulated glandular saliva, as
well as unstimulated whole saliva were used (Table 5).
Eleven of the included studies [31-37,41,43-45] used

established criteria for the classification of Sjögren’s syn-
drome as reference methods. Seven of these studies
[31,35-37,41,43,44] used the European Community Study
Group on diagnostic criteria for Sjögren’s syndrome as
reference method [48-52]. Two studies [32,34] used the
Copenhagen Criteria for the classification of Sjögren’s

syndrome [53] as reference method and two studies
[33,45] used the proposed criteria for Sjögren’s syndrome
according to Fox et al. [54] as a reference method. The
cut-off values defining salivary gland hypofunction in the
studies not using the above mentioned reference methods
are presented in Table 4.

Diagnostic accuracy
In all studies, the results of the test method were com-
pared to those of a reference method [4,31-47]. These
studies were interpreted according to the protocol based
on the QUADAS tool [30].
Based on this, it can be reported that the patient selec-

tion criteria were not clearly described [38-40,47], and the
test method [4] or the reference method [4,33,39,41,44]
were not described in sufficient detail to allow the study
to be reproduced. None of the included studies reported
uninterpretable/intermediate results or data on observer
or instrument variation. Authors’ judgements regarding
seven of the quality items in the QUADAS tool (Table 2,
questions no 1,4,6,9,10,11,12 and 13) are presented in
Figure 2.

Figure 1 Flow chart. Flow chart and selection process of the included publications.
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Table 3 Data of study populations and control groups in the studies included in the review

First author,
year of publication

Study population Control group

Al-Hashimi 1998 [31] 43 subjects: 39 age/gender/race matched healthy
control subjects

−38 with pSSa

−5 with sSSb

Age and gender not stated

Almståhl 2003 [32] 39 subjects: 12 control subjects

−9 subjects with history of head and neck radiation (10 females/2 males) with normal
salivary secretion rates
Mean age 54 yrs(2 females/8 malesc)

Mean age 55 yrs

−10 subjects with pSS

(10 females)

Mean age 57 yrs

−10 subjects treated with neuroleptic injections

(4 females/6 males)

Mean age 44 yrs

–10 subjects with hyposalivation due to
medication or unknown
origin

(9 females/1 male)

Mean age 54 yrs

El-Miedany 1999 [33] 25 subjects: 15 healthy age-matched controls

−15 with pSS Mean age 50 yrs

−10 with sSS 10 younger controls

(20 females/5 males) Mean age 26.2 yrs

Mean age 48 yrs Gender not stated

Håkansson 1994 [34] 17 subjects with pSS (15 females/2 males) 30 subjects with symptoms of dry
mouth and/or eyes

Mean age 63 yrs (21 females/9 males)

Mean age 69 yrs

12 subjects without symptoms of dry
mouth and/or eyes

(6 females/6 males)

Mean age 68 yrs

Hay 1998 [35] 341 subjects:

−189 females

Age (median) 49 yrs

−152 males

Age (median) 46 yrs

First author, year
of publication

Study population Control group

Kalk 2001 [36] 100 consecutive subjects: 36 healthy subjects

−33 with pSS (20 females/16 males)

(30 females/3 males) Mean age 39 yrs

Mean age 51 yrs

−25 with sSS

(21 females/4 males)
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Table 3 Data of study populations and control groups in the studies included in the review (Continued)

Mean age 54 yrs

−42 tested negative for SS

(40 females/2 males)

Mean age 55 yrs

Kalk 2002 [37] 20 subjects: 100 subjects (from previous study reported
above-see study population)

−2 with pSS

−5 with sSS

(6 females/1 male)

Mean age 62 yrs

−13 non-SS

(13 females)

Mean age 55 yrs

Kanehira 2009 [38] 9 subjects with complaints of decreased
salivary flow rate

31 healthy subjects

Age and gender reported for
all included subjects

(22 females/19 males)

Mean age 48.8 yrs

Kohn 1992 [39] 22 subjects: 33 healthy volunteers

−19 with pSS (20 females/13 males)

−1 with sSS Mean age 54.4 yrs

−2 with idiopathic xerostomia

(17 females/5 males)

Mean age 52.2 yrs

Lee 2002 [40] 20 subjects with dry mouth 20 age/gender matched healthy
control subjects

(unstimulated whole saliva flow rate <0.15 ml/min) (18 females/2 males)

(18 females/2 males) Mean age 42.6 yrs

Mean age 43.6 yrs

First author, year of publication Study population Control group

López-Jornet 2006 [41] 92 subjects: 70 healthy volunteers

−61 with pSS or sSS (35 females/35 males)

(50 females/11 males) Mean age 40.53 yrs

Mean age 57.08 yrs

−31 displaying symptoms of oral
dryness from different causes

(29 females/2 males)

Mean age 52.52 yrs

Navazesh 1992 [42] A total of 71 subjects were included. Unclear

Approx. half with salivary gland hypofunction,
defined as unstimulated whole salivary
flow rate ≤0.20 ml/min

Approx. half of the total number of
included subjects. Individuals with
normal salivary flow rates.

(48 females/23 males)

Mean age 52 yrs

Pedersen 1999 [43] 16 subjects: 14 healthy volunteers

(14 females/2 males) meeting the 1993
European classification for pSS.

(13 females/1 male)
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Table 3 Data of study populations and control groups in the studies included in the review (Continued)
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Seven of the included studies [4,31,37,41,44,45,47] pre-
sented their results as a percentage of correct diagnoses.

Secretion tests
One study [31] examined the application of three
different gel electrophoresis systems (SDS-PAGE,
anionic-PAGE, immobilized pH gradient (IPG)) in
the diagnosis of Sjögren’s syndrome. Tests of accur-
acy revealed that the immobilized pH grading

system had a specificity of 97%, sensitivity of 95%,
positive predictive value of 97% and negative pre-
dictive value of 95% in the diagnosis of Sjögren’s
syndrome.
In the study by Kalk et al. [37], reference values

of several salivary variables, i.e. sodium, chloride
and phosphate concentration in stimulated parotid
and submandibular/sublingual saliva, unstimulated
and stimulated submandibular/sublingual flow rates

Table 3 Data of study populations and control groups in the studies included in the review (Continued)

Mean age unclear Mean age 50 yrs

13 healthy volunteers

(12 females/1 male)

Mean age 24 yrs

Pennec 1993 [44] 72 consecutive subjects: 14 healthy subjects

- 40 subjects with pSS Mean age 64.7 yrs

−16 subjects with sSS Gender not stated

−16 subjects with connective tissue
disease but no evidence of sSS

(70 females/2males)

Mean age 59.4 yrs

Sánchez-Guerrero 2002 [45] 90 subjects: 152 healthy subjects

−30 subjects with pSS (106 females/46 males)

(29 females/1 male) Mean age 35.2 yrs

Mean age 50.6 yrs

−60 subjects with CTDs without SS

(50 females/10 males)

Mean age 37.4 yrs

First author, year of publication Study population Control group

Sreebny 1988 [4] 151 subjects with reported dry mouth 372 subjects without reported dry mouth

(109 females/42 males) (219 females/159 males)

Age range 18–55+ Age range 18–55+

Wolff 1998 [46] 50 subjects: 25 subjects with no perception of dry mouth
and no medication with resting salivary
flow rates > 1.0 ml/min

−25 subjects with complaints of ‘dry mouth’ due
to medication, with resting salivary flow
rates ≤0.1 ml/min

(15 females/10 males)
Mean age 44

(20 females/5 males)

Mean age 48.5

−25 subjects with complaints of ‘dry
mouth’ due to medication, with resting
salivary flow rates > 0.1 ml/min

(18/females/7 males)

Mean age 49.2

Wolff 2002 [47] 27 subjects with complaints of dry mouth 32 healthy subjects

Age and gender not stated Age and gender not stated
a pSS = primary Sjögren’s syndrome.
b sSS = secondary Sjögren’s syndrome.
c Female/male ratio according to table in original study.
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Table 4 Data of index test methods and reference methods in the studies included in the review

First author, year of publication Test method Reference method Authors’ conclusion

Al-Hashimi 1998 [31] 3 different gel
electrophoresis
systems

European Community criteria
for the diagnosis
of Sjögren’s syndrome [42]

Salivary electrophoresis is a potentially
useful test for the diagnosing of
Sjögren’s syndrome

▪SDS-PAGE

▪anionic-PAGE

▪immobilized pH
gradient (IPG)

Almståhl 2003 [32] Sialochemistry The Copenhagen criteria
for Sjögren’s syndrome [47]

The concentrations of electrolytes in
stimulated whole saliva, in individuals
with hyposalivation, seem to be more
related to the reason for the
hyposalivation than to the salivary
secretion rate.

El-Miedany 1999 [33] Salivary smears Criteria of Fox et al. for
Sjögren’s syndrome [48]

The saliva ferning test is a useful
diagnostic aid in autoimmune
xerostomia, approx equivalent to
Shrimer’s test in xeropthalmia

Håkansson 1994 [34] 99mTc-scintigraphy ▪Copenhagen criteria
for pSS [47]

Salivary gland scintigraphy is a sensitive
and valid method to measure salivary
gland function and abnormalities

▪Shrimer-1 test

▪van Bijsterveld score

▪Tear-film break-up time

Hay 1998 [35] Questionnaire ▪Sialometry [42-44] Only weak associations were found
between self-reported symptoms of
dry eyes and dry mouth and objective
measures said to define Sjögren’s
syndrome in the general population

▪Shrimer-1 test

▪Measurement of antibodies
(ELISA, indirect immunofluorescence,
Latex test)

Kalk 2001 [36] ▪Sialometry Revised European classification
criteria for SS [43-45]

Glandular sialometry and sialochemistry
are not useful tools for differentiating SS
from other salivary gland disease.

▪Sialochemistry Parotid sialography was used to
fulfill the criteria on the
oral component.

Kalk 2002 [37] ▪Sialometry Revised European classification
criteria for SS [43-45]

Gland-specific sialometry and sialochemistry
may eventually replace other, more
invasive, diagnostic techniques for
diagnosing SS.

▪Sialochemistry Parotid sialography was used to
fulfill the criteria on the
oral component.

Kanehira 2009 [38] Filter paper comprising
3 spots containing
30 μg starch and 49.6 μg
potassium iodide per spot.

Sialometry (unstimulated whole
saliva < 0.1 ml/min)a

This screening technique might be
effective for estimation of salivary flow.

Kohn 1992 [39] 99mTc-scintigraphy Sialometry (Unstimulated parotid
and SM/SL < 0.1 ml/min Stimulated
parotid and SM/SL < 0.6 ml/min)*

Salivary gland scintigraphy is a useful
method in assessing salivary
gland flow rates

Lee 2002 [40] ▪Oral mucosal wetness Sialometry (unstimulated whole
saliva <0.15 ml/min) a

Measurements of oral mucosal wetness
could be thought of as one of the
diagnostic methods for assessing
dry mouth.
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Table 4 Data of index test methods and reference methods in the studies included in the review (Continued)

▪Sialochemistry
(Sialopaper™

Periotron 8000W)

López-Jornet 2006 [41] Oral Schirmer’s test Revised European classification
criteria for SS [46]

Oral Shrimer’s test can be used as a simple,
objective test to diagnose salivary gland
hypofunction.

Navazesh 1992 [42] ▪Lip dryness Sialometry (unstimulated whole
saliva ≤0.20 ml/min) a

Four clinical measures that together
predict the presence of or absence
of salivary gland hypofunction were
identified: dryness of lips, dryness of
buccal mucosa, absence of saliva produced
by gland palpation, and total DMFT.

▪Buccal mucosal dryness

▪Salivary pool

▪Major salivary
gland palpation

▪Tongue mucosa

▪Periodontium

▪Total DMFT

Pedersen 1999 [43] ▪Sialometry European classification
for pSS [42]

Rating of oral dryness by visual
analogue scales or categorised
questionnaires are valuable for the
evaluation of oral involvement in pSS.

▪Labial salivary gland biopsy

▪Serological examination

▪Interview

▪Categorised questionnaire

▪VAS

Pennec 1993 [44] ▪Sialometry European classification
for pSS [42]

The most efficient combination of tests for
the oral component of SS appears to be
salivary gland scintigraphy plus saliva flow
rate or salivary lactoferrin.

▪Salivary lysozyme

▪Salivary lactofferin

▪Parotic sialography

▪Salivary gland
scintigraphy (99mTc)

▪Labial salivary
gland biopsy

Sánchez-Guerrero
2002 [45]

Wafer test For the oral component parotid
secretion rate
according to Fox et al. [48]

The wafer test is valid and reliable for
identifying subjects with xerostomia

▪European questionnaire
for sicca syndrome

▪Schirmer-1 test

Sreebny 1988 [4] Questionnaire Sialometry (unstimulated whole
saliva≤ 0.1 ml/min) a

Dry mouth and several other symptoms are
common in an outpatient population and
they are a valid indicator of salivary gland
hypofunction

Wolff 1998 [46] Oral mucosal
wetness(Sialopaper™

Periotron 6000W)

Sialometry (unstimulated whole
saliva≤ 0.1 ml/min) a Salivary pH

Measurement of palatal mucosal
wetness might be useful in assessing
medication compliance and may serve
as a guide to medication administration.
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and lag phase of parotid secretion were defined in order
to diagnose Sjögren’s syndrome. The most accurate test,
with a sensitivity of 85% and specificity of 96%, combined
stimulated submandibular/sublingual flow rate and par-
otid sodium and chloride concentration.
Oral Schirmer’s test was used as test method in one

study [41] for detecting salivary gland hypofunction.
Cut-off values for the unstimulated test (≤ 30 mm/
5 min, ≤ 40 mm/5 min, ≤ 50 mm/5 min, ≤ 60 mm/5 min),
and for the stimulated test (≤ 50 mm/5 min, ≤ 60 mm/
5 min, ≤ 70 mm/5 min, ≤ 80 mm/5 min) were examined
and sensitivity, specificity, positive predictive values and
negative predictive values were calculated. A cut-off value
of ≤30 mm/5 min for the unstimulated sialometric test
using Oral Shirmer’s test provided a sensitivity of 67.9%
and a specificity of 62.8%. A cut-off value of≤ 80 mm/
5 min for the stimulated test showed a sensitivity of
87.6%, specificity of 67.5%, positive predictive value of
55.7% and a negative predictive value of 7.8%.

Functional tests
A wafer test was used as a test method in one study [45]
to predict early salivary gland dysfunction and xerosto-
mia. Different cut-off values (3–7 min) were examined
and the best balance between sensitivity and specificity
was seen with a cut-off value of 4 min (wafer 4). This
cut-off value exhibited a sensitivity of 92.9%, specificity
of 71.7%, positive predictive value of 31.7%, negative pre-
dictive value of 98.6% and accuracy of 74.3%. With in-
creasing time, the specificity for reduced salivary flow
increased. Wafer 4 was compared with the European
questionnaire [48] in order to validate the test as a
screening instrument for low salivary flow and xerosto-
mia. For low salivary flow, the European questionnaire
[48] and the wafer 4 showed identical sensitivity. How-
ever, wafer 4 showed higher specificity, positive predict-
ive value, negative predictive value, and accuracy. For
xerostomia, wafer 4 showed higher sensitivity and nega-
tive predictive value when compared to the European
questionnaire [48].
An indirect method (candy weight loss) was used as a

test method in one study [47] to determine salivary out-
put level. Significant associations were found when com-
paring candy weight loss with stimulated parotid and
submandibular and sublingual saliva. When using a cut-
off value of 0.23 g candy loss, the sensitivity was 92%,
specificity 85% and the positive predictive value 82%.

Questionnaires
Sreebny and Valdini [4] determined the validity of using
symptoms related to dry mouth by using a question-
naire, to screen patients for salivary gland hypofunction.
The study population was classified into three groups
according to their ability to produce unstimulated whole
saliva. Flow rates of ≤ 0.1 ml/min were characterised as
“abnormal”, between 0.11 and 0.2 ml/min as “low nor-
mal”, and > 0.2 ml/min as “normal”. Determinations of
sensitivity, specificity and negative and positive predict-
ive values were made for xerostomia alone and for xer-
ostomia in combination with three symptoms that were
closely associated with it. A positive answer to the ques-
tion “Does your mouth usually feel dry” showed a sensi-
tivity of 93%, specificity of 68%, positive predictive value
of 54% and negative predictive value of 98%. When an
additional three symptoms were taken into account (dif-
ficulty with speech, trying to keep mouth moist and get-
ting out of bed to drink), the specificity increased to 91%
and the positive predictive value increased to 75%.

Secretion/glandular morphology
A combination of tests for the classification of the oral
component of Sjögren’s syndrome was examined in the
study by Pennec et al. [44]. The tests examined were sal-
ivary flow rate (unstimulated whole saliva), salivary lyso-
zyme, salivary lactoferrin, sialography, salivary gland
scintigraphy and labial salivary gland biopsy. The
authors concluded that the most efficient combination
of test for the oral component of Sjögren’s syndrome
was salivary gland biopsy (sensitivity 95%, specificity
75%, positive predictive value 90%, negative predictive
value 14%) plus salivary flow rate (sensitivity 68%, speci-
ficity 81%, positive predictive value 90%, negative pre-
dictive value 50%) or salivary lactoferrin (sensitivity 58%,
specificity 75%, positive predictive value 82%, negative
predictive value 53%).

Discussion
The aim of systematic reviews is to identify and evaluate
all available research evidence relating to a particular ob-
jective. An essential part of any systematic review is the
quality assessment of individual studies. Aspects such as
study design, methods of sample recruitment, the execu-
tion of the tests and the completeness of the study re-
port relate to the overall quality. The results of a
systematic review will be biased if the results of

Table 4 Data of index test methods and reference methods in the studies included in the review (Continued)

Wolff 2002 [47] 3-g-all-sucrose candy Sialometry (unstimulated SM/SL
< 0.1 ml/min + either stimulated
parotid <0.25 ml/min or stimulated
SM/SL < 0.15 ml/min) a

The candy weight-loss test is a
measure of salivary hypofunction,
which correlates with saliva output
and reports of subjective dry mouth

a Cut-off value defining salivary gland hypofunction.
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Table 4 Data of index test methods and reference methods in the studies included in the review (Continued)

▪Sialochemistry
(Sialopaper™

Periotron 8000W)

López-Jornet 2006 [41] Oral Schirmer’s test Revised European classification
criteria for SS [46]

Oral Shrimer’s test can be used as a simple,
objective test to diagnose salivary gland
hypofunction.

Navazesh 1992 [42] ▪Lip dryness Sialometry (unstimulated whole
saliva ≤0.20 ml/min) a

Four clinical measures that together
predict the presence of or absence
of salivary gland hypofunction were
identified: dryness of lips, dryness of
buccal mucosa, absence of saliva produced
by gland palpation, and total DMFT.

▪Buccal mucosal dryness

▪Salivary pool

▪Major salivary
gland palpation

▪Tongue mucosa

▪Periodontium

▪Total DMFT

Pedersen 1999 [43] ▪Sialometry European classification
for pSS [42]

Rating of oral dryness by visual
analogue scales or categorised
questionnaires are valuable for the
evaluation of oral involvement in pSS.

▪Labial salivary gland biopsy

▪Serological examination

▪Interview

▪Categorised questionnaire

▪VAS

Pennec 1993 [44] ▪Sialometry European classification
for pSS [42]

The most efficient combination of tests for
the oral component of SS appears to be
salivary gland scintigraphy plus saliva flow
rate or salivary lactoferrin.

▪Salivary lysozyme

▪Salivary lactofferin

▪Parotic sialography

▪Salivary gland
scintigraphy (99mTc)

▪Labial salivary
gland biopsy

Sánchez-Guerrero
2002 [45]

Wafer test For the oral component parotid
secretion rate
according to Fox et al. [48]

The wafer test is valid and reliable for
identifying subjects with xerostomia

▪European questionnaire
for sicca syndrome

▪Schirmer-1 test

Sreebny 1988 [4] Questionnaire Sialometry (unstimulated whole
saliva≤ 0.1 ml/min) a

Dry mouth and several other symptoms are
common in an outpatient population and
they are a valid indicator of salivary gland
hypofunction

Wolff 1998 [46] Oral mucosal
wetness(Sialopaper™

Periotron 6000W)

Sialometry (unstimulated whole
saliva≤ 0.1 ml/min) a Salivary pH

Measurement of palatal mucosal
wetness might be useful in assessing
medication compliance and may serve
as a guide to medication administration.
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and lag phase of parotid secretion were defined in order
to diagnose Sjögren’s syndrome. The most accurate test,
with a sensitivity of 85% and specificity of 96%, combined
stimulated submandibular/sublingual flow rate and par-
otid sodium and chloride concentration.
Oral Schirmer’s test was used as test method in one

study [41] for detecting salivary gland hypofunction.
Cut-off values for the unstimulated test (≤ 30 mm/
5 min, ≤ 40 mm/5 min, ≤ 50 mm/5 min, ≤ 60 mm/5 min),
and for the stimulated test (≤ 50 mm/5 min, ≤ 60 mm/
5 min, ≤ 70 mm/5 min, ≤ 80 mm/5 min) were examined
and sensitivity, specificity, positive predictive values and
negative predictive values were calculated. A cut-off value
of ≤30 mm/5 min for the unstimulated sialometric test
using Oral Shirmer’s test provided a sensitivity of 67.9%
and a specificity of 62.8%. A cut-off value of≤ 80 mm/
5 min for the stimulated test showed a sensitivity of
87.6%, specificity of 67.5%, positive predictive value of
55.7% and a negative predictive value of 7.8%.

Functional tests
A wafer test was used as a test method in one study [45]
to predict early salivary gland dysfunction and xerosto-
mia. Different cut-off values (3–7 min) were examined
and the best balance between sensitivity and specificity
was seen with a cut-off value of 4 min (wafer 4). This
cut-off value exhibited a sensitivity of 92.9%, specificity
of 71.7%, positive predictive value of 31.7%, negative pre-
dictive value of 98.6% and accuracy of 74.3%. With in-
creasing time, the specificity for reduced salivary flow
increased. Wafer 4 was compared with the European
questionnaire [48] in order to validate the test as a
screening instrument for low salivary flow and xerosto-
mia. For low salivary flow, the European questionnaire
[48] and the wafer 4 showed identical sensitivity. How-
ever, wafer 4 showed higher specificity, positive predict-
ive value, negative predictive value, and accuracy. For
xerostomia, wafer 4 showed higher sensitivity and nega-
tive predictive value when compared to the European
questionnaire [48].
An indirect method (candy weight loss) was used as a

test method in one study [47] to determine salivary out-
put level. Significant associations were found when com-
paring candy weight loss with stimulated parotid and
submandibular and sublingual saliva. When using a cut-
off value of 0.23 g candy loss, the sensitivity was 92%,
specificity 85% and the positive predictive value 82%.

Questionnaires
Sreebny and Valdini [4] determined the validity of using
symptoms related to dry mouth by using a question-
naire, to screen patients for salivary gland hypofunction.
The study population was classified into three groups
according to their ability to produce unstimulated whole
saliva. Flow rates of ≤ 0.1 ml/min were characterised as
“abnormal”, between 0.11 and 0.2 ml/min as “low nor-
mal”, and > 0.2 ml/min as “normal”. Determinations of
sensitivity, specificity and negative and positive predict-
ive values were made for xerostomia alone and for xer-
ostomia in combination with three symptoms that were
closely associated with it. A positive answer to the ques-
tion “Does your mouth usually feel dry” showed a sensi-
tivity of 93%, specificity of 68%, positive predictive value
of 54% and negative predictive value of 98%. When an
additional three symptoms were taken into account (dif-
ficulty with speech, trying to keep mouth moist and get-
ting out of bed to drink), the specificity increased to 91%
and the positive predictive value increased to 75%.

Secretion/glandular morphology
A combination of tests for the classification of the oral
component of Sjögren’s syndrome was examined in the
study by Pennec et al. [44]. The tests examined were sal-
ivary flow rate (unstimulated whole saliva), salivary lyso-
zyme, salivary lactoferrin, sialography, salivary gland
scintigraphy and labial salivary gland biopsy. The
authors concluded that the most efficient combination
of test for the oral component of Sjögren’s syndrome
was salivary gland biopsy (sensitivity 95%, specificity
75%, positive predictive value 90%, negative predictive
value 14%) plus salivary flow rate (sensitivity 68%, speci-
ficity 81%, positive predictive value 90%, negative pre-
dictive value 50%) or salivary lactoferrin (sensitivity 58%,
specificity 75%, positive predictive value 82%, negative
predictive value 53%).

Discussion
The aim of systematic reviews is to identify and evaluate
all available research evidence relating to a particular ob-
jective. An essential part of any systematic review is the
quality assessment of individual studies. Aspects such as
study design, methods of sample recruitment, the execu-
tion of the tests and the completeness of the study re-
port relate to the overall quality. The results of a
systematic review will be biased if the results of

Table 4 Data of index test methods and reference methods in the studies included in the review (Continued)

Wolff 2002 [47] 3-g-all-sucrose candy Sialometry (unstimulated SM/SL
< 0.1 ml/min + either stimulated
parotid <0.25 ml/min or stimulated
SM/SL < 0.15 ml/min) a

The candy weight-loss test is a
measure of salivary hypofunction,
which correlates with saliva output
and reports of subjective dry mouth

a Cut-off value defining salivary gland hypofunction.
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individual studies are synthesised without any consider-
ation of quality in terms of potential for bias, lack of ap-
plicability and the quality of reporting.
QUADAS [30] was the first systematically developed,

evidence based quality assessment tool to be used in sys-
tematic reviews of diagnostic accuracy studies. The
QUADAS tool [30] contains a detailed explanation of
the intention of each item, situations when the item does
not apply and how to score items. This allows for minor
adaptations in specific areas. The QUADAS tool [30]
does not incorporate quality scores to assess the level of
evidence. Since the importance of individual items and
their potential biases may vary according to the context
in which they are applied, incorporation of quality scores
into the results of a review may generate different mag-
nitudes of bias and lead to different conclusions regard-
ing the effect of study quality on estimates of diagnostic
accuracy. Instead, it has been proposed that a systematic
review should involve a component approach, where the
association of individual quality items with test accuracy
are investigated individually [55].
The QUADAS tool [30] was used in the present sys-

tematic review since it is a standardised approach to
quality assessment and since the criteria needed to as-
sess the quality of diagnostic test evaluations differ from
those needed to assess evaluations of therapeutic inter-
ventions [56].
In the present review, modifications were done to

adapt the QUADAS tool [30] to better correspond to the
objectives of the study. Two questions (numbers 6 and
7) were excluded from the 14 questions of the final
QUADAS tool [30] and two were added from the ori-
ginal list of 28. In addition, question number 3 was
modified into two sub-questions.
When interpreting the studies with the aid of the

QUADAS tool [30] it could be established that some

Table 5 Salivary secretions used as reference method in
the included studies

First author, year of publication Secretion

Al-Hashimi 1998 [31] Stimulated parotid saliva
(2%citric acid)

Almståhl 2003 [32] Unstimulated whole saliva

El-Miedany 1999 [33] Unstimulated whole saliva

Håkansson 1994 [34] Unstimulated whole saliva

Hay 1998 [35] Unstimulated whole saliva

Kalk 2001 [36] Unstimulated and stimulated
(2% citric acid) parotid and
SM/SL saliva

Kalk 2002 [37] Unstimulated and stimulated
(2% citric acid)parotid and
SM/SL saliva

Kanehira 2009 [38] Unstimulated whole saliva

Kohn 1992 [39] Unstimulated and stimulated
(2% citric acid) parotid and
SM/SL saliva

Lee 2002 [40] Unstimulated whole saliva

López-Jornet 2006 [41] Unstimulated and stimulated
(4% citric acid) whole saliva

Navazesh 1992 [42] Unstimulated and stimulated
(inert gum base) whole saliva
and stimulated (candy-stimulated
and acid-stimulated 0.15 mol/L
citric acid) parotid saliva.

Pedersen 1999 [43] Unstimulated whole saliva

Pennec 1993 [44] Unstimulated whole saliva

Sánchez-Guerrero 2002 [45] Unstimulated whole saliva

Sreebny 1988 [4] Unstimulated and stimulated
(paraffin) whole saliva

Wolff 1998 [46] Unstimulated whole saliva

Wolff 2002 [47] Unstimulated and stimulated (2%
citric acid) parotid and SM/SL saliva

0% 20% 40% 60% 80% 100%

Withdrawals
explained

Uninterpretable test
results reported

Relevant clinical
information

Index test results
blinded

Reference standard
results blinded

Partial verification

Acceptable reference
standard

Representative
spectrum of patients

Yes

No

Unclear

Figure 2 Quality assessment. Quality assessment of individual QUADAS items presented as percentages across all included studies.
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studies showed shortcomings in describing the selection
criteria clearly and in describing the test method or the
reference method in such detail that it could be repro-
duced. A sufficient description of the tests is important
since variations in measures of diagnostic accuracy can
be traced back to differences in the execution of the
tests. A clear description is also needed in order to im-
plement the test in another setting. None of the included
studies reported uninterpretable/intermediate results or
data on observer or instrument variation. A diagnostic
test can produce uninterpretable/intermediate results
with varying frequency. If these results are removed from
the analysis, it may lead to biased assessments of the test
characteristics. Furthermore, it can be questioned if some
of the studies presented appropriate results.
When scoring QUADAS items [30] as unclear it is dif-

ficult to be certain if this indicates poor methods with
the attendant consequences for bias and/or variation, or
simply poor reporting of a methodologically sound
study. The STARD initiative [57] has proposed standards
for the reporting of diagnostic accuracy studies. If these
standards are widely adopted, reviewers might be able to
assess methodological quality rather than the quality of
reporting. The aim of test accuracy studies is to assess
how well a test can distinguish between subjects with
and without the disease/condition of interest. There are
two basic types of test accuracy study: (1) The single-
gate design which includes participants in whom the dis-
ease status is unknown, and compares the results of the
index test with those of a reference standard used to
confirm diagnosis. This design is broadly representative
of the setting in which the test would be used in prac-
tice. (2) The two-gate design compares the results of the
index test in patients with an established diagnosis of
the target condition with its results in healthy controls
or controls with another diagnosis. This design has in-
herent problems that may lead to bias. The inclusion of
healthy controls is likely to lead to over estimations of
specificity and the selective inclusion of cases with more
advanced disease is likely to lead to over estimations of
sensitivity [58]. The two-gate studies can however be
useful in the earlier phases of test development.
Addressing the question formulated to specify the

problem, it can be concluded that whilst a variety of
tests to diagnose oral dryness have been examined,
only a few have been validated in terms of diagnostic
accuracy. Eight of the included studies presented their
results as percentage of correct diagnoses. Four of these
studies used European Community Study Group on clas-
sification criteria for Sjögren’s syndrome [48-52] as refer-
ence method. The European classification criteria for
Sjögren’s syndrome were developed and validated between
1989 and 1996 and have received broad acceptance by the
scientific community. Since the reference standard is an

important determinant of the diagnostic accuracy of a test,
it raises the question of why all of studies aimed at the
evaluation of tests for the diagnosis of Sjögren’s syndrome
did not use the same reference method.
Although these criteria have received a broad accept-

ance, some criticism has been raised concerning the in-
clusion of subjective test (symptoms), physiologic
measures that lack specificity and alternate objective
tests that are not diagnostically equivalent.
Recently, the American College of Rheumatology [59]

proposed new classification criteria for Sjögren’s syn-
drome. These criteria are based on expert opinion eli-
cited using the nominal group technique and analyses of
data from the Sjögren’s International Collaborative Clin-
ical Alliance [60]. The proposed criteria are: 1) positive
serum anti-SSA and/or anti-SSB or (positive rheumatoid
factor and antinuclear antibody titer ≥1:320), 2) ocular
staining score ≥3, or 3) presence of focal lymphocytic
sialadenitis with a focus score ≥1 focus/4 mm2 in saliv-
ary gland biopsy samples. Case definition requires at
least 2 of the 3 above mentioned objective features.
Thus, only objective tests and not subjective tests (symp-
toms) are included since symptoms of dry mouth and/or
eyes can lead to misclassification of asymptomatic
patients. For the salivary and ocular phenotypic features
of Sjögren’s syndrome the results did not identify any
suitable alternate tests besides labial salivary gland bi-
opsy. While unstimulated salivary flow rate <0.1 ml/min
had good sensitivity, it had low specificity compared to
the labial salivary gland biopsy to measure focal lympho-
cytic sialadenitis with a focus score ≥1 [59]. Seven of the
studies interpreted in this review evaluated different
tests for determining decreased salivary flow and used
sialometry as a reference method. These studies revealed
heterogeneity with respect to source of secretion
whether unstimulated or stimulated. Cut-off values de-
fining salivary gland hypofunction also varied. As stated
earlier, without proper individual baseline information, it
is almost impossible to ascertain if the level of a patient’s
salivary flow rate is below the ‘normal’. When using sia-
lometry for diagnosing salivary dysfunction it can be
argued if the method is used as a diagnostic tool or ra-
ther as a verification of an already established condition.
Sreebny [61] proposed that the low cut-off values should
be viewed as values which “flag” or “raise suspicion”
about the presence of a disease. They do not indicate
that the person who demonstrates such values definitely
has a disease.
The fact that there is no global consensus regarding

the terminology of oral dryness, although many authors
distinguish between xerostomia, denoting the subjective
feeling, and hyposalivation, denoting a decreased salivary
flow rate, creates a problem for research, diagnosis, and
therapy. As for research, this problem is illustrated when

Löfgren et al. BMC Oral Health 2012, 12:29 Page 13 of 16
http://www.biomedcentral.com/1472-6831/12/29



individual studies are synthesised without any consider-
ation of quality in terms of potential for bias, lack of ap-
plicability and the quality of reporting.
QUADAS [30] was the first systematically developed,

evidence based quality assessment tool to be used in sys-
tematic reviews of diagnostic accuracy studies. The
QUADAS tool [30] contains a detailed explanation of
the intention of each item, situations when the item does
not apply and how to score items. This allows for minor
adaptations in specific areas. The QUADAS tool [30]
does not incorporate quality scores to assess the level of
evidence. Since the importance of individual items and
their potential biases may vary according to the context
in which they are applied, incorporation of quality scores
into the results of a review may generate different mag-
nitudes of bias and lead to different conclusions regard-
ing the effect of study quality on estimates of diagnostic
accuracy. Instead, it has been proposed that a systematic
review should involve a component approach, where the
association of individual quality items with test accuracy
are investigated individually [55].
The QUADAS tool [30] was used in the present sys-

tematic review since it is a standardised approach to
quality assessment and since the criteria needed to as-
sess the quality of diagnostic test evaluations differ from
those needed to assess evaluations of therapeutic inter-
ventions [56].
In the present review, modifications were done to

adapt the QUADAS tool [30] to better correspond to the
objectives of the study. Two questions (numbers 6 and
7) were excluded from the 14 questions of the final
QUADAS tool [30] and two were added from the ori-
ginal list of 28. In addition, question number 3 was
modified into two sub-questions.
When interpreting the studies with the aid of the

QUADAS tool [30] it could be established that some

Table 5 Salivary secretions used as reference method in
the included studies

First author, year of publication Secretion

Al-Hashimi 1998 [31] Stimulated parotid saliva
(2%citric acid)

Almståhl 2003 [32] Unstimulated whole saliva

El-Miedany 1999 [33] Unstimulated whole saliva

Håkansson 1994 [34] Unstimulated whole saliva

Hay 1998 [35] Unstimulated whole saliva

Kalk 2001 [36] Unstimulated and stimulated
(2% citric acid) parotid and
SM/SL saliva

Kalk 2002 [37] Unstimulated and stimulated
(2% citric acid)parotid and
SM/SL saliva

Kanehira 2009 [38] Unstimulated whole saliva

Kohn 1992 [39] Unstimulated and stimulated
(2% citric acid) parotid and
SM/SL saliva

Lee 2002 [40] Unstimulated whole saliva

López-Jornet 2006 [41] Unstimulated and stimulated
(4% citric acid) whole saliva

Navazesh 1992 [42] Unstimulated and stimulated
(inert gum base) whole saliva
and stimulated (candy-stimulated
and acid-stimulated 0.15 mol/L
citric acid) parotid saliva.

Pedersen 1999 [43] Unstimulated whole saliva

Pennec 1993 [44] Unstimulated whole saliva

Sánchez-Guerrero 2002 [45] Unstimulated whole saliva

Sreebny 1988 [4] Unstimulated and stimulated
(paraffin) whole saliva

Wolff 1998 [46] Unstimulated whole saliva

Wolff 2002 [47] Unstimulated and stimulated (2%
citric acid) parotid and SM/SL saliva
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Figure 2 Quality assessment. Quality assessment of individual QUADAS items presented as percentages across all included studies.
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studies showed shortcomings in describing the selection
criteria clearly and in describing the test method or the
reference method in such detail that it could be repro-
duced. A sufficient description of the tests is important
since variations in measures of diagnostic accuracy can
be traced back to differences in the execution of the
tests. A clear description is also needed in order to im-
plement the test in another setting. None of the included
studies reported uninterpretable/intermediate results or
data on observer or instrument variation. A diagnostic
test can produce uninterpretable/intermediate results
with varying frequency. If these results are removed from
the analysis, it may lead to biased assessments of the test
characteristics. Furthermore, it can be questioned if some
of the studies presented appropriate results.
When scoring QUADAS items [30] as unclear it is dif-

ficult to be certain if this indicates poor methods with
the attendant consequences for bias and/or variation, or
simply poor reporting of a methodologically sound
study. The STARD initiative [57] has proposed standards
for the reporting of diagnostic accuracy studies. If these
standards are widely adopted, reviewers might be able to
assess methodological quality rather than the quality of
reporting. The aim of test accuracy studies is to assess
how well a test can distinguish between subjects with
and without the disease/condition of interest. There are
two basic types of test accuracy study: (1) The single-
gate design which includes participants in whom the dis-
ease status is unknown, and compares the results of the
index test with those of a reference standard used to
confirm diagnosis. This design is broadly representative
of the setting in which the test would be used in prac-
tice. (2) The two-gate design compares the results of the
index test in patients with an established diagnosis of
the target condition with its results in healthy controls
or controls with another diagnosis. This design has in-
herent problems that may lead to bias. The inclusion of
healthy controls is likely to lead to over estimations of
specificity and the selective inclusion of cases with more
advanced disease is likely to lead to over estimations of
sensitivity [58]. The two-gate studies can however be
useful in the earlier phases of test development.
Addressing the question formulated to specify the

problem, it can be concluded that whilst a variety of
tests to diagnose oral dryness have been examined,
only a few have been validated in terms of diagnostic
accuracy. Eight of the included studies presented their
results as percentage of correct diagnoses. Four of these
studies used European Community Study Group on clas-
sification criteria for Sjögren’s syndrome [48-52] as refer-
ence method. The European classification criteria for
Sjögren’s syndrome were developed and validated between
1989 and 1996 and have received broad acceptance by the
scientific community. Since the reference standard is an

important determinant of the diagnostic accuracy of a test,
it raises the question of why all of studies aimed at the
evaluation of tests for the diagnosis of Sjögren’s syndrome
did not use the same reference method.
Although these criteria have received a broad accept-

ance, some criticism has been raised concerning the in-
clusion of subjective test (symptoms), physiologic
measures that lack specificity and alternate objective
tests that are not diagnostically equivalent.
Recently, the American College of Rheumatology [59]

proposed new classification criteria for Sjögren’s syn-
drome. These criteria are based on expert opinion eli-
cited using the nominal group technique and analyses of
data from the Sjögren’s International Collaborative Clin-
ical Alliance [60]. The proposed criteria are: 1) positive
serum anti-SSA and/or anti-SSB or (positive rheumatoid
factor and antinuclear antibody titer ≥1:320), 2) ocular
staining score ≥3, or 3) presence of focal lymphocytic
sialadenitis with a focus score ≥1 focus/4 mm2 in saliv-
ary gland biopsy samples. Case definition requires at
least 2 of the 3 above mentioned objective features.
Thus, only objective tests and not subjective tests (symp-
toms) are included since symptoms of dry mouth and/or
eyes can lead to misclassification of asymptomatic
patients. For the salivary and ocular phenotypic features
of Sjögren’s syndrome the results did not identify any
suitable alternate tests besides labial salivary gland bi-
opsy. While unstimulated salivary flow rate <0.1 ml/min
had good sensitivity, it had low specificity compared to
the labial salivary gland biopsy to measure focal lympho-
cytic sialadenitis with a focus score ≥1 [59]. Seven of the
studies interpreted in this review evaluated different
tests for determining decreased salivary flow and used
sialometry as a reference method. These studies revealed
heterogeneity with respect to source of secretion
whether unstimulated or stimulated. Cut-off values de-
fining salivary gland hypofunction also varied. As stated
earlier, without proper individual baseline information, it
is almost impossible to ascertain if the level of a patient’s
salivary flow rate is below the ‘normal’. When using sia-
lometry for diagnosing salivary dysfunction it can be
argued if the method is used as a diagnostic tool or ra-
ther as a verification of an already established condition.
Sreebny [61] proposed that the low cut-off values should
be viewed as values which “flag” or “raise suspicion”
about the presence of a disease. They do not indicate
that the person who demonstrates such values definitely
has a disease.
The fact that there is no global consensus regarding

the terminology of oral dryness, although many authors
distinguish between xerostomia, denoting the subjective
feeling, and hyposalivation, denoting a decreased salivary
flow rate, creates a problem for research, diagnosis, and
therapy. As for research, this problem is illustrated when
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using Medical Subject Headings (MeSH). MeSH is the
National Library of Medicine’s controlled vocabulary
thesaurus used for indexing articles for PubMed. The
MeSH database defines xerostomia as decreased salivary
flow, which is incorrect since a sensation of oral dryness
can occur in subjects with a normal salivary flow. Neder-
fors [12] proposed to divide the term “salivary gland
hypofunction” into 3 different entities: xerostomia, de-
noting the subjective feeling; hyposalivation, denoting
the decreased salivary flow rate; and altered saliva com-
position. This classification accepts that xerostomia may
exist without signs of hyposalivation, that hyposalivation
may be a symptomless condition and that an altered sal-
iva composition may exist even if the saliva secretion
rate is unaffected and without subjective symptoms.
These three entities are inter-related and can influence
each other in different ways.
Over the last decade, advances have been made

regarding proteomic and genomic approaches to identify
potential biomarkers that may be used in the detection
of different diseases, e.g. Sjögren’s syndrome [62]. Saliva
is a biofluid that is readily accessible via noninvasive
methods, and therefore a perfect medium to be explored
for purposes to monitor health status, disease onset and
progression, and treatment outcome. Salivary diagnostic
technologies identifying specific biomarkers associated
with disease may in the future be used to verify general
diseases behind salivary gland hypofunction [63]. It
should also be mentioned that in the absence of an effi-
cient treatment, a diagnostic method has little value.
The basic causes of oral dryness are difficult to treat and
many methods have been tested to stimulate saliva se-
cretion and ease the patient’s discomfort, e.g., saliva-
stimulating tablets and artificial saliva. Several studies
have evaluated the efficacy of such preparations but
there is no documented evidence of their effect on oral
health [64-66].
Currently, diagnostic methods are addressing quantity

and content of saliva in bulk and few qualitative tests of
saliva, in bulk or of saliva as an adsorbed thin film, are
at this date available for describing the protective func-
tions of saliva.
Since changes in the protective functions of saliva may

occur, there is a need for effective diagnostic criteria and
functional tests in order to discern which individuals
with oral dryness will require oral treatment, such as al-
leviation of discomfort and/or prevention of diseases.
An important component in determining the useful-

ness of a test is the evaluation of the diagnostic ac-
curacy, but the clinical value lies in improving a
patient’s condition or health. The clinical value, i.e.
how the results of a test affects the clinical decision-
making and the effect on the patient’s wellbeing are
important factors when evaluating diagnostic tests or

methods. A method with high diagnostic accuracy
may not always be efficient and useful for the patient.
Studies that investigate the value of diagnostic inter-
ventions are scarce and seldom available for new test
methods. In addition, appropriate reference standards
for many disorders are lacking.

Conclusions
The aim of this systematic review was to evaluate the
quality of evidence for diagnostic methods used to iden-
tify oral dryness and their clinical application.
After assessing the quality of the retrieved studies,

it may be concluded that the evidence for the efficacy
of clinical methods to assess oral dryness is sparse.
When evaluating the retrieved studies by using the
QUADAS tool [30], many of the studies exhibited
shortcomings. Standards for the reporting of diagnos-
tic accuracy studies have been suggested, such as the
STARD initiative [30]. If these standards are widely
adopted, the quality of reporting will be improved
and the methodological quality of diagnostic accuracy
studies will be easier to assess. This will, as a conse-
quence, benefit patients.
A global consensus regarding the terminology of oral

dryness is needed in order to facilitate diagnosis and
treatment and continued research.
Changes in the protective functions of saliva may

occur, which might affect oral health.
There is a need for effective diagnostic criteria and

functional tests in order to detect those individuals with
oral dryness who may require treatment, such as allevi-
ation of discomfort and/or prevention of diseases.
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using Medical Subject Headings (MeSH). MeSH is the
National Library of Medicine’s controlled vocabulary
thesaurus used for indexing articles for PubMed. The
MeSH database defines xerostomia as decreased salivary
flow, which is incorrect since a sensation of oral dryness
can occur in subjects with a normal salivary flow. Neder-
fors [12] proposed to divide the term “salivary gland
hypofunction” into 3 different entities: xerostomia, de-
noting the subjective feeling; hyposalivation, denoting
the decreased salivary flow rate; and altered saliva com-
position. This classification accepts that xerostomia may
exist without signs of hyposalivation, that hyposalivation
may be a symptomless condition and that an altered sal-
iva composition may exist even if the saliva secretion
rate is unaffected and without subjective symptoms.
These three entities are inter-related and can influence
each other in different ways.
Over the last decade, advances have been made

regarding proteomic and genomic approaches to identify
potential biomarkers that may be used in the detection
of different diseases, e.g. Sjögren’s syndrome [62]. Saliva
is a biofluid that is readily accessible via noninvasive
methods, and therefore a perfect medium to be explored
for purposes to monitor health status, disease onset and
progression, and treatment outcome. Salivary diagnostic
technologies identifying specific biomarkers associated
with disease may in the future be used to verify general
diseases behind salivary gland hypofunction [63]. It
should also be mentioned that in the absence of an effi-
cient treatment, a diagnostic method has little value.
The basic causes of oral dryness are difficult to treat and
many methods have been tested to stimulate saliva se-
cretion and ease the patient’s discomfort, e.g., saliva-
stimulating tablets and artificial saliva. Several studies
have evaluated the efficacy of such preparations but
there is no documented evidence of their effect on oral
health [64-66].
Currently, diagnostic methods are addressing quantity

and content of saliva in bulk and few qualitative tests of
saliva, in bulk or of saliva as an adsorbed thin film, are
at this date available for describing the protective func-
tions of saliva.
Since changes in the protective functions of saliva may

occur, there is a need for effective diagnostic criteria and
functional tests in order to discern which individuals
with oral dryness will require oral treatment, such as al-
leviation of discomfort and/or prevention of diseases.
An important component in determining the useful-

ness of a test is the evaluation of the diagnostic ac-
curacy, but the clinical value lies in improving a
patient’s condition or health. The clinical value, i.e.
how the results of a test affects the clinical decision-
making and the effect on the patient’s wellbeing are
important factors when evaluating diagnostic tests or

methods. A method with high diagnostic accuracy
may not always be efficient and useful for the patient.
Studies that investigate the value of diagnostic inter-
ventions are scarce and seldom available for new test
methods. In addition, appropriate reference standards
for many disorders are lacking.

Conclusions
The aim of this systematic review was to evaluate the
quality of evidence for diagnostic methods used to iden-
tify oral dryness and their clinical application.
After assessing the quality of the retrieved studies,

it may be concluded that the evidence for the efficacy
of clinical methods to assess oral dryness is sparse.
When evaluating the retrieved studies by using the
QUADAS tool [30], many of the studies exhibited
shortcomings. Standards for the reporting of diagnos-
tic accuracy studies have been suggested, such as the
STARD initiative [30]. If these standards are widely
adopted, the quality of reporting will be improved
and the methodological quality of diagnostic accuracy
studies will be easier to assess. This will, as a conse-
quence, benefit patients.
A global consensus regarding the terminology of oral

dryness is needed in order to facilitate diagnosis and
treatment and continued research.
Changes in the protective functions of saliva may

occur, which might affect oral health.
There is a need for effective diagnostic criteria and

functional tests in order to detect those individuals with
oral dryness who may require treatment, such as allevi-
ation of discomfort and/or prevention of diseases.
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Screening for Oral Dryness in Relation to Salivary Flow
Rate Addresses the Need for Functional Tests of Saliva

Christina Diogo Löfgrena/Per-Erik Isbergb/Cecilia Christerssona

Purpose: The aim of the present study was to assess the occurrence of reported subjective oral dryness in relation
to objective sialometric values in a randomly selected group and a dental care-seeking group.

Materials and Methods: A questionnaire assessing subjective oral dryness was sent out to a randomly selected sample
of 200 individuals. The dental care-seeking group was recruited from among patients attending the Department of Oral
Diagnostics, Malmö University. A total of 200 patients were asked to participate in the present study. In total, 312
individuals (78%) completed the survey and 157 individuals agreed to participate in the complementary clinical
examination that included measures of salivary flow rate.

Results: The reported subjective oral dryness was 20% and 28.6% for the randomly selected group and the dental care-
seeking group, respectively. No statistically significant differences were found between the two study populations with
regard to percentage of reported subjective oral dryness, and stimulated and unstimulated salivary flow rates (P > 0.05).
In the dental care-seeking group, individuals reporting subjective oral dryness presented ‘a small degree of abrasion in
the dentine in the incisor region’ to a greater extent (P < 0.05). No statistically significant association between
subjective oral dryness and unstimulated and stimulated salivary flow rates was found in either of the studied
populations (P > 0.05). Individuals identified with subjective or objective oral dryness presented to a greater extent a
history of oral rehabilitation compared to individuals who showed no indication of oral dryness.

Conclusions: No association between sialometric measures and subjective report of oral dryness was found in the
present study.

Key words: dry mouth, oral dryness, saliva, sialometry, xerostomia
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SSaliva plays an important role in protecting oral
soft tissues, teeth, and restorations from wear,

demineralisation, dehydration and influence of exter-
nal chemicals. To exercise this protective function,
the saliva spreads out as a thin film over oral tissues,
and, if present, also over dental reconstructions
(Meckel, 1965; Sonju and Glantz, 1975; Rolla,

1977; Baier and Glantz, 1978). This salivary film con-
stitutes the first layer of the protective barrier in the
oral cavity together with the most superficial cell lay-
ers of the oral mucosa. Dynamic molecular interac-
tions taking place at these salivary interfaces are
most likely pertinent to how the protective functions
of saliva are expressed and perceived by the individ-
ual (Helmerhorst and Oppenheim, 2007). Saliva is
also important for the preservation and maintenance
of oral health. Without adequate salivary gland func-
tion, an individual may experience severe impairment
of oral health (Mandel, 1987, 1989; Ship et al,
1991), with difficulties in speech, mastication, swal-
lowing, digestion, and concomitant physical and psy-
chological indisposition. An alteration in the normal
function of salivary film in the oral cavity could also
result in an increase in plaque-mediated diseases,
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namely dental caries and gingivitis, and may make
the oral soft tissues more susceptible to desiccation
and environmental insult. Abrasion on teeth and un-
predicted wear of dental restorations can also be
seen due to an alteration in the normal salivary film
function (Levine et al, 1987). Attempts have been
made to establish normal ranges of salivary secretion
rates. The literature suggests 0.1 ml/min as a lower
limit of normal unstimulated whole saliva output
(Ericsson and Hardwick, 1978). Symptoms of dry
mouth often occur when the salivary flow rate is
reduced by about 50%, but can also be experienced
within what is regarded as the normal salivary flow
rate range (Sreebny et al, 1989; Ship et al, 1991).
Unless the mouth is almost dry, without proper indi-
vidual baseline information it is almost impossible
to ascertain if the level of a patient’s salivary flow rate
is below ‘normal’.

The most advocated clinical method for measuring
saliva function today is to quantitate unstimulated
and stimulated whole saliva (sialometry). Few qualita-
tive tests of saliva, in bulk or as an adsorbed thin film,
are available to date for routine diagnostic measures.
The prevalence of dry mouth varies widely in the liter-
ature, from10% to 80%, and also in reports where the
patients describe their oral comfort/discomfort lev-
els. This suggests weak to no correlation between
measures of salivary flow rates and an individual’s
own subjective description (Ericsson and Hardwick,
1978; Fox et al, 1987; Sreebny and Valdini, 1988).
This feature also indicates that the lubrication and
hydration functions of saliva may be more dependent
on the structure and composition of the saliva secre-
tions than on the quantity of saliva secreted alone
(Ericsson and Hardwick, 1978; Klestov et al, 1981;
Johnson et al, 1984). Furthermore, many studies
have investigated the prevalence of dry mouth symp-
toms and their correlation with saliva production in
individuals aged 50 and above. Data with regard to
persons aged below 50 are scarce, and very few stud-
ies have been carried out on a randomly selected pop-
ulation (Osterberg et al, 1984; Fox et al, 1985;
Jobbins et al, 1992; Locker, 1993, 1995; Narhi,
1994; Billings et al, 1996).

With regard to an increasingly elderly population,
and its dependent use of medication, a multitude
of negative side effects associated with dis-
turbed salivary function will present a medico-
socioeconomic problem not only for the individual
per se but also for society in the near future.

The aim of the present study was to survey the
occurrence of subjective (questionnaire) and objec-
tive (sialometry) oral dryness among (a) randomly

selected individuals in the Malmö region and (b)
patients seeking dental care at the Faculty of Odon-
tology, Malmö University, and to analyse the relation-
ship between subjective and objective oral dryness
to clinical parameters.

The following hypotheses were addressed in the
present study:

– studies carried out on selected patient popula-
tions suggest weak to no correlation between
measures of salivary flow rates and individuals’
own subjective descriptions; thus no correlation
between subjective and objective oral dryness
was presumed to exist in a randomly selected
population based upon a questionnaire and sali-
vary flow measures

– the prevalence of subjective oral dryness was pre-
sumed to be higher among individuals seeking
dental care based on the assumption that this
group seeks care due to more frequent oral
complaints

– individuals with subjective and objective oral dry-
ness seeking dental care, in comparison with indi-
viduals in a randomly selected population, present
a higher prevelance of oral diseases and therefore
receive more extensive oral treatment.

MATERIALS AND METHODS

Study populations

Two populations were analysed, one in which the par-
ticipants were randomly selected and the other of
individuals seeking dental care. The randomly
selected group comprised 200 individuals (110
women and 90 men, aged 20 to 80) in the Malmö
region, drawn from the public registration of all
nationally registered persons in Sweden (SPAR).
The randomly selected group was divided into the fol-
lowing age cohorts: 20 to 29 years, 30 to 39 years,
40 to 49 years, 50 to 59 years, and 60 years and
above. Each cohort comprised 40 individuals.

The dental care-seeking group was recruited from
among patients attending the Department of Oral
Diagnostics, Faculty of Odontology, Malmö Univer-
sity, during the period of March 2004 to December
2006. A total of 200 patients (117 women and 83
men, aged 22 to 90 years) were asked to participate
in the present study in connection with their visits to
the Department of Oral Diagnostics. These patients
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were distributed as follows according to age: 20 to
29 years—27 individuals; 30 to 39 years—27 indi-
viduals; 40 to 49 years—42 individuals; 50 to
59 years—37 individuals; and 60 years and
above—59 individuals.

Questionnaire

A questionnaire was sent out to all 200 persons in
the randomly selected group. The questionnaire
included questions pertaining to year of birth, gen-
der, diagnosed diseases, medication and tobacco/
snuff use. Questions addressing oral complaints
such as oral lesions were also raised. The question
‘Does your mouth usually feel dry’ was used as an
indicator of subjective oral dryness. A positive
answer to this question led to further enquiries
regarding time and duration of mouth dryness. The
use of remedies, difficulties in mastication and swal-
lowing due to mouth dryness, and perceived general
and oral health were also explored. Three reminders
were sent out at three-week intervals. The question-
naire also included a question pertaining to participa-
tion in a complementary clinical examination and
determination of salivary flow rate.

Those who had recorded a telephone number
were contacted for an appointment.

The patients attending the Department of Oral
Diagnostics, Faculty of Odontology, Malmö Univer-
sity, were given the questionnaire on completion of
their regular examination and were left in privacy to
complete it.

Complementary clinical examination

The clinical examination included the registration of
decayed, missing and filled tooth surfaces (DMFS)
and teeth (DMFT). Degree of abrasion was recorded
as no abrasion (0), abrasion confined to enamel
(1), a small degree of abrasion in dentine (2), exten-
sive abrasion in dentine (3) and abrasion greater than
half of the height of the clinical crown (4). Registra-
tion was made for the different groups of teeth (inci-
sors, canines, premolars and molars). The prosthetic
status included registration of existing bridge(s), par-
tial denture(s) and full removable denture(s) in the
maxilla and mandible. The texture and appearance
of all mucosal surfaces were also examined. The clin-
ical protocol was designed according to the Oral
Health Surveys (WHO, 1997). One examiner con-
ducted the clinical examination.

Determination of salivary flow rate (sialometry)

In conjunction with the oral examination, the partic-
ipants in both groups were asked to donate unstim-
ulated and stimulated whole saliva. The persons in
the randomly selected group were instructed to
refrain from smoking (including smokeless
tobacco), eating, drinking or any oral hygiene prac-
tice for 2 h prior to the saliva collection procedures
(Ericsson and Hardwick, 1978). Since the patient
group was asked to join the present study when
at the clinic, the time of eating, drinking, smoking
and oral hygiene practice prior to the visit was
registered.

Both resting whole saliva and stimulated whole
saliva were collected into a graduated test tube. Stim-
ulated whole saliva was collected through chewing
PARA FILM ‘M’ of standardised size (5 cm · 5 cm,
Laboratory film, American Can Company, Dixie/
Marathon, Greenwich, CT, USA) and collected during
a 5-min period. The resting whole saliva was collected
when the participant was positioned in a relaxed posi-
tion leaning slightly forward. After clearing the mouth
by swallowing, saliva was drooled for 15 min. In rare
cases, the collection timewas reduced (5 to 10 min).
Participants with removable dentures retained those
during all of the saliva collection procedures. The buff-
ering capacity, expressed as pH, of resting and
stimulated whole saliva secretions was determined
using a Dentobuff� Strip (Orion Diagnostica, Finland)
according to the manufacturer’s instructions.

Saliva collection was performed between 8 am
and 5 pm. Time of saliva collection was registered
for all individuals. For the dental care-seeking group,
the times when oral hygiene measures were per-
formed and when beverages and/or food were taken
prior to saliva collection were registered. None of the
participants indicated oral hygiene measures or
intake of food and/or beverages less than 2 h prior
to saliva collection.

Secretion rates were classified according to
the reference intervals reported by Ericsson and
Hardwick (1978).

The present study was approved by the Ethics
Committee for Human Experiments at the Faculty
of Medicine, University of Lund. All of the partici-
pants signed a written informed consent.

Statistical methods

For group comparisons, chi-square tests were used.
Fisher’s exact test was performed when appropriate.
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Saliva collection was performed between 8 am
and 5 pm. Time of saliva collection was registered
for all individuals. For the dental care-seeking group,
the times when oral hygiene measures were per-
formed and when beverages and/or food were taken
prior to saliva collection were registered. None of the
participants indicated oral hygiene measures or
intake of food and/or beverages less than 2 h prior
to saliva collection.

Secretion rates were classified according to
the reference intervals reported by Ericsson and
Hardwick (1978).

The present study was approved by the Ethics
Committee for Human Experiments at the Faculty
of Medicine, University of Lund. All of the partici-
pants signed a written informed consent.

Statistical methods

For group comparisons, chi-square tests were used.
Fisher’s exact test was performed when appropriate.
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Analyses were performed using SPSS for Windows
version 14.

RESULTS

Participants

Of the 200 randomly selected individuals, 120
(mean age 46.18 ± 15.57) answered the question-
naire (60%), and 34 of these (mean age 48.41 ±
15.192) participated in the complementary clinical
examination.

In the dental care-seeking group, 192 individuals
(mean age 50.09 ± 16.76) answered the question-
naire (96%) and 123 of these (mean age 50.19 ±
16.54) participated in the complementary clinical
examination (Fig 1).

Questionnaire

In the randomly selected group (n = 120), 24 individ-
uals (20.0%) answered ‘yes’ to the question ‘Does
your mouth usually feel dry?’. The corresponding
number in the dental care-seeking group (n = 192)
was 55 individuals (28.6%).

There were no statistically significant differences
with regard to the reported subjective oral dryness
between the groups (P = 0.108/Fisher’s exact test).
To the question ‘At what time does your mouth feel
dry?’, individuals from both groups reported that a
sensation of dry mouth occurred at all hours,
weighted slightly towards the morning among individ-
uals with subjective oral dryness in the dental
care-seeking group (Table 1). The participants were

also asked, ‘How much saliva does there seem to
be in your mouth?’ (Response alternatives: too little,
don’t notice, too much). Among those in the dental
care-seeking group who reported subjective oral dry-
ness, 18 (64%) replied that they had not noticed any-
thing in particular regarding the amount of saliva,
and one (4%) individual even marked ‘too much’
(Table 2).

Complementary clinical examination

No statistically significant differences were found
between the randomly selected group (n = 34) and
the dental care-seeking group (n = 123) with regard
to reported subjective oral dryness (P = 1.000/
Fisher’s exact test), unstimulated salivary flow
(P = 0.685/Fisher’s exact test) and stimulated sali-
vary flow (P = 0.242/Fisher’s exact test).

Individuals who participated in the complementary
clinical examination were, based on the answers
found in the questionnaire and the sialometric val-
ues, designated into the following groups: (a) individ-
uals with no subjective or objective oral dryness, (b)
individuals with objective oral dryness, (c) individuals
with subjective oral dryness, and (d) individuals with
objective and subjective oral dryness. The objective
oral dryness was defined as unstimulated salivary
flow < 0.1 ml/min or stimulated salivary flow
< 0.7 ml/min.

The distribution of participants, in the above-
mentioned groups, based on gender and reported
medication is given in Table 3. Individuals with both
subjective and objective oral dryness in the dental
care-seeking group reported a higher intake of
medication compared to the individuals with no
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Fig 1 Participation rate in the randomly selected group and the dental care seeking group.

Löfgren et al

246 Oral Health & Preventive Dentistry

Table 1 Question: At what time does your mouth feel dry?

Morning Afternoon Night n

Randomly selected group (n = 34)
Individuals with subjective oral dryness (20.6%) 6 1 5 7
Individuals with subjective and objective oral dryness (11.8%) 4 0 2 4

Dental care-seeking group (n = 123)
Individuals with subjective oral dryness (22.8%) 15 2 1 28
Individuals with subjective and objective oral dryness (9.8%) 3 2 1 12

Table 2 Question: How much saliva does there seem to be in your mouth?

Too little Don’t notice it Too much n

Randomly selected group (n = 34)
Individuals with subjective oral dryness 5 (71%) 2 (29%) 0 7
Individuals with subjective and objective oral dryness 2 (50%) 1 (25%) 1 (25%) 4

Dental care-seeking group (n = 123)
Individuals with subjective oral dryness 9 (32%) 18 (64%) 1 (4%) 28
Individuals with subjective and objective oral dryness 10 (83%) 2 (17%) 0 12

1Objective oral dryness defined as an unstimulated salivary flow < 0.1 ml/min or a stimulated salivary flow < 0.7 ml/min.

Table 3 Distribution of participants with respect to gender and medication

Gender Reported
medication

Total

Female Male No Yes

Randomly selected group (n = 34)
Individuals with no subjective or objective1 oral dryness Count 8 8 11 5 16

% 50.0 50.0 68.8 31.3 100.0
Individuals with objective1 oral dryness Count 4 3 5 2 7

% 57.1 42.9 71.4 28.6 100.0
Individuals with subjective oral dryness Count 4 3 3 4 7

% 57.1 42.9 42.9 57.1 100.0
Individuals with subjective and objective1 oral dryness Count 3 1 1 3 4

% 75.0 25.0 25.0 75.0 100.0
Total Count 19 15 20 14 34

% 55.9 44.1 58.8 41.2 100.0
Dental care-seeking group (n = 123)

Individuals with no subjective or objective1 oral dryness Count 38 31 41 28 69
% 55.1 44.9 59.4 40.6 100.0

Individuals with objective1 oral dryness Count 9 5 6 8 14
% 64.3 35.7 42.9 57.1 100.0

Individuals with subjective oral dryness Count 17 11 16 12 28
% 60.7 39.3 57.1 42.9 100.0

Individuals with subjective and objective1 oral dryness Count 10 2 1 11* 12
% 83.3 16.7 8.3 91.7 100.0

Total Count 74 49 64 59 123
% 60.2 39.8 52.0 48.0 100.0

1Objective oral dryness defined as an unstimulated salivary flow < 0.1 ml/min or a stimulated salivary flow < 0.7 ml/min.
*P < 0.05 (Fisher’s exact test).
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Analyses were performed using SPSS for Windows
version 14.

RESULTS

Participants

Of the 200 randomly selected individuals, 120
(mean age 46.18 ± 15.57) answered the question-
naire (60%), and 34 of these (mean age 48.41 ±
15.192) participated in the complementary clinical
examination.

In the dental care-seeking group, 192 individuals
(mean age 50.09 ± 16.76) answered the question-
naire (96%) and 123 of these (mean age 50.19 ±
16.54) participated in the complementary clinical
examination (Fig 1).

Questionnaire

In the randomly selected group (n = 120), 24 individ-
uals (20.0%) answered ‘yes’ to the question ‘Does
your mouth usually feel dry?’. The corresponding
number in the dental care-seeking group (n = 192)
was 55 individuals (28.6%).

There were no statistically significant differences
with regard to the reported subjective oral dryness
between the groups (P = 0.108/Fisher’s exact test).
To the question ‘At what time does your mouth feel
dry?’, individuals from both groups reported that a
sensation of dry mouth occurred at all hours,
weighted slightly towards the morning among individ-
uals with subjective oral dryness in the dental
care-seeking group (Table 1). The participants were

also asked, ‘How much saliva does there seem to
be in your mouth?’ (Response alternatives: too little,
don’t notice, too much). Among those in the dental
care-seeking group who reported subjective oral dry-
ness, 18 (64%) replied that they had not noticed any-
thing in particular regarding the amount of saliva,
and one (4%) individual even marked ‘too much’
(Table 2).

Complementary clinical examination

No statistically significant differences were found
between the randomly selected group (n = 34) and
the dental care-seeking group (n = 123) with regard
to reported subjective oral dryness (P = 1.000/
Fisher’s exact test), unstimulated salivary flow
(P = 0.685/Fisher’s exact test) and stimulated sali-
vary flow (P = 0.242/Fisher’s exact test).

Individuals who participated in the complementary
clinical examination were, based on the answers
found in the questionnaire and the sialometric val-
ues, designated into the following groups: (a) individ-
uals with no subjective or objective oral dryness, (b)
individuals with objective oral dryness, (c) individuals
with subjective oral dryness, and (d) individuals with
objective and subjective oral dryness. The objective
oral dryness was defined as unstimulated salivary
flow < 0.1 ml/min or stimulated salivary flow
< 0.7 ml/min.

The distribution of participants, in the above-
mentioned groups, based on gender and reported
medication is given in Table 3. Individuals with both
subjective and objective oral dryness in the dental
care-seeking group reported a higher intake of
medication compared to the individuals with no
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Table 1 Question: At what time does your mouth feel dry?

Morning Afternoon Night n

Randomly selected group (n = 34)
Individuals with subjective oral dryness (20.6%) 6 1 5 7
Individuals with subjective and objective oral dryness (11.8%) 4 0 2 4

Dental care-seeking group (n = 123)
Individuals with subjective oral dryness (22.8%) 15 2 1 28
Individuals with subjective and objective oral dryness (9.8%) 3 2 1 12

Table 2 Question: How much saliva does there seem to be in your mouth?

Too little Don’t notice it Too much n

Randomly selected group (n = 34)
Individuals with subjective oral dryness 5 (71%) 2 (29%) 0 7
Individuals with subjective and objective oral dryness 2 (50%) 1 (25%) 1 (25%) 4

Dental care-seeking group (n = 123)
Individuals with subjective oral dryness 9 (32%) 18 (64%) 1 (4%) 28
Individuals with subjective and objective oral dryness 10 (83%) 2 (17%) 0 12

1Objective oral dryness defined as an unstimulated salivary flow < 0.1 ml/min or a stimulated salivary flow < 0.7 ml/min.

Table 3 Distribution of participants with respect to gender and medication

Gender Reported
medication

Total

Female Male No Yes

Randomly selected group (n = 34)
Individuals with no subjective or objective1 oral dryness Count 8 8 11 5 16

% 50.0 50.0 68.8 31.3 100.0
Individuals with objective1 oral dryness Count 4 3 5 2 7

% 57.1 42.9 71.4 28.6 100.0
Individuals with subjective oral dryness Count 4 3 3 4 7

% 57.1 42.9 42.9 57.1 100.0
Individuals with subjective and objective1 oral dryness Count 3 1 1 3 4

% 75.0 25.0 25.0 75.0 100.0
Total Count 19 15 20 14 34

% 55.9 44.1 58.8 41.2 100.0
Dental care-seeking group (n = 123)

Individuals with no subjective or objective1 oral dryness Count 38 31 41 28 69
% 55.1 44.9 59.4 40.6 100.0

Individuals with objective1 oral dryness Count 9 5 6 8 14
% 64.3 35.7 42.9 57.1 100.0

Individuals with subjective oral dryness Count 17 11 16 12 28
% 60.7 39.3 57.1 42.9 100.0

Individuals with subjective and objective1 oral dryness Count 10 2 1 11* 12
% 83.3 16.7 8.3 91.7 100.0

Total Count 74 49 64 59 123
% 60.2 39.8 52.0 48.0 100.0

1Objective oral dryness defined as an unstimulated salivary flow < 0.1 ml/min or a stimulated salivary flow < 0.7 ml/min.
*P < 0.05 (Fisher’s exact test).
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subjective or objective oral dryness (P < 0.008/
Pearson chi-square).

There was no statistically significant difference
in the buffering capacity, expressed as pH, in the
randomly selected group and the dental care-seeking
group, nor between individuals in the designated
groups mentioned above.

The examination of texture and appearance of
mucosal surfaces did not reveal any pathological
conditions among the participants.

Two individuals reported having Sjögren’s syn-
drome, one in the randomly selected group and the
other in the dental care-seeking group. There were
no reports of radiation exposure to the head and
neck region or other medical disorders that are
known to affect the function of the salivary gland.

The amount of acquired prosthetic rehabilitation in
the two study populations is presented in Table 4.
Prosthetic reconstructions (bridge(s) and/or partial
denture(s) and/or full removable denture(s)) were
identified to be more frequent in the maxilla than in
the mandible in both groups. Individuals identified
with subjective or objective oral dryness presented,
to a greater extent, a history of oral rehabilitation than
individuals who had no indication of oral dryness.

There were no statistically significant differences
(P > 0.05) between the randomly selected group
and the dental care-seeking group.

Time of saliva collection

The distribution of participants with respect to time
of saliva collection and objective and subjective oral
dryness is presented in Table 5.

Dental care-seeking group
The statistical analyses reported in this section are
only presented for the dental care-seeking group
(n = 123), since the participation rate in the ran-
domly selected group did not support statistical elab-
oration. Unstimulated and stimulated salivary flow
rates for perceived oral dryness are presented for
both groups (Figs 2 and 3).

No statistically significant differences were found
between individuals who reported subjective oral dry-
ness and those who did not report in relation to age
(P = 0.848), DMFT (P = 0.799) and gender (P =
0.326). Individuals reporting subjective oral dryness
presented ‘a small degree of abrasion in the dentine
in the incisor region’ (P = 0.039/Fisher’s exact test)
to a greater extent in comparison to the group of par-
ticipants who did not report subjective oral dryness.
Individualswith decreasedsalivary flow rates reported
a higher intake of xerogenic drugs (P = 0.020).

The unstimulated salivary flow was divided into
three groups according to the threshold values
reported by Ericsson and Hardwick (1978):
> 0.25 ml/min, 0.1 to 0.25 ml/min, and < 0.1 ml/
min. No statistically significant association between
subjective oral dryness and unstimulated salivary flow
(P =0.191/Fisher’s exact test) was found.Whencom-
paring the degree of abrasion observed in the incisor
region between persons divided into the three above-
mentioned groups, no statistically significant differ-
ences were found (P = 0.668/Fisher’s exact test).

The stimulated salivary flowwas, as above, divided
into three groups according to the threshold values
reported by Ericsson and Hardwick (1978): > 1 ml/
min, 0.7 to 1 ml/min, and < 0.7 ml/min. No statisti-
cally significant association between subjective oral

Table 4 Prosthetic reconstruction (bridge(s) and/or partial denture(s) and full removable denture(s)) in the maxilla and
mandible

Maxilla (%) Mandible (%) n

Randomly selected group
Individuals with no subjective or objective1 oral dryness 13 13 16
Individuals with objective1 oral dryness 29 14 7
Individuals with subjective oral dryness 57 14 7
Individuals with subjective and objective1 oral dryness 25 25 4

Dental care-seeking group
Individuals with no subjective or objective1 oral dryness 29 20 69
Individuals with objective1 oral dryness 57 50* 14
Individuals with subjective oral dryness 29 7 28
Individuals with subjective and objective1 oral dryness 25 8 12

1Objective oral dryness defined as an unstimulated salivary flow < 0.1 ml/min or a stimulated salivary flow < 0.7 ml/min.
*P < 0.05 (Fisher’s exact test).
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dryness and stimulated salivary flow (P = 0.285/
Fisher’s exact test) was found (Figs 2 and 3).

Non-participants

In the randomly selected group, 80 individuals (40%)
(42 women and 38 men) did not answer the ques-
tionnaire, and they were distributed as follows
according to age: 15 individuals aged 20 to 29, 17
individuals aged 30 to 39, 12 individuals aged 40

to 49, 18 individuals aged 50 to 59 and 18 individ-
uals aged 60 and above.

Of the 120 individuals who answered the ques-
tionnaire, 86 individuals (48 women and 38 men,
mean age 45.30 ± SD 15.72) did not participate
in the complementary clinical examination. Twenty-
nine per cent of these individuals registered no
telephone number. Those who had registered their
telephone number were contacted. The majority of
the individuals who did not participate in the comple-
mentary clinical examination stated that they had no

Table 5 Distribution of participants with respect to time of saliva collection and subjective and objective oral dryness

Time of saliva collection 8–10 am 10–12 am 1–3 pm 3–5 pm

Randomly selected group (n = 34) 9 13 6 6
Individuals with no subjective or objective1 oral dryness (n = 16) 7 4 2 3
Individuals with objective1 oral dryness (n = 7) 1 4 2 –
Individuals with subjective oral dryness (n = 7) – 4 1 2
Individuals with subjective and objective1 oral dryness (n = 4) 1 1 1 1

Dental care-seeking group (n = 123) 37 36 26 24
Individuals with no subjective or objective1 oral dryness (n = 69) 22 18 17 12
Individuals with objective1 oral dryness (n = 14) 4 3 3 4
Individuals with subjective oral dryness (n = 28) 9 13 3 3
Individuals with subjective and objective1 oral dryness (n = 12) 2 2 3 5

1Objective oral dryness defined as an unstimulated salivary flow < 0.1 ml/min or a stimulated salivary flow < 0.7 ml/min.
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Fig 2 Unstimulated and stimulated salivary flow rates with
respect to perceived oral dryness in the randomly selected
group.
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subjective or objective oral dryness (P < 0.008/
Pearson chi-square).

There was no statistically significant difference
in the buffering capacity, expressed as pH, in the
randomly selected group and the dental care-seeking
group, nor between individuals in the designated
groups mentioned above.

The examination of texture and appearance of
mucosal surfaces did not reveal any pathological
conditions among the participants.

Two individuals reported having Sjögren’s syn-
drome, one in the randomly selected group and the
other in the dental care-seeking group. There were
no reports of radiation exposure to the head and
neck region or other medical disorders that are
known to affect the function of the salivary gland.

The amount of acquired prosthetic rehabilitation in
the two study populations is presented in Table 4.
Prosthetic reconstructions (bridge(s) and/or partial
denture(s) and/or full removable denture(s)) were
identified to be more frequent in the maxilla than in
the mandible in both groups. Individuals identified
with subjective or objective oral dryness presented,
to a greater extent, a history of oral rehabilitation than
individuals who had no indication of oral dryness.

There were no statistically significant differences
(P > 0.05) between the randomly selected group
and the dental care-seeking group.

Time of saliva collection

The distribution of participants with respect to time
of saliva collection and objective and subjective oral
dryness is presented in Table 5.

Dental care-seeking group
The statistical analyses reported in this section are
only presented for the dental care-seeking group
(n = 123), since the participation rate in the ran-
domly selected group did not support statistical elab-
oration. Unstimulated and stimulated salivary flow
rates for perceived oral dryness are presented for
both groups (Figs 2 and 3).

No statistically significant differences were found
between individuals who reported subjective oral dry-
ness and those who did not report in relation to age
(P = 0.848), DMFT (P = 0.799) and gender (P =
0.326). Individuals reporting subjective oral dryness
presented ‘a small degree of abrasion in the dentine
in the incisor region’ (P = 0.039/Fisher’s exact test)
to a greater extent in comparison to the group of par-
ticipants who did not report subjective oral dryness.
Individualswith decreasedsalivary flow rates reported
a higher intake of xerogenic drugs (P = 0.020).

The unstimulated salivary flow was divided into
three groups according to the threshold values
reported by Ericsson and Hardwick (1978):
> 0.25 ml/min, 0.1 to 0.25 ml/min, and < 0.1 ml/
min. No statistically significant association between
subjective oral dryness and unstimulated salivary flow
(P =0.191/Fisher’s exact test) was found.Whencom-
paring the degree of abrasion observed in the incisor
region between persons divided into the three above-
mentioned groups, no statistically significant differ-
ences were found (P = 0.668/Fisher’s exact test).

The stimulated salivary flowwas, as above, divided
into three groups according to the threshold values
reported by Ericsson and Hardwick (1978): > 1 ml/
min, 0.7 to 1 ml/min, and < 0.7 ml/min. No statisti-
cally significant association between subjective oral

Table 4 Prosthetic reconstruction (bridge(s) and/or partial denture(s) and full removable denture(s)) in the maxilla and
mandible

Maxilla (%) Mandible (%) n

Randomly selected group
Individuals with no subjective or objective1 oral dryness 13 13 16
Individuals with objective1 oral dryness 29 14 7
Individuals with subjective oral dryness 57 14 7
Individuals with subjective and objective1 oral dryness 25 25 4

Dental care-seeking group
Individuals with no subjective or objective1 oral dryness 29 20 69
Individuals with objective1 oral dryness 57 50* 14
Individuals with subjective oral dryness 29 7 28
Individuals with subjective and objective1 oral dryness 25 8 12

1Objective oral dryness defined as an unstimulated salivary flow < 0.1 ml/min or a stimulated salivary flow < 0.7 ml/min.
*P < 0.05 (Fisher’s exact test).
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dryness and stimulated salivary flow (P = 0.285/
Fisher’s exact test) was found (Figs 2 and 3).

Non-participants

In the randomly selected group, 80 individuals (40%)
(42 women and 38 men) did not answer the ques-
tionnaire, and they were distributed as follows
according to age: 15 individuals aged 20 to 29, 17
individuals aged 30 to 39, 12 individuals aged 40

to 49, 18 individuals aged 50 to 59 and 18 individ-
uals aged 60 and above.

Of the 120 individuals who answered the ques-
tionnaire, 86 individuals (48 women and 38 men,
mean age 45.30 ± SD 15.72) did not participate
in the complementary clinical examination. Twenty-
nine per cent of these individuals registered no
telephone number. Those who had registered their
telephone number were contacted. The majority of
the individuals who did not participate in the comple-
mentary clinical examination stated that they had no

Table 5 Distribution of participants with respect to time of saliva collection and subjective and objective oral dryness

Time of saliva collection 8–10 am 10–12 am 1–3 pm 3–5 pm

Randomly selected group (n = 34) 9 13 6 6
Individuals with no subjective or objective1 oral dryness (n = 16) 7 4 2 3
Individuals with objective1 oral dryness (n = 7) 1 4 2 –
Individuals with subjective oral dryness (n = 7) – 4 1 2
Individuals with subjective and objective1 oral dryness (n = 4) 1 1 1 1

Dental care-seeking group (n = 123) 37 36 26 24
Individuals with no subjective or objective1 oral dryness (n = 69) 22 18 17 12
Individuals with objective1 oral dryness (n = 14) 4 3 3 4
Individuals with subjective oral dryness (n = 28) 9 13 3 3
Individuals with subjective and objective1 oral dryness (n = 12) 2 2 3 5

1Objective oral dryness defined as an unstimulated salivary flow < 0.1 ml/min or a stimulated salivary flow < 0.7 ml/min.
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Fig 2 Unstimulated and stimulated salivary flow rates with
respect to perceived oral dryness in the randomly selected
group.
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apparent salivary dysfunction and therefore felt no
need to participate further in the present study.

In the dental care-seeking group, 8 individuals (3
women and 5 men) did not answer the question-
naire, and 69 individuals (40 women and 29 men,
mean age 49.91 ± SD 17.27) declined to partici-
pate in the complementary clinical examination,
mainly due to lack of time.

DISCUSSION

The prevalence of dry mouth varies widely in the liter-
ature, from 10% to 80% (Osterberg et al, 1984; Ben-
Aryeh et al, 1985; Sreebny and Valdini, 1988;
Thorselius et al, 1988; Jobbins et al, 1992; Gilbert
et al, 1993; Locker, 1993; Narhi, 1994; Locker,
1995; Loesche et al, 1995; Billings et al, 1996;
Hochberg et al, 1998; Nederfors, 2000). The fact
that there is no global consensus regarding the ter-
minology associated with dry mouth—although many
authors distinguish between xerostomia, denoting
the subjective feeling, and hyposalivation, denoting
a decreased salivary flow rate—might explain a cer-
tain part of this variation in the reported prevalence.
The majority of prevalence studies have been carried
out using only questionnaires, or specifically on
selected patients such as elderly populations, med-
icating individuals or hospitalised patients with per-
ceived oral dryness (Osterberg et al, 1984; Jobbins
et al, 1992; Narhi, 1994; Billings et al, 1996;
Nederfors, 2000). Data with regard to individuals
aged below 50 are scarce.

Another factor that may contribute to this wide var-
iation is how the question addressing the sensation
of dry mouth is formulated (Narhi, 1994; Sreebny,
2000). Fox et al (1987) reported that questions
focused on oral dryness associated with eating and
the subjects’ assessment of the quantity of saliva
as ‘too little’ are highly indicative of salivary perfor-
mance, whereas the more common complaints of
mouth dryness at night or on awakening were not
indicative of salivary gland hypofunction. The authors
stated that many complaints of oral dryness are not
associated with salivary gland output changes.

The questionnaire for the present study included
the same question as that posed by Sreebny and
Valdini (1988) and Nederfors et al (1997) in their
studies, namely ‘Does your mouth usually feel
dry?’. Sreebny and Valdini (1988) reported that
21% of the males and 33% of the females answered
‘yes’ to the question. The corresponding numbers in
the study carried out by Nederfors et al (1997) were
23.1% and 28.3%, respectively. In the present study,

the reported subjective oral dryness (questionnaire)
in the randomly selected group was found to be
20.0% and the corresponding number for the dental
care-seeking group was 28.6%. Among the partici-
pants who were included in the complementary clin-
ical examination, the reported subjective oral
dryness for the randomly selected group and the
dental care-seeking group was 32.4% and 32.5%,
respectively. In the randomly selected group,
36.8% of the women and 26.7% of the men reported
subjective oral dryness, and the corresponding num-
bers for the dental care-seeking group were 36.5%
and 26.5%. This does not support the hypothesis
that individuals seeking dental care state subjective
complaints of oral dryness to a greater extent. The
results of the present study are fairly comparable
to the results mentioned above.

In 1997, Nederfors et al evaluated 3313 ques-
tionnaires and reported a statistically significant dif-
ference in prevalence between men and women. In
the present study, such significance could not be
established, probably due to the number of com-
pleted questionnaires (n = 312) and the number of
participants in the complementary clinical examina-
tion (n = 157). The difficulty in investigating a ran-
domly selected population compared to a selected
population is well known and is confirmed in the
present study by the low participation rate in the ran-
domly selected group. One of the explanations of
this low participation rate is that the majority of the
individuals contacted stated that they had no appar-
ent salivary dysfunction and therefore felt no need to
be investigated further. Despite the low participation
rate, the prevalence of subjective oral dryness in the
present study is fairly comparable to that reported in
studies with a higher participation rate.

The present study supports earlier studies, which
showed that the prevalence of decreased salivary
flow rates is associated with the intake of xerogenic
drugs (Johnson et al, 1984; Handelman et al, 1986;
Thorselius et al, 1988; Sreebny et al, 1989; Narhi,
1994; Nederfors et al, 1997).

No statistically significant association between
subjective oral dryness and stimulated or unstimu-
lated salivary flow secretion was found in the present
study. This is in accordance with the results of other
studies (Fox et al, 1985; Sreebny and Valdini, 1988;
Hay et al, 1998), which have shown that there is no
statistically significant or only a weak correlation
between the complaint of oral dryness and salivary
flow rates. It has been described that symptoms of
dry mouth often occur when the salivary flow rate
is reduced by about 50% in test subjects with normal
salivary flow and when the salivary flow rate is less
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than the sum of the rates of water absorption and
evaporation in the mouth (Dawes, 1987). Dry mouth
can, however, be experienced within what is
regarded as the normal salivary flow rate range,
and unless the mouth is almost dry, it is almost
impossible to ascertain if a patient’s salivary flow
rate level is below the ‘normal’ without proper individ-
ual baseline information.

Furthermore, no studies have reported measures
of salivary flow rates at the time when the patient
has stated subjective complaints of oral dryness.

Saliva collection was, in the present study, per-
formed between 8 am and 5 pm. A circadian rhythm
for the unstimulated whole saliva flow rate has been
reported (Dawes and Ong, 1973; Flink et al, 2005).
Lower flow rates are found early in the morning com-
pared to late in the afternoon. In 2005, Flink et al
showed that in a group of individuals with very low
unstimulated salivary flow rate (< 0.1 ml/min) at
7.30 am, 70% exceeded the 0.1 ml/min limit at
11.30am. In thepresentstudy, 70%of the individuals
in the dental care-seeking group donated saliva
between 10 am and 5 pm. Of these individuals, 55%
displayed no objective or subjective oral dryness.
Had saliva collection been performed before 10 am
in this group, a larger number of individuals with objec-
tive oral dryness might have been identified.

Few studies are available today on the prevalence
of xerostomia in younger individuals. In the present
study, 23% of the individuals in the dental care-
seeking group (n = 123) reported perceived oral dry-
ness, and they were distributed in the age groups
20 to 29 years, 30 to 39 years, 40 to 49 years, 50
to59 years and60 years andabove.However, no cor-
relation regarding perceived oral dryness and low sal-
ivary flow rate was detected in any of the age groups.
This indicates that perceived oral dryness is not only
related to the older medicating population but also a
dysfunction apparent among younger individuals.

Bergdahl (2000) studied 1427 randomly selected
individuals, aged 20 to 69 years, and reported the
unstimulated flow rate to be in a range from 0 to
2.07 ml/min and stimulated salivary flow rate from
0.17 to 7.3 ml/min.

In Figures 2 and 3, the unstimulated and the stim-
ulated salivary flow rates, measured in the present
study, are plotted against the perceived oral dryness
in the two study groups. The figures show that the
secretion rate is poorly correlated with the perception
of oral dryness. In the randomly selected group, per-
ceived oral dryness was reported when the level of
unstimulated saliva was up to 1.1 ml/min and for
the stimulated saliva up to 2.5 ml/min. The corre-
sponding values for the dental care-seeking group

were 1.4 ml/min for the unstimulated saliva and
2.05 ml/min for the stimulated saliva. Since no cor-
relation was identified between the unstimulated sal-
iva and the stimulated saliva with perceived oral
dryness in any of the groups, more specific qualitative
parameters are needed to be developed to describe
the specific dysfunction of saliva in these individuals.

In the dental care-seeking group, individuals who
reported subjective oral dryness presented ‘a small
degree of abrasion in the incisor region’ to a greater
extent than those who did not. This finding might, in
part, be explained by an alteration of a qualitative
factor such as the lubricating properties of salivary
glycoproteins.

The above-mentioned features suggest that, for
instance, the rheological properties of saliva might
be of greater importance for the perception of dry
mouth than the quantity of saliva secreted alone,
and the development of qualitative tests to describe
the protective functions of saliva in bulk or of saliva
as an adsorbed thin film is needed. In the present
study, individuals identified with subjective or objec-
tive oral dryness, in both the dental care-seeking
group and the randomly selected group, presented
to a greater extent a history of oral rehabilitation in
comparison with individuals who had no indication
of oral dryness. This does not support the hypothe-
sis that there is a difference between the two popu-
lations, but the finding elucidates the need for
diagnostic criteria and functional tests to discern
individuals with subjective and objective oral dryness
that will require oral treatment.
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apparent salivary dysfunction and therefore felt no
need to participate further in the present study.

In the dental care-seeking group, 8 individuals (3
women and 5 men) did not answer the question-
naire, and 69 individuals (40 women and 29 men,
mean age 49.91 ± SD 17.27) declined to partici-
pate in the complementary clinical examination,
mainly due to lack of time.

DISCUSSION

The prevalence of dry mouth varies widely in the liter-
ature, from 10% to 80% (Osterberg et al, 1984; Ben-
Aryeh et al, 1985; Sreebny and Valdini, 1988;
Thorselius et al, 1988; Jobbins et al, 1992; Gilbert
et al, 1993; Locker, 1993; Narhi, 1994; Locker,
1995; Loesche et al, 1995; Billings et al, 1996;
Hochberg et al, 1998; Nederfors, 2000). The fact
that there is no global consensus regarding the ter-
minology associated with dry mouth—although many
authors distinguish between xerostomia, denoting
the subjective feeling, and hyposalivation, denoting
a decreased salivary flow rate—might explain a cer-
tain part of this variation in the reported prevalence.
The majority of prevalence studies have been carried
out using only questionnaires, or specifically on
selected patients such as elderly populations, med-
icating individuals or hospitalised patients with per-
ceived oral dryness (Osterberg et al, 1984; Jobbins
et al, 1992; Narhi, 1994; Billings et al, 1996;
Nederfors, 2000). Data with regard to individuals
aged below 50 are scarce.

Another factor that may contribute to this wide var-
iation is how the question addressing the sensation
of dry mouth is formulated (Narhi, 1994; Sreebny,
2000). Fox et al (1987) reported that questions
focused on oral dryness associated with eating and
the subjects’ assessment of the quantity of saliva
as ‘too little’ are highly indicative of salivary perfor-
mance, whereas the more common complaints of
mouth dryness at night or on awakening were not
indicative of salivary gland hypofunction. The authors
stated that many complaints of oral dryness are not
associated with salivary gland output changes.

The questionnaire for the present study included
the same question as that posed by Sreebny and
Valdini (1988) and Nederfors et al (1997) in their
studies, namely ‘Does your mouth usually feel
dry?’. Sreebny and Valdini (1988) reported that
21% of the males and 33% of the females answered
‘yes’ to the question. The corresponding numbers in
the study carried out by Nederfors et al (1997) were
23.1% and 28.3%, respectively. In the present study,

the reported subjective oral dryness (questionnaire)
in the randomly selected group was found to be
20.0% and the corresponding number for the dental
care-seeking group was 28.6%. Among the partici-
pants who were included in the complementary clin-
ical examination, the reported subjective oral
dryness for the randomly selected group and the
dental care-seeking group was 32.4% and 32.5%,
respectively. In the randomly selected group,
36.8% of the women and 26.7% of the men reported
subjective oral dryness, and the corresponding num-
bers for the dental care-seeking group were 36.5%
and 26.5%. This does not support the hypothesis
that individuals seeking dental care state subjective
complaints of oral dryness to a greater extent. The
results of the present study are fairly comparable
to the results mentioned above.

In 1997, Nederfors et al evaluated 3313 ques-
tionnaires and reported a statistically significant dif-
ference in prevalence between men and women. In
the present study, such significance could not be
established, probably due to the number of com-
pleted questionnaires (n = 312) and the number of
participants in the complementary clinical examina-
tion (n = 157). The difficulty in investigating a ran-
domly selected population compared to a selected
population is well known and is confirmed in the
present study by the low participation rate in the ran-
domly selected group. One of the explanations of
this low participation rate is that the majority of the
individuals contacted stated that they had no appar-
ent salivary dysfunction and therefore felt no need to
be investigated further. Despite the low participation
rate, the prevalence of subjective oral dryness in the
present study is fairly comparable to that reported in
studies with a higher participation rate.

The present study supports earlier studies, which
showed that the prevalence of decreased salivary
flow rates is associated with the intake of xerogenic
drugs (Johnson et al, 1984; Handelman et al, 1986;
Thorselius et al, 1988; Sreebny et al, 1989; Narhi,
1994; Nederfors et al, 1997).

No statistically significant association between
subjective oral dryness and stimulated or unstimu-
lated salivary flow secretion was found in the present
study. This is in accordance with the results of other
studies (Fox et al, 1985; Sreebny and Valdini, 1988;
Hay et al, 1998), which have shown that there is no
statistically significant or only a weak correlation
between the complaint of oral dryness and salivary
flow rates. It has been described that symptoms of
dry mouth often occur when the salivary flow rate
is reduced by about 50% in test subjects with normal
salivary flow and when the salivary flow rate is less
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than the sum of the rates of water absorption and
evaporation in the mouth (Dawes, 1987). Dry mouth
can, however, be experienced within what is
regarded as the normal salivary flow rate range,
and unless the mouth is almost dry, it is almost
impossible to ascertain if a patient’s salivary flow
rate level is below the ‘normal’ without proper individ-
ual baseline information.

Furthermore, no studies have reported measures
of salivary flow rates at the time when the patient
has stated subjective complaints of oral dryness.

Saliva collection was, in the present study, per-
formed between 8 am and 5 pm. A circadian rhythm
for the unstimulated whole saliva flow rate has been
reported (Dawes and Ong, 1973; Flink et al, 2005).
Lower flow rates are found early in the morning com-
pared to late in the afternoon. In 2005, Flink et al
showed that in a group of individuals with very low
unstimulated salivary flow rate (< 0.1 ml/min) at
7.30 am, 70% exceeded the 0.1 ml/min limit at
11.30am. In thepresentstudy, 70%of the individuals
in the dental care-seeking group donated saliva
between 10 am and 5 pm. Of these individuals, 55%
displayed no objective or subjective oral dryness.
Had saliva collection been performed before 10 am
in this group, a larger number of individuals with objec-
tive oral dryness might have been identified.

Few studies are available today on the prevalence
of xerostomia in younger individuals. In the present
study, 23% of the individuals in the dental care-
seeking group (n = 123) reported perceived oral dry-
ness, and they were distributed in the age groups
20 to 29 years, 30 to 39 years, 40 to 49 years, 50
to59 years and60 years andabove.However, no cor-
relation regarding perceived oral dryness and low sal-
ivary flow rate was detected in any of the age groups.
This indicates that perceived oral dryness is not only
related to the older medicating population but also a
dysfunction apparent among younger individuals.

Bergdahl (2000) studied 1427 randomly selected
individuals, aged 20 to 69 years, and reported the
unstimulated flow rate to be in a range from 0 to
2.07 ml/min and stimulated salivary flow rate from
0.17 to 7.3 ml/min.

In Figures 2 and 3, the unstimulated and the stim-
ulated salivary flow rates, measured in the present
study, are plotted against the perceived oral dryness
in the two study groups. The figures show that the
secretion rate is poorly correlated with the perception
of oral dryness. In the randomly selected group, per-
ceived oral dryness was reported when the level of
unstimulated saliva was up to 1.1 ml/min and for
the stimulated saliva up to 2.5 ml/min. The corre-
sponding values for the dental care-seeking group

were 1.4 ml/min for the unstimulated saliva and
2.05 ml/min for the stimulated saliva. Since no cor-
relation was identified between the unstimulated sal-
iva and the stimulated saliva with perceived oral
dryness in any of the groups, more specific qualitative
parameters are needed to be developed to describe
the specific dysfunction of saliva in these individuals.

In the dental care-seeking group, individuals who
reported subjective oral dryness presented ‘a small
degree of abrasion in the incisor region’ to a greater
extent than those who did not. This finding might, in
part, be explained by an alteration of a qualitative
factor such as the lubricating properties of salivary
glycoproteins.

The above-mentioned features suggest that, for
instance, the rheological properties of saliva might
be of greater importance for the perception of dry
mouth than the quantity of saliva secreted alone,
and the development of qualitative tests to describe
the protective functions of saliva in bulk or of saliva
as an adsorbed thin film is needed. In the present
study, individuals identified with subjective or objec-
tive oral dryness, in both the dental care-seeking
group and the randomly selected group, presented
to a greater extent a history of oral rehabilitation in
comparison with individuals who had no indication
of oral dryness. This does not support the hypothe-
sis that there is a difference between the two popu-
lations, but the finding elucidates the need for
diagnostic criteria and functional tests to discern
individuals with subjective and objective oral dryness
that will require oral treatment.
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Introduction
Saliva is a complex fluid composed of a wide variety of organic 

and inorganic constituents, which influence the biochemical and 
physiochemical properties of saliva, and thereby contribute to the 
numerous functions of saliva. Saliva has an important function 
in protecting oral soft tissues, teeth, and restorations from wear, 
demineralisation, dehydration and influence from external chemicals. 
In order to exercise this protective function, the saliva spreads 
out as a thin film over oral tissues, and if present, also over dental 
reconstructions [1-4].

Saliva is derived predominantly from three pairs of major glands 
(parotid, submandibular, and sublingual glands) that account for 
approximately 90% of the total fluid secretion. The minor salivary 
glands, whose ducts are open onto most areas of the oral mucosa 
except the area covering the dorsum of the tongue, the anterior part 
of the hard palate and gingivae, contribute to less than 10% of the 
total volume. The combination of secretions, entering the mouth at 
several locations, is termed whole saliva. In addition to the salivary 
secretions, whole saliva contains gingival crevicular fluid, oral 
microorganisms, host-derived cells, cellular constituents and dietary 
components [5].

It has been estimated that the total volume of saliva before and 
after swallowing averages about 1.1 and 0.8 ml, respectively [6]. Collins 
and Dawes [7] calculated that saliva if spread evenly throughout the 
mouth is present as a thin film between 70 and 100 μm  thick.

A structural model of the salivary film has been developed and this  
model describes roughly 5 saliva layers including a precursor layer, a 
tightly bound protein layer, a layer of surface-anchored mucin brush, 
a liquid bulk layer and an outer proteinaceous layer at the interface 
with air [8-9]. This structure with multiple layers contributes to the 
entire spectrum of saliva’s lubrication functionality [10].

The molecular composition of saliva has been shown to have 
multi-functional characteristics expressed by several families of 
salivary molecules, each comprising multiple members that are 
multifunctional and overlapping. Functional relationships are 
established upon complexing between molecules [11].

It is in particular salivary glycoproteins, such as mucins and 
proline-rich proteins, which have structural features that correlate 
to the protective function of masticatory lubrication. Mucins, of 
both high-molecular weight (MUC5B) and low-molecular weight 
(MUC7), are secreted from the submandibular-sublingual salivary 

Abstract
To understand the protective functions of saliva secreted from 
different glands in the masticatory process, it is of interest to study 
its viscoelastic properties. Characterization of saliva samples are 
not that easily performed in a clinical setting, since most of the 
experimental techniques and instruments available are developed 
for research purposes.

The aim of this study was to characterize how the viscoelastic 
properties of saliva can be measured and monitored using two 
laboratory instruments. Unstimulated whole saliva from 11 healthy 
volunteers was characterized using two instruments, an ARES-G2 
rheometer and a Bohlin Oscillating Cup Rheometer. Measurements 
performed on unstimulated human whole saliva showed that the 
ARES rheometer will in linear viscoelastic conditions of the sample 
give absolute viscoelastic numbers of undisturbed saliva whilst 
the BOCR can be used to give an indication of gel strength, gel 
formation, and gel stability in viscoelastic samples being sheared 
in their non-linear viscoelastic region by introducing a Saliva Gel 
Strength Index, SGSI.

Both methods clearly illustrate the presence of viscoelastic 
properties in saliva.
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Introduction
Saliva is a complex fluid composed of a wide variety of organic 

and inorganic constituents, which influence the biochemical and 
physiochemical properties of saliva, and thereby contribute to the 
numerous functions of saliva. Saliva has an important function 
in protecting oral soft tissues, teeth, and restorations from wear, 
demineralisation, dehydration and influence from external chemicals. 
In order to exercise this protective function, the saliva spreads 
out as a thin film over oral tissues, and if present, also over dental 
reconstructions [1-4].

Saliva is derived predominantly from three pairs of major glands 
(parotid, submandibular, and sublingual glands) that account for 
approximately 90% of the total fluid secretion. The minor salivary 
glands, whose ducts are open onto most areas of the oral mucosa 
except the area covering the dorsum of the tongue, the anterior part 
of the hard palate and gingivae, contribute to less than 10% of the 
total volume. The combination of secretions, entering the mouth at 
several locations, is termed whole saliva. In addition to the salivary 
secretions, whole saliva contains gingival crevicular fluid, oral 
microorganisms, host-derived cells, cellular constituents and dietary 
components [5].

It has been estimated that the total volume of saliva before and 
after swallowing averages about 1.1 and 0.8 ml, respectively [6]. Collins 
and Dawes [7] calculated that saliva if spread evenly throughout the 
mouth is present as a thin film between 70 and 100 μm  thick.

A structural model of the salivary film has been developed and this  
model describes roughly 5 saliva layers including a precursor layer, a 
tightly bound protein layer, a layer of surface-anchored mucin brush, 
a liquid bulk layer and an outer proteinaceous layer at the interface 
with air [8-9]. This structure with multiple layers contributes to the 
entire spectrum of saliva’s lubrication functionality [10].

The molecular composition of saliva has been shown to have 
multi-functional characteristics expressed by several families of 
salivary molecules, each comprising multiple members that are 
multifunctional and overlapping. Functional relationships are 
established upon complexing between molecules [11].

It is in particular salivary glycoproteins, such as mucins and 
proline-rich proteins, which have structural features that correlate 
to the protective function of masticatory lubrication. Mucins, of 
both high-molecular weight (MUC5B) and low-molecular weight 
(MUC7), are secreted from the submandibular-sublingual salivary 

Abstract
To understand the protective functions of saliva secreted from 
different glands in the masticatory process, it is of interest to study 
its viscoelastic properties. Characterization of saliva samples are 
not that easily performed in a clinical setting, since most of the 
experimental techniques and instruments available are developed 
for research purposes.

The aim of this study was to characterize how the viscoelastic 
properties of saliva can be measured and monitored using two 
laboratory instruments. Unstimulated whole saliva from 11 healthy 
volunteers was characterized using two instruments, an ARES-G2 
rheometer and a Bohlin Oscillating Cup Rheometer. Measurements 
performed on unstimulated human whole saliva showed that the 
ARES rheometer will in linear viscoelastic conditions of the sample 
give absolute viscoelastic numbers of undisturbed saliva whilst 
the BOCR can be used to give an indication of gel strength, gel 
formation, and gel stability in viscoelastic samples being sheared 
in their non-linear viscoelastic region by introducing a Saliva Gel 
Strength Index, SGSI.

Both methods clearly illustrate the presence of viscoelastic 
properties in saliva.
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glands while the proline-rich glycoproteins emanate from the parotid 
glands. These mucins form part of the acquired enamel pellicle and of 
the mucosal pellicle which forms a thin layer attached to the surface 
of the oral mucosa and they act as an important lubricant between 
opposing surfaces during mastication, swallowing and speaking [12-
13].

The behaviour of saliva is based on both viscous and elastic 
properties and in order to understand the functions of saliva it is of 
interest to study these properties.

Currently, diagnostic methods are addressing quantity and 
content of saliva in bulk, and few qualitative tests of saliva, which can 
monitor dynamic changes either in bulk of saliva or of saliva as an 
adsorbed thin film, are at this date available to describe the protective 
functions of saliva. Since changes in the protective functions of saliva 
may occur that might influence oral health and the subject’s perception 
of dry mouth, there is a need for functional tests in order to discern 
which individuals with oral dryness will require oral treatment. 
Salivary dysfunction has mainly been related to a decrease in salivary 
flow rate, but the molecular composition of saliva has gained more 
attention in understanding the complexity of the condition.

Studies have shown that there is no statistically significant or only 
a week correlation between the complaint of oral dryness and salivary 
flow rates [14-16]. This indicates that more complex physiological 
events than just the flow rate contribute to the symptom of oral 
dryness [17,18].

The above mentioned suggests that the rheological properties of 
saliva might be of greater importance for the perception of dry mouth 
than the quantity of saliva secreted alone.

The viscosity of whole saliva decreases upon increasing shear rate 
[19-21] and saliva can therefore be classified as a shear-thinning, non-
Newtonian fluid with a high elastic component. Results from studies 
were rotational rheometers with cone-and-plate geometries were used 
to measure the shear thinning and the viscoelastic properties of saliva 
led to the assumption that saliva has gel-like properties. It has been 
shown that these measurements are partly erroneous since proteins 
in saliva adsorb to the air-liquid interface at the rim of rotational 
rheometers, resulting in formation of a solid-like elastic interface 
[22]. Hence, the rheological behaviour of saliva can be characterized 
as being shear thinning with a very high elastic component. Van der 
Reijden et al. [21] observed that the linear viscoelasticity and viscosity 
of saliva secreted from the various glands decreased in the following 
order: sublingual > palatal~whole saliva~submandibular > parotid. 
They suggested that the different rheological behaviour of saliva 
from each gland secretion could be due to an influence from mucin 
concentration, mucin conformation and/or the mucin type within 
the glandular saliva. The viscosity of submandibular and parotid 
saliva was shown to be hardly dependent on the shear rate opposite to 
sublingual saliva that showed a clear shear-thinning behaviour [21].

The shear rate independency of parotid saliva may be explained 
by the absence of high molecular weight mucins in this secretion, 
which gives it a viscosity slightly higher than that of water [23].

Furthermore, at similar viscosity submandibular saliva had 
a lower degree of elasticity compared to sublingual saliva. This 
might suggest that the structure that the sublingual mucins form is 
intrinsically more elastic than submandibular mucins.

The viscosity of saliva and its degree of shear thinning varies due 
to differences in measuring methods, saliva collection and handling, 
circadian rhythm, and individual variation [21,24-27], and this affects 
the feasibility of comparing results between studies.

Since saliva is a dilute viscoelastic polymer solution with very low 
shear modulus its viscoelasticity is therefore difficult to characterize 
experi mentally. Davies and Stokes have developed an experimental 
tech nique, utilizing small gap distances, down to 5 μm, with parallel 
plate rheometry, which allows the use of small sample volumes. They 
demonstrated its applicability for high strains and strain rates as well 

as for viscoelasticity using small amplitude oscillatory shear (SAOS) 
[28]. The advantages of this SAOS tech nique as compared to previous 
measure ments using oscillating capillary flow [21] and resonant 
oscillation [24,25,29] are a wide selection of frequencies and a well-
defined strain.

Rheological characterization of saliva samples are not that 
easily performed in a clinical setting, since most of the experimental 
techniques often require large sized and expensive equipment 
developed for research purposes.

In order to explore the rheological properties of saliva, at the 
time when individuals have stated subjective complaints of oral 
dryness, the access to an instrument adapted to the clinical setting 
is a prerequisite. Another aspect is the stability of the sample. Rapid 
protein degradation occurs within 30 minutes after collection and the 
degradation starts during the collection procedure [30].

A surface loading rheometer, Bohlin Oscillating Cup Rheometer 
(Bohlin Reologi, Sjöbo, Sweden) has been developed for measuring 
rheological properties of fluids. This technique is based on an 
oscillating system where the sample is initialized to perform 
free oscillations and where the damping caused by the sample is 
determined. This allows determination of viscosity and elasticity of 
low moduli fluids using small volume samples. In liquids with limited 
viscosity only a relatively thin film, which is in contact with the sample 
cup, participates in the oscillation [31]. This technique has been used 
for monitoring blood plasma coagulation [32-34].

In addition, the size of the instrument itself allows measurements 
in a clinical setting in contrast to a conventional controlled stress or 
strain rheometer.

The aim of the study was to characterize the viscoelastic properties 
of human whole saliva using two instruments, the ARES-G2 
rheometer and the Bohlen Oscillating Cup Rheometer (BOCR).

Theory
Small amplitude oscillatory shear

The technique used with the ARES-G2 rheometer of small 
amplitude oscillatory shear with a narrow gap has been thoroughly 
described by Davies and Stokes [28]. In order to obtain meaningful 
measurements numerous gap errors have to be accounted for. The 
most prominent error, when using forced SAOS, is the unavoidable 
misalignment of parallel plates, which produces an underestimation 
in the measurements at gaps less than a few tenths of a millimetre. A 
typical gap error is 5-30 μm [26]. The gap error Δh is determined by 
measuring the viscosity ηm of a Newtonian liquid for decreasing set 
gap heights hs. A plot of hs/η vs. hs
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will give a straight line with slope 1/ηtrue and an intercept of Δh/
ηtrue where ηtrue is the true viscosity of the Newtonian fluid. The gap 
error can then be used to give a corrected modulus through
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where G refers to either G’ or G”.

Free amplitude oscillatory shear

The principle of the surface loading rheometer, like the BOCR, 
is to allow the sample, placed in a cup that is suspended by a torsion 
wire, to perform free oscillations and to measure the damping and 
frequency shifts of the oscillations caused by the sample. As the 
cylinder oscillates, the oscillation will penetrate into the fluid in the 
cylinder.

A hollow cylinder with an inner radius R and an inner height H 
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We suggest that the saliva samples due to the gel property will 
give rise to an anomalous frequency shift in addition to that which 
would be the case if there was no elasticity, i.e.

(Δ-Δ0) and that the thickness of this layer of gel which is 
responsible for this increase in inertia will be proportional to the gel 
strength, which seems reasonable.

This results in the conclusion that in order to get a measure of 
the gel strength we should take the measured frequency shift and 
then subtract the frequency shift for a situation with no elasticity (Δ-
Δ0). We then obtain something which is zero for no gel strength. We 
normalize arbitrarily by (Δ-Δ0) and finally obtain an empirical Saliva 
Gel Strength Index, SGSI.

SGSI=[(ω0-ω) / ω0 – (Δ–Δ0)] / (Δ–Δ0)                                  (7)

Based on the SGSI assumption above, the BOCR can be used to 
give an indication of gel strength and gel formation in a viscoelastic 
sample, such as saliva at uncontrolled shearing conditions, 
corresponding to a saliva sample subjected to shearing in the mouth.

Materials and Methods
Collection of saliva

Unstimulated whole saliva of 11 healthy volunteers (5 women 
and 6 men, aged 34 ± 8 years) was collected. All individuals were 
instructed to refrain from smoking (including smokeless tobacco), 
eating, drinking or any oral hygiene measures for at least 1 h prior to 
the saliva collection procedure [36]. Saliva was collected during the 
hours between 10 am and 12 am or 2 pm and 4 pm.

The unstimulated whole saliva was collected when the participant 
was positioned in a relaxed position leaning slightly forward, such that 
saliva was allowed to pool in the mouth. The saliva first expectorated 
was discarded. The donor then expectorated saliva into a test tube for 
5-10 min until 2 ml of saliva was collected.

The rheological properties of saliva were immediately measured 
within 2 min after collection.

The sample collected from the donor was calculated to enough 
volume to be used for both techniques.

Rheological measurements of unstimulated whole saliva

The small amplitude oscillatory shear rheology of unstimulated 
whole saliva was characterized by using an ARES-G2 rheometer (TA 
Instruments, New Castle, DE, USA) equipped with a parallel plate 
measuring system (40 mm diameter plates). The gap error was first 
determined to be Δh = 2.8 µm using a Newtonian calibration oil with 
a viscosity of 318.7 mPa s at 37°C.

220 μl of the saliva was pipetted to the centre of the bottom plate. 
The upper plate was lowered to a gap of 100 μm and an oscillatory 
time sweep with frequency 0.1 Hz was started immediately. Data 
was recorded for 20 minutes. The sample was covered with a thin 
layer of a low viscosity paraffin oil to avoid drying of the sample. The 
measurements were performed in the linear viscoelastic region using 
an applied strain of 5%. All measurements were performed at 37°C.

The free oscillatory rheology of unstimulated whole saliva was 
characterized using a Bohlin Oscillating Cup Rheometer (BOCR) 
(Bohlin Reologi, Sjöbo, Sweden) (Figure 1). Prior to measurements 
the instrument was calibrated with 1.0 ml of distilled water. The water 
was removed from the sample cell and replaced by 1.0 ml whole saliva 
for recording during 23 min. The sample cell was used without a fixed 
bob during the measurements. All measurements were carried out in 
room temperature (21.4°C-22.6°C).

Results and Discussion
Viscoelastic data

As can be seen from figure 2 the storage modulus, G’, of most of 
the saliva samples during linear shear increase as a function of time 

is suspended by a torsion wire along its axis. The spring constant of 
this construction is Iω0

2 wherein I, is the moment of inertia, and ω0 
the angular velocity, as the oscillation system with the empty cylinder 
performs free torsional oscillations. The free torsional oscillations 
are damped owing to the damping in the torsion wire and the other 
suspension means. The damping is defined by the logarithmic 
decrement Δ:

Δ = 1/n (ln(An/A1))                                 (1)

Wherein n is the number of periods of the oscillation and An is the 
amplitude of the oscillation in the nth period and A1 is the amplitude 
in the first period of oscillation. If the cylinder is filled with fluid 
and the oscillation system is caused to perform free oscillations, the 
damping of the oscillation will be greater than in the case of an empty 
cylinder. As the cylinder oscillates, the oscillation will penetrate into 
the fluid in the cylinder. The penetration depth δ is determined by 
the viscosity η, the density of the fluid ρ, and the angular velocity ω 
according to the equation:

δ= √ (η/ρω)                 (2)

By selecting a suitable oscillation frequency, a penetration depth 
delta δ of a low viscosity fluid can be obtained, which is much smaller 
than the radius R of the cylinder. In this case the fluid in the centre 
of the cylinder will be immovable during the torsional oscillations 
and the fluid between the cylinder wall and the immovable portion 
of the fluid will be subjected to shear. The shearing action promotes 
the damping of the oscillation. The damping caused by the shearing 
motion can be measured, and on the basis of the damping the viscosity 
of the fluid can be determined. For a viscous fluid the following 
relationship applies, provided that the penetration depth delta δ is 
much smaller than the radius R and the height H:

η = 2k ρω (Δ-Δ 0)
2                   (3)

wherein Δ and Δ0 are the logarithmic decrement in oscillation 
with and without fluid in the cylinder, and k is a calibration constant. 
By measuring the damping and the relative frequency shift, the 
dynamic viscosity η’ and the storage modulus G’ can be determined 
for a slightly viscoelastic sample according to the following equations:

η’= 2k ρω(Δ-Δ 0)(- Δ ω/ω0)              (4)   

Sq = (Δ-Δ 0)  Sw = (- ω+ω0)/ ω0

and

G’= k ρω2[ (Δ-Δ 0)
2 - (Δ ω/ω0)

 2]              (5)

wherein (-Δ ω/ω0) is the relative frequency shift [35].

An elastic response to free oscillation is a damping close to zero 
and a frequency shift corresponding to the density of the sample. This 
means that a viscoelastic material receives an extra frequency shift 
compared to a viscous sample, and that the elastic part of the saliva 
that oscillates in phase with the cup, is proportional to the strength 
of the saliva gel.

The relative frequency shift (ω0- ω)/ω0 and the damping shift 
Δ-Δ0 constitutes the basic information we obtain concerning the 
sample behaviour in the oscillating cup.

For a viscoelastic liquid where the ‘large cup’ approximation 
(penetration depth << R) is valid we can calculate the dynamic 
viscosity and elasticity from equations (4) and (5) while the non-
elastic liquid viscosity is given by equation (3). When there is no 
elasticity we have the relation

Δ-Δ0 = (ω0- ω)/ω0                (6)

For the geometry and oscillation frequency used in the BOCR 
the large cup assumption is valid up to a viscosity of 10 cSt .For the 
saliva samples the situation is more complex since the Ares results 
points to a gel structure possibly with a yield stress that may vary 
among samples. It is obvious that we cannot use the ‘large cup 
approximation’ but need to use the basic information contained in 
the frequency and damping data.
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glands while the proline-rich glycoproteins emanate from the parotid 
glands. These mucins form part of the acquired enamel pellicle and of 
the mucosal pellicle which forms a thin layer attached to the surface 
of the oral mucosa and they act as an important lubricant between 
opposing surfaces during mastication, swallowing and speaking [12-
13].

The behaviour of saliva is based on both viscous and elastic 
properties and in order to understand the functions of saliva it is of 
interest to study these properties.

Currently, diagnostic methods are addressing quantity and 
content of saliva in bulk, and few qualitative tests of saliva, which can 
monitor dynamic changes either in bulk of saliva or of saliva as an 
adsorbed thin film, are at this date available to describe the protective 
functions of saliva. Since changes in the protective functions of saliva 
may occur that might influence oral health and the subject’s perception 
of dry mouth, there is a need for functional tests in order to discern 
which individuals with oral dryness will require oral treatment. 
Salivary dysfunction has mainly been related to a decrease in salivary 
flow rate, but the molecular composition of saliva has gained more 
attention in understanding the complexity of the condition.

Studies have shown that there is no statistically significant or only 
a week correlation between the complaint of oral dryness and salivary 
flow rates [14-16]. This indicates that more complex physiological 
events than just the flow rate contribute to the symptom of oral 
dryness [17,18].

The above mentioned suggests that the rheological properties of 
saliva might be of greater importance for the perception of dry mouth 
than the quantity of saliva secreted alone.

The viscosity of whole saliva decreases upon increasing shear rate 
[19-21] and saliva can therefore be classified as a shear-thinning, non-
Newtonian fluid with a high elastic component. Results from studies 
were rotational rheometers with cone-and-plate geometries were used 
to measure the shear thinning and the viscoelastic properties of saliva 
led to the assumption that saliva has gel-like properties. It has been 
shown that these measurements are partly erroneous since proteins 
in saliva adsorb to the air-liquid interface at the rim of rotational 
rheometers, resulting in formation of a solid-like elastic interface 
[22]. Hence, the rheological behaviour of saliva can be characterized 
as being shear thinning with a very high elastic component. Van der 
Reijden et al. [21] observed that the linear viscoelasticity and viscosity 
of saliva secreted from the various glands decreased in the following 
order: sublingual > palatal~whole saliva~submandibular > parotid. 
They suggested that the different rheological behaviour of saliva 
from each gland secretion could be due to an influence from mucin 
concentration, mucin conformation and/or the mucin type within 
the glandular saliva. The viscosity of submandibular and parotid 
saliva was shown to be hardly dependent on the shear rate opposite to 
sublingual saliva that showed a clear shear-thinning behaviour [21].

The shear rate independency of parotid saliva may be explained 
by the absence of high molecular weight mucins in this secretion, 
which gives it a viscosity slightly higher than that of water [23].

Furthermore, at similar viscosity submandibular saliva had 
a lower degree of elasticity compared to sublingual saliva. This 
might suggest that the structure that the sublingual mucins form is 
intrinsically more elastic than submandibular mucins.

The viscosity of saliva and its degree of shear thinning varies due 
to differences in measuring methods, saliva collection and handling, 
circadian rhythm, and individual variation [21,24-27], and this affects 
the feasibility of comparing results between studies.

Since saliva is a dilute viscoelastic polymer solution with very low 
shear modulus its viscoelasticity is therefore difficult to characterize 
experi mentally. Davies and Stokes have developed an experimental 
tech nique, utilizing small gap distances, down to 5 μm, with parallel 
plate rheometry, which allows the use of small sample volumes. They 
demonstrated its applicability for high strains and strain rates as well 

as for viscoelasticity using small amplitude oscillatory shear (SAOS) 
[28]. The advantages of this SAOS tech nique as compared to previous 
measure ments using oscillating capillary flow [21] and resonant 
oscillation [24,25,29] are a wide selection of frequencies and a well-
defined strain.

Rheological characterization of saliva samples are not that 
easily performed in a clinical setting, since most of the experimental 
techniques often require large sized and expensive equipment 
developed for research purposes.

In order to explore the rheological properties of saliva, at the 
time when individuals have stated subjective complaints of oral 
dryness, the access to an instrument adapted to the clinical setting 
is a prerequisite. Another aspect is the stability of the sample. Rapid 
protein degradation occurs within 30 minutes after collection and the 
degradation starts during the collection procedure [30].

A surface loading rheometer, Bohlin Oscillating Cup Rheometer 
(Bohlin Reologi, Sjöbo, Sweden) has been developed for measuring 
rheological properties of fluids. This technique is based on an 
oscillating system where the sample is initialized to perform 
free oscillations and where the damping caused by the sample is 
determined. This allows determination of viscosity and elasticity of 
low moduli fluids using small volume samples. In liquids with limited 
viscosity only a relatively thin film, which is in contact with the sample 
cup, participates in the oscillation [31]. This technique has been used 
for monitoring blood plasma coagulation [32-34].

In addition, the size of the instrument itself allows measurements 
in a clinical setting in contrast to a conventional controlled stress or 
strain rheometer.

The aim of the study was to characterize the viscoelastic properties 
of human whole saliva using two instruments, the ARES-G2 
rheometer and the Bohlen Oscillating Cup Rheometer (BOCR).

Theory
Small amplitude oscillatory shear

The technique used with the ARES-G2 rheometer of small 
amplitude oscillatory shear with a narrow gap has been thoroughly 
described by Davies and Stokes [28]. In order to obtain meaningful 
measurements numerous gap errors have to be accounted for. The 
most prominent error, when using forced SAOS, is the unavoidable 
misalignment of parallel plates, which produces an underestimation 
in the measurements at gaps less than a few tenths of a millimetre. A 
typical gap error is 5-30 μm [26]. The gap error Δh is determined by 
measuring the viscosity ηm of a Newtonian liquid for decreasing set 
gap heights hs. A plot of hs/η vs. hs

true
s

truem

s hh
h

ηηη
∆

+=
1

               (1)

will give a straight line with slope 1/ηtrue and an intercept of Δh/
ηtrue where ηtrue is the true viscosity of the Newtonian fluid. The gap 
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where G refers to either G’ or G”.

Free amplitude oscillatory shear

The principle of the surface loading rheometer, like the BOCR, 
is to allow the sample, placed in a cup that is suspended by a torsion 
wire, to perform free oscillations and to measure the damping and 
frequency shifts of the oscillations caused by the sample. As the 
cylinder oscillates, the oscillation will penetrate into the fluid in the 
cylinder.

A hollow cylinder with an inner radius R and an inner height H 
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We suggest that the saliva samples due to the gel property will 
give rise to an anomalous frequency shift in addition to that which 
would be the case if there was no elasticity, i.e.

(Δ-Δ0) and that the thickness of this layer of gel which is 
responsible for this increase in inertia will be proportional to the gel 
strength, which seems reasonable.

This results in the conclusion that in order to get a measure of 
the gel strength we should take the measured frequency shift and 
then subtract the frequency shift for a situation with no elasticity (Δ-
Δ0). We then obtain something which is zero for no gel strength. We 
normalize arbitrarily by (Δ-Δ0) and finally obtain an empirical Saliva 
Gel Strength Index, SGSI.

SGSI=[(ω0-ω) / ω0 – (Δ–Δ0)] / (Δ–Δ0)                                  (7)

Based on the SGSI assumption above, the BOCR can be used to 
give an indication of gel strength and gel formation in a viscoelastic 
sample, such as saliva at uncontrolled shearing conditions, 
corresponding to a saliva sample subjected to shearing in the mouth.

Materials and Methods
Collection of saliva

Unstimulated whole saliva of 11 healthy volunteers (5 women 
and 6 men, aged 34 ± 8 years) was collected. All individuals were 
instructed to refrain from smoking (including smokeless tobacco), 
eating, drinking or any oral hygiene measures for at least 1 h prior to 
the saliva collection procedure [36]. Saliva was collected during the 
hours between 10 am and 12 am or 2 pm and 4 pm.

The unstimulated whole saliva was collected when the participant 
was positioned in a relaxed position leaning slightly forward, such that 
saliva was allowed to pool in the mouth. The saliva first expectorated 
was discarded. The donor then expectorated saliva into a test tube for 
5-10 min until 2 ml of saliva was collected.

The rheological properties of saliva were immediately measured 
within 2 min after collection.

The sample collected from the donor was calculated to enough 
volume to be used for both techniques.

Rheological measurements of unstimulated whole saliva

The small amplitude oscillatory shear rheology of unstimulated 
whole saliva was characterized by using an ARES-G2 rheometer (TA 
Instruments, New Castle, DE, USA) equipped with a parallel plate 
measuring system (40 mm diameter plates). The gap error was first 
determined to be Δh = 2.8 µm using a Newtonian calibration oil with 
a viscosity of 318.7 mPa s at 37°C.

220 μl of the saliva was pipetted to the centre of the bottom plate. 
The upper plate was lowered to a gap of 100 μm and an oscillatory 
time sweep with frequency 0.1 Hz was started immediately. Data 
was recorded for 20 minutes. The sample was covered with a thin 
layer of a low viscosity paraffin oil to avoid drying of the sample. The 
measurements were performed in the linear viscoelastic region using 
an applied strain of 5%. All measurements were performed at 37°C.

The free oscillatory rheology of unstimulated whole saliva was 
characterized using a Bohlin Oscillating Cup Rheometer (BOCR) 
(Bohlin Reologi, Sjöbo, Sweden) (Figure 1). Prior to measurements 
the instrument was calibrated with 1.0 ml of distilled water. The water 
was removed from the sample cell and replaced by 1.0 ml whole saliva 
for recording during 23 min. The sample cell was used without a fixed 
bob during the measurements. All measurements were carried out in 
room temperature (21.4°C-22.6°C).

Results and Discussion
Viscoelastic data

As can be seen from figure 2 the storage modulus, G’, of most of 
the saliva samples during linear shear increase as a function of time 

is suspended by a torsion wire along its axis. The spring constant of 
this construction is Iω0

2 wherein I, is the moment of inertia, and ω0 
the angular velocity, as the oscillation system with the empty cylinder 
performs free torsional oscillations. The free torsional oscillations 
are damped owing to the damping in the torsion wire and the other 
suspension means. The damping is defined by the logarithmic 
decrement Δ:

Δ = 1/n (ln(An/A1))                                 (1)

Wherein n is the number of periods of the oscillation and An is the 
amplitude of the oscillation in the nth period and A1 is the amplitude 
in the first period of oscillation. If the cylinder is filled with fluid 
and the oscillation system is caused to perform free oscillations, the 
damping of the oscillation will be greater than in the case of an empty 
cylinder. As the cylinder oscillates, the oscillation will penetrate into 
the fluid in the cylinder. The penetration depth δ is determined by 
the viscosity η, the density of the fluid ρ, and the angular velocity ω 
according to the equation:

δ= √ (η/ρω)                 (2)

By selecting a suitable oscillation frequency, a penetration depth 
delta δ of a low viscosity fluid can be obtained, which is much smaller 
than the radius R of the cylinder. In this case the fluid in the centre 
of the cylinder will be immovable during the torsional oscillations 
and the fluid between the cylinder wall and the immovable portion 
of the fluid will be subjected to shear. The shearing action promotes 
the damping of the oscillation. The damping caused by the shearing 
motion can be measured, and on the basis of the damping the viscosity 
of the fluid can be determined. For a viscous fluid the following 
relationship applies, provided that the penetration depth delta δ is 
much smaller than the radius R and the height H:

η = 2k ρω (Δ-Δ 0)
2                   (3)

wherein Δ and Δ0 are the logarithmic decrement in oscillation 
with and without fluid in the cylinder, and k is a calibration constant. 
By measuring the damping and the relative frequency shift, the 
dynamic viscosity η’ and the storage modulus G’ can be determined 
for a slightly viscoelastic sample according to the following equations:

η’= 2k ρω(Δ-Δ 0)(- Δ ω/ω0)              (4)   

Sq = (Δ-Δ 0)  Sw = (- ω+ω0)/ ω0

and

G’= k ρω2[ (Δ-Δ 0)
2 - (Δ ω/ω0)

 2]              (5)

wherein (-Δ ω/ω0) is the relative frequency shift [35].

An elastic response to free oscillation is a damping close to zero 
and a frequency shift corresponding to the density of the sample. This 
means that a viscoelastic material receives an extra frequency shift 
compared to a viscous sample, and that the elastic part of the saliva 
that oscillates in phase with the cup, is proportional to the strength 
of the saliva gel.

The relative frequency shift (ω0- ω)/ω0 and the damping shift 
Δ-Δ0 constitutes the basic information we obtain concerning the 
sample behaviour in the oscillating cup.

For a viscoelastic liquid where the ‘large cup’ approximation 
(penetration depth << R) is valid we can calculate the dynamic 
viscosity and elasticity from equations (4) and (5) while the non-
elastic liquid viscosity is given by equation (3). When there is no 
elasticity we have the relation

Δ-Δ0 = (ω0- ω)/ω0                (6)

For the geometry and oscillation frequency used in the BOCR 
the large cup assumption is valid up to a viscosity of 10 cSt .For the 
saliva samples the situation is more complex since the Ares results 
points to a gel structure possibly with a yield stress that may vary 
among samples. It is obvious that we cannot use the ‘large cup 
approximation’ but need to use the basic information contained in 
the frequency and damping data.
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and then stabilises after about 1200 s. Further, table 1, displaying 
the storage modulus, G’, and the phase angle, δ, of the samples after 
1200 s shows that most of the saliva samples show a high degree of 
viscoelasticity and a moderate level of elasticity, with all samples 
but four, S7, S8, S9 and S11, having phase angles < 30° and storage 
modulus between 0,15 and 2.1 Pa when subjected to linear behaviour, 
i.e. at rest. The elastic behaviour of the samples may be due to the 
adsorption of proteins at the air-liquid interface. Therefore, the 
increase in elasticity as a function of time demonstrates the formation 
of an entanglement structure in saliva. It is clearly seen that the 
degree of elasticity differs between the saliva samples and this can be 
explained by lower or higher average molecular weight of the structure 
forming proteins, due to compositional differences of the saliva, or 
the concentration of the same in saliva. An increase in the average 
molecular weight as well as protein concentration would be expected 
to result in a higher storage modulus. The linear measurement results 
obtained hence indicate that samples S3, S6, S4 and S2, with G’ values 
between 1.2 and 2.1 Pa and δ values below 30° have the highest degree 
of structure. The variation in G’ value as a function of time as well as 
the more viscous behaviour for sample S11 can be an example of a 
very dilute saliva sample with too low degree of elasticity in relation to 
the sensitivity of the rheometer. The solid-like surface film developed 
in saliva at rest, discussed above, has been shown to be disrupted at 
very low strains [22].

It can be seen from figure 3 that the Gel strength index, SGSI, of 

most of the saliva samples show linear elastic values during the time 
of the measurement. The reason for this linear behaviour compared to 
the increase in elasticity for the ARES measured saliva samples can be 
explained by the measurement parameters. The ARES measurements 
are performed in the linear viscoelastic region of the saliva.

This means that we study the saliva samples without any 
significant impact on their structure which influence the rheological 
properties. The BOCR measurements are performed in uncontrolled 
and most probably non-linear viscoelastic region of the saliva 
samples, preventing the formation of solid-like surface films. As for 
the ARES measurements it is clearly seen that the degree of elasticity 
differs between the saliva samples and this may again explained by 
the concentration and composition, with the resulting differences in 
average molecular weight, of the structure forming proteins as well 
as their resistance to breakdown during shear in the mouth. The 
viscosity of the saliva samples in the BOCR, ranged between 0.69-3.56 
mPa s and with an average of 1.77 mPa s this is in line with what has 
previously been measured.

Salivary mucins have been reported to comprise up to 26% of 
the total protein (1-2 mg/ml) concentration in saliva [37]. Of these 
mucins, MUC5B has by far the highest molecular weight, Mw reaching 
up to 2-40 MDa and the concentration of the same has been reported 
as 233 μg/ml [38]. Based on this it can be expected that MUC5B 

         

Figure 1: The Bohlin Oscillating Cup Rheometer (BOCR).

1. Oscillator actuator, sensor and suspension assembly.  
2. Base mount  
3. Sample cell.  
4. Fixed Central cylinder for best thermal control.  
5. Thermal jacket  
6. Cover plate.

         

 

Figure 2: Ares viscoelastic data.

Saliva storage modulus (G’) as a function of time at T = 37°C

Each participant denoted as S for subject.

         

Figure 3: BOCR viscoelastic data.

SGSI = η’/(η −1) plotted as a function of time at T = 22°C

Each participant denoted as S for subject.

Sample G' (Pa) δ,°

S1 0,19 14
S2 2,1 18
S3 1,2 24
S4 1,6 27
S5 0,56 18
S6 1,4 17
S7 0,53 46
S8 0,12 33
S9 0,19 33
S10 0,15 25
S11 0,03 51

Table 1: Storage modulus and phase angle values of the samples studied after 
1200s at 37°C.
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dominates the behaviour of saliva. On the other hand, it is simplistic 
to consider saliva as a solution of MUC5B since it has been shown that 
concentrated solutions of this mucin do not fully replicate the gel-like 
properties of human whole saliva. Furthermore, the aggregation of 
other mucins, such as MUC7, and the presence of various lubricative 
and surface active molecules also play a role in the behaviour of saliva 
[39].

The conformation of mucin depends on factors such as ionic 
strength and pH [40]. Bicarbonate is a vital component of the pH 
buffering system. The concentration of bicarbonate increases 
markedly with the flow rate and it is therefore only really effective 
at high salivary flow rates. The bicarbonate ion reduces the amount 
of free calcium and calcium bound to mucins, and this may cause 
mucins to lose the ability to crosslink resulting in a more relaxed 
structural arrangement and decreased viscosity [41].

At lower pH, mucins are reported to form gel phases due to 
hydrophobic interactions resulting in an increased tendency for 
aggregation [40,42].

It could be argued that the difference in degree of elasticity 
between samples partly is a result of individual variations in pH. Since 
unstimulated saliva was characterized in the present study and the fact 
that the bicarbonate concentration, which affects the conformation of 
mucins, increases with flow rate the alleged variations in pH might be 
a minor contributing factor to the differences seen between samples.

Saliva has a unique combination of rheological properties, namely 
low viscosity, shear thinning and high elasticity which most likely 
are responsible for the elastohydrodynamic (full-film) lubricating 
properties. Since saliva has a high stress ratio [27], a relatively thin 
salivary film is able to keep opposing surfaces apart. The low viscosity 
combined with shear thinning results in low friction. An alteration in 
these properties may lead to an impairment in the lubricating ability 
of the oral mucosa and other oral tissues and result in abrasion, 
erosion, tooth decay, as well as it may affect the subjective sensation 
of dryness.

Since the lubrication properties of saliva is a function of the 
rheological characteristics and the surface associated components 
as well as the bulk components and their interplay [25] a 
multitechnological  approach is needed in order to explore and 
characterize factors that influence the protective functions of saliva.

Conclusions
The ARES rheometer is an absolute instrument and will in 

linear viscoelastic conditions of the sample give absolute viscoelastic 
numbers of undisturbed saliva.

The BOCR can be used to give an indication of gel strength 
and structure resistance to breakdown during shear in viscoelastic 
samples being sheared in their non-linear viscoelastic region through 
assuming a Saliva Gel Strength Index, SGSI.

It is suggested that the BOCR can be used to distinguish between 
saliva samples with high and low degree of viscoelasticity respectively. 
This assumption is also supported by the fact that shearing of the saliva 
in the mouth is rather a non-linear than a linear shearing process.

Considering that time will affect the dynamic molecular 
rearrangements in the saliva sample and thereby the shearing 
process, the BOCR will be a clinically suitable method to user chair 
side for measuring viscoelastic behavior of saliva. Further studies 
are undertaken to analyse samples from patients with dry mouth 
symptoms, to validate the accuracy of the BOCR measurements for 
diagnostic purpose as well as to characterize the protective functions 
of saliva with a multitechnological approach.
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and then stabilises after about 1200 s. Further, table 1, displaying 
the storage modulus, G’, and the phase angle, δ, of the samples after 
1200 s shows that most of the saliva samples show a high degree of 
viscoelasticity and a moderate level of elasticity, with all samples 
but four, S7, S8, S9 and S11, having phase angles < 30° and storage 
modulus between 0,15 and 2.1 Pa when subjected to linear behaviour, 
i.e. at rest. The elastic behaviour of the samples may be due to the 
adsorption of proteins at the air-liquid interface. Therefore, the 
increase in elasticity as a function of time demonstrates the formation 
of an entanglement structure in saliva. It is clearly seen that the 
degree of elasticity differs between the saliva samples and this can be 
explained by lower or higher average molecular weight of the structure 
forming proteins, due to compositional differences of the saliva, or 
the concentration of the same in saliva. An increase in the average 
molecular weight as well as protein concentration would be expected 
to result in a higher storage modulus. The linear measurement results 
obtained hence indicate that samples S3, S6, S4 and S2, with G’ values 
between 1.2 and 2.1 Pa and δ values below 30° have the highest degree 
of structure. The variation in G’ value as a function of time as well as 
the more viscous behaviour for sample S11 can be an example of a 
very dilute saliva sample with too low degree of elasticity in relation to 
the sensitivity of the rheometer. The solid-like surface film developed 
in saliva at rest, discussed above, has been shown to be disrupted at 
very low strains [22].

It can be seen from figure 3 that the Gel strength index, SGSI, of 

most of the saliva samples show linear elastic values during the time 
of the measurement. The reason for this linear behaviour compared to 
the increase in elasticity for the ARES measured saliva samples can be 
explained by the measurement parameters. The ARES measurements 
are performed in the linear viscoelastic region of the saliva.

This means that we study the saliva samples without any 
significant impact on their structure which influence the rheological 
properties. The BOCR measurements are performed in uncontrolled 
and most probably non-linear viscoelastic region of the saliva 
samples, preventing the formation of solid-like surface films. As for 
the ARES measurements it is clearly seen that the degree of elasticity 
differs between the saliva samples and this may again explained by 
the concentration and composition, with the resulting differences in 
average molecular weight, of the structure forming proteins as well 
as their resistance to breakdown during shear in the mouth. The 
viscosity of the saliva samples in the BOCR, ranged between 0.69-3.56 
mPa s and with an average of 1.77 mPa s this is in line with what has 
previously been measured.

Salivary mucins have been reported to comprise up to 26% of 
the total protein (1-2 mg/ml) concentration in saliva [37]. Of these 
mucins, MUC5B has by far the highest molecular weight, Mw reaching 
up to 2-40 MDa and the concentration of the same has been reported 
as 233 μg/ml [38]. Based on this it can be expected that MUC5B 

         

Figure 1: The Bohlin Oscillating Cup Rheometer (BOCR).

1. Oscillator actuator, sensor and suspension assembly.  
2. Base mount  
3. Sample cell.  
4. Fixed Central cylinder for best thermal control.  
5. Thermal jacket  
6. Cover plate.

         

 

Figure 2: Ares viscoelastic data.

Saliva storage modulus (G’) as a function of time at T = 37°C

Each participant denoted as S for subject.

         

Figure 3: BOCR viscoelastic data.

SGSI = η’/(η −1) plotted as a function of time at T = 22°C

Each participant denoted as S for subject.

Sample G' (Pa) δ,°

S1 0,19 14
S2 2,1 18
S3 1,2 24
S4 1,6 27
S5 0,56 18
S6 1,4 17
S7 0,53 46
S8 0,12 33
S9 0,19 33
S10 0,15 25
S11 0,03 51

Table 1: Storage modulus and phase angle values of the samples studied after 
1200s at 37°C.
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dominates the behaviour of saliva. On the other hand, it is simplistic 
to consider saliva as a solution of MUC5B since it has been shown that 
concentrated solutions of this mucin do not fully replicate the gel-like 
properties of human whole saliva. Furthermore, the aggregation of 
other mucins, such as MUC7, and the presence of various lubricative 
and surface active molecules also play a role in the behaviour of saliva 
[39].

The conformation of mucin depends on factors such as ionic 
strength and pH [40]. Bicarbonate is a vital component of the pH 
buffering system. The concentration of bicarbonate increases 
markedly with the flow rate and it is therefore only really effective 
at high salivary flow rates. The bicarbonate ion reduces the amount 
of free calcium and calcium bound to mucins, and this may cause 
mucins to lose the ability to crosslink resulting in a more relaxed 
structural arrangement and decreased viscosity [41].

At lower pH, mucins are reported to form gel phases due to 
hydrophobic interactions resulting in an increased tendency for 
aggregation [40,42].

It could be argued that the difference in degree of elasticity 
between samples partly is a result of individual variations in pH. Since 
unstimulated saliva was characterized in the present study and the fact 
that the bicarbonate concentration, which affects the conformation of 
mucins, increases with flow rate the alleged variations in pH might be 
a minor contributing factor to the differences seen between samples.

Saliva has a unique combination of rheological properties, namely 
low viscosity, shear thinning and high elasticity which most likely 
are responsible for the elastohydrodynamic (full-film) lubricating 
properties. Since saliva has a high stress ratio [27], a relatively thin 
salivary film is able to keep opposing surfaces apart. The low viscosity 
combined with shear thinning results in low friction. An alteration in 
these properties may lead to an impairment in the lubricating ability 
of the oral mucosa and other oral tissues and result in abrasion, 
erosion, tooth decay, as well as it may affect the subjective sensation 
of dryness.

Since the lubrication properties of saliva is a function of the 
rheological characteristics and the surface associated components 
as well as the bulk components and their interplay [25] a 
multitechnological  approach is needed in order to explore and 
characterize factors that influence the protective functions of saliva.

Conclusions
The ARES rheometer is an absolute instrument and will in 

linear viscoelastic conditions of the sample give absolute viscoelastic 
numbers of undisturbed saliva.

The BOCR can be used to give an indication of gel strength 
and structure resistance to breakdown during shear in viscoelastic 
samples being sheared in their non-linear viscoelastic region through 
assuming a Saliva Gel Strength Index, SGSI.

It is suggested that the BOCR can be used to distinguish between 
saliva samples with high and low degree of viscoelasticity respectively. 
This assumption is also supported by the fact that shearing of the saliva 
in the mouth is rather a non-linear than a linear shearing process.

Considering that time will affect the dynamic molecular 
rearrangements in the saliva sample and thereby the shearing 
process, the BOCR will be a clinically suitable method to user chair 
side for measuring viscoelastic behavior of saliva. Further studies 
are undertaken to analyse samples from patients with dry mouth 
symptoms, to validate the accuracy of the BOCR measurements for 
diagnostic purpose as well as to characterize the protective functions 
of saliva with a multitechnological approach.
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Abstract 

Saliva exerts its protective functions both within the bulk and as an adsorbed thin film in the 

oral cavity. Today, clinical methods evaluating a combination of saliva bulk and saliva 

surface film protective properties are not available. Perceived oral dryness is assumed to be 

an expression of variations in qualitative changes of saliva protective functions, exerted in 

bulk and as a thin film.  

Objectives: The objective of this study was to characterize the film-forming properties and the 

viscoelastic properties of human whole saliva in individuals with (1) no objective or subjective 

oral dryness, (2) objective oral dryness, (3) subjective oral dryness, and (4) objective and 

subjective oral dryness. 

Methods: 18 individuals answered a questionnaire assessing subjective oral dryness prior to 

a clinical oral examination that included measures of salivary flow rates. The distribution of 

participants in the different groups were as follows: 7 individuals with no subjective or 

objective oral dryness, 2 individuals with objective oral dryness, 5 individuals with subjective 

oral dryness, and 4 individuals with subjective and objective oral dryness. 

Saliva association to surfaces and film-forming properties were measured by infrared 

spectroscopy, drop-volume technique and clinical wettability. Measurements of viscoelasticity 

were carried out using an oscillating rheometer. Total protein concentration of saliva was 

obtained through the Bio-Rad Quick Start Protein Assay and the pH of resting and stimulated 

saliva was determined using a Dentobuff® Strip.  

Results: Individuals expressing subjective oral dryness at the time of examination, displayed 

the lowest values of both viscosity and elasticity, compared to the other groups tested. The 

amount of protein associated to a germanium prism was the lowest measured as Amide I+II 

absorption peak area even if the total protein concentration was moderate in the group. This 

in combination with a moderate decrease in surface tension after 600 s may be indicative of 

a lower film forming capacity of saliva from individuals expressing subjective oral dryness.  

Conclusion: Specific functional measurements of saliva have been identified as potential 

markers for dysfunctional states of whole human saliva. Measurements of saliva viscosity 

and elasticity in combination with protein concentration and dynamic surface tension of saliva 

may as separate or as combined methods, be descriptive of saliva film-forming capacity. To 

establish diagnostic predictive values of the methods separately or in combination, a larger 

population has to be investigated. 
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Introduction 

Oral dryness, or dry mouth, is a complex condition, expressed as a physiological deficiency 

with or without perceived dysfunction. This condition can severely affect oral function and 

quality of life [1]. Oral dryness may be caused by many factors. One factor of importance is 

pharmacotherapy. Decreased salivary flow rate has been reported as a consequence of 

treatment with various types of drugs but as for the subjective feeling of oral dryness the total 

number of drugs taken seems to be more important [2]. No age dependent decrease in 

salivary flow rate has been established [3, 4] although a higher prevalence of perceived oral 

dryness has been reported with increased age [2]. This might be explained by an increased 

intake of medication with increasing age. Other causes of dry mouth include the autoimmune 

inflammatory disease Sjögren’s syndrome (SS), the effects of radiotherapy to the head and 

neck region and chemotherapy. 

Several studies have reported the mean flow rate of resting saliva in healthy persons to be in 

the range of 0.30-0.40 ml/min but with a large standard deviation [5-8]. The subjective feeling 

of oral dryness has however been claimed by persons with flow rates in the normal range [9-

12]. This indicates that the subjective feeling may be more dependent on the structure and 

composition of the saliva secretions than on the quantity of saliva secreted alone. After 

swallowing, saliva is present as a thin film coating all oral surfaces [13, 14]. Studies have 

shown that on mucosal surfaces, a reduced residual film correlates with hyposalivation [15], 

although reduced residual mucosal saliva has also been reported among individuals with dry 

mouth with no apparent hyposalivation [16]. These findings indicate the need for qualitative 

analyses of saliva in order to investigate changes associated with oral dryness.  

Saliva is a fluid with numerous properties and functions and it plays an important role in 

protecting oral tissues and restorations from wear, demineralization, dehydration and 

influence of external insults. The composition of saliva emanates from the synthesis in the 

different salivary glands and the consecutive modification in the ductal system before it is 

secreted into the mouth. The components originating from saliva production, organic and 

inorganic, act collectively to modulate the oral environment and undergo continuous 

modulation in the oral cavity.  
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A large number of salivary proteins have been identified and characterized with respect to 

their structure as well as to their biological activity and function. Many of these proteins have 

multifunctional properties as well as overlapping functions leading to a built-in redundancy in 

saliva with regard to its protective functions [17]. In order for the different salivary proteins to 

exert their protective functions, saliva has to spread out as a thin film over oral tissues and, if 

present, also over dental reconstructions. The efficiency of this protective barrier is not only 

dependent on the composition of saliva but also on the adsorption process of proteins 

forming an interface towards biological and artificial surfaces in the oral cavity and the 

surface properties of these [18]. Additionally the adsorption process and molecular 

arrangements of the salivary film will affect the resistance of the film as well as the underlying 

surface when exposed to shear forces. 

A structural model of the salivary film has been described as being composed of roughly 5 

saliva layers including a precursor layer, a tightly bound protein layer, a layer of surface-

anchored mucin brush, a liquid bulk layer and an outer proteinaceous layer at the interface 

with air [19, 20].  This structure with multiple layers and the interplay between their 

components, together with the rheological characteristics of the system is most likely 

contributing to the entire spectrum of saliva’s protective and lubrication functionality [21, 22]. 

The rheological properties that saliva displays, i.e. low viscosity, shear thinning and high 

elasticity are most likely responsible for the elasto-hydrodynamic (full-film) lubricating 

properties. The ratio of normal stress and shear stress, which is high in saliva, describes the 

balance between the work required to stretch the polymer molecules and the elastic energy 

they store. Due to this high stress ratio [23], a relatively thin salivary film is able to keep 

opposing surfaces apart. The low viscosity combined with shear thinning results in low 

friction. An alteration in these properties may lead to impairment in the lubricating ability of 

the oral mucosa and other oral tissues and result in abrasion, erosion, tooth decay, as well 

as it may affect the subjective sensation of dryness.  

Salivary glycoproteins, such as mucins and proline-rich proteins, have structural features that 

correlate to the function of lubrication. The high molecular weight, gel-forming MUC5B and 

the lower molecular weight MUC7 are found in saliva. The molecular structure of both mucins 

is a protein backbone enriched with threonine/serine and proline amino acids, which allow for 

N-and O-glycosylation. After synthesis, sialylated (sialic acid containing) and sulfated 

residues lend mucins a negative charge, which results in the capacity of water retention [24].  

A decrease in mucin hydration has been proposed as a mechanism for oral dryness 

associated with Sjögren’s syndrome [25].  
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A pilot study of patients that had received radiotherapy for head-and-neck cancer showed 

that the 12 patients with mild or no subjective sensation of oral dryness had higher levels of 

MUC5B in their submandibular saliva compared with the 17 patients with more severe 

sensation of oral dryness [26]. 

Based on what has been described, one can hypothesize that saliva from individuals with 

subjective and or objective oral dryness have altered rheological properties, expressed as 

lower values of viscosity and elasticity,  as well as lower film-forming capacity compared to 

individuals without oral dryness. 

The aim of this study was to utilize multiple interfacial analytical technologies to characterize 

the film-forming properties and the viscoelastic properties of human whole saliva in 

individuals with (1) no objective or subjective oral dryness, (2) objective oral dryness, (3) 

subjective oral dryness, and (4) objective and subjective oral dryness. 

 

Materials and methods 

Study population 

The four groups of individuals analyzed were identified in a previous study [12]. These four 

groups comprised of individuals with (1) no objective or subjective oral dryness (85 

individuals), (2) objective oral dryness (21 individuals), (3) subjective oral dryness (35 

individuals), and (4) objective and subjective oral dryness (16 individuals). Objective oral 

dryness was defined as an unstimulated salivary flow < 0.1 ml/min or a stimulated salivary 

flow < 0.7 ml/min. The question ‘Does your mouth usually feel dry’ obtained from a 

questionnaire was used as an indicator of subjective oral dryness. In addition the individuals 

had to report perceived sensation of oral dryness at the time when the tests was performed. 

Since the participation rate from a randomly selected group identified in the previously 

reported study was very low (34 individuals out of 200 participated), only individuals from a 

dental care-seeking group, also identified, were requested to participate in this study. 

The present study was conducted nine to eleven years after the initial examination, thus 

subjects were included upon availability. The number of eligible individuals, in the respective 

groups according to the distribution made 2004-2006, is presented in Fig. 1. 

Information regarding the study was sent out to 20 individuals (10 women and 10 men) in the 

group with no subjective or objective oral dryness. 
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From the original 14 participants (9 women and 5 men) in group 2 (objective oral dryness), 2 

had moved to other parts of Sweden. In group 3 (subjective oral dryness) with original 28 

participants (17 women and 11 men) 2 individuals had moved to other parts of the country (2 

women) and 3 had no telephone or address registered (2 women and 1 man). 

In group 4 (subjective and objective oral dryness) which originally comprised of 12 

participants (10 women and 2 men), 1 individual (1 man) had moved from the area and 1 

individual (1 woman) had no telephone or address registered.  

Thus, 12 individuals (8 women and 4 men) from group 2, 24 individuals (13 women and 10 

men) from group 3, and 10 individuals (9 women and 1 man) from group 4 were contacted to 

be included in the study. 

 

Questionnaire 

All participants completed a questionnaire prior to the clinical examination. A revised 

questionnaire to the one described in the study by Löfgren et al. 2010 was used [12]. The 

questionnaire included questions regarding year of birth, gender, diagnosed diseases, 

medication and tobacco/ snuff use. The question ‘Does your mouth usually feel dry?’ was 

used as an indicator of subjective oral dryness. A positive answer led to further inquiries 

regarding time and duration of mouth dryness, use of remedies and difficulties in mastication 

and swallowing. The questionnaire was supplemented with questions addressing dryness of 

lips, tongue, teeth and buccal mucosa. A positive answer led to requesting a rating of the 

actual oral dryness on the day of examination using a 0-10 visual analogue scale. 

Furthermore the participants were asked to describe the sensation in their mouths and how 

they perceived their saliva, in free text. 

Clinical examination 

The clinical protocol was designed according to the WHO Oral Health Surveys [27] and 

included the registration of decayed, missing and filled tooth surfaces (DMFS) and teeth 

(DMFT). The prosthetic status included the registration of existing bridge(s), partial 

denture(s) and full removable denture(s) in the maxilla and mandible. Degree of abrasion 

was recorded as no abrasion (0), abrasion confined to enamel (1), a small degree of 

abrasion in dentine (2), extensive abrasion in dentine (3) and abrasion greater than half of 

the height of the clinical crown (4). Registration of abrasion was made for the different groups 

of teeth (incisors, canines, premolars and molars). 
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All participants were asked to expectorate unstimulated and stimulated whole saliva. 

Participants had been instructed to refrain from smoking (including use of smokeless 

tobacco), eating, drinking and performance of any oral hygiene practice for 2 h prior to the 

measurements. Resting whole saliva was collected into a graduated test tube when the 

participant was positioned in a relaxed position leaning slightly forward. After clearing the 

mouth by swallowing, saliva was drooled for up to 15 min, until 3 ml of saliva was collected. 

Participants with removable dentures retained those during the saliva collection procedure. 

Stimulated whole saliva was collected through chewing PARA FILM ‘M’ of standardized size 

(5 cm x 5 cm, Laboratory film, American Can Company, Dixie/Marathon, Greenwich, CT, 

USA) and collected during a 5-min period. The buffering capacity, expressed as pH, of 

resting and stimulated whole saliva secretions was determined using a Dentobuff® Strip 

(Orion Diagnostica, Finland) according to the manufacturer’s instructions. The stimulated 

whole saliva was immediately stored at -80°C, and kept at this temperature until 

determination of protein concentration. 

Saliva collection was performed between 8 a.m. and 7 p.m. Time of saliva collection was 

registered for all individuals. 

Multiple  attenuated  internal  reflection  spectroscopy  (MAIR)  

To obtain chemical information of the saliva films, multiple attenuated internal reflection 

spectroscopy (MAIR) was applied, using a Paragon 1000 FT-IR spectrometer (PerkinElmer, 

Göteborg, Sweden) equipped with an ATR mirror accessory (PerkinElmer, Göteborg, 

Sweden). 

The saliva carrier in these experiments was germanium prisms (Willmad Glass, Buena Vista, 

NJ, USA) measuring 5 x 9 x 1 mm, which allowed for multiple attenuated infrared 

spectroscopy. Germanium prisms have been shown to display adsorption characteristics of 

saliva similar to those of tooth enamel [18, 28]. 

Salivary films were allowed to form on the germanium prisms placed intraorally under the 

upper lip of the participants during 3 minutes. The prisms were then allowed to air dry for 

approximately 15 minutes and then analyzed by IR spectroscopy.  

Dynamic  rheology  

Viscosity measurement of the saliva samples were performed by a dynamic rheometer 

(ReoCue; Bohlin Reologi, Sjöbo, Sweden). The rheometer is based on the technique of 

surface loading which allows determination of viscosity (dynamic viscosity, h’) and elasticity 

(storage modulus, G’) of low moduli fluids using small volume samples [29].  The principle is 

to allow the sample to perform free oscillations and to measure the damping and frequency 

shift of these. The surface loading means that the viscosity of the fluid within a certain 



  

6  
  

From the original 14 participants (9 women and 5 men) in group 2 (objective oral dryness), 2 

had moved to other parts of Sweden. In group 3 (subjective oral dryness) with original 28 

participants (17 women and 11 men) 2 individuals had moved to other parts of the country (2 

women) and 3 had no telephone or address registered (2 women and 1 man). 

In group 4 (subjective and objective oral dryness) which originally comprised of 12 

participants (10 women and 2 men), 1 individual (1 man) had moved from the area and 1 

individual (1 woman) had no telephone or address registered.  

Thus, 12 individuals (8 women and 4 men) from group 2, 24 individuals (13 women and 10 

men) from group 3, and 10 individuals (9 women and 1 man) from group 4 were contacted to 

be included in the study. 

 

Questionnaire 
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and swallowing. The questionnaire was supplemented with questions addressing dryness of 
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included the registration of decayed, missing and filled tooth surfaces (DMFS) and teeth 
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penetration depth, depending on the viscosity and density of the sample as well as the 

applied frequency, is measured.  

Prior to measurements, the instrument was calibrated with 1.0 ml of distilled water. The water 

was removed from the sample cell and replaced by 1.0 ml whole saliva for recording during 

22 min. The sample cell was used without a fixed bob during the measurements. 

Surface  tension  measurements  

Surface tension measurements at the liquid/air interface were performed using a drop 

volume tensiometer (LAUDA TVT 2, Lauda Königshofen, Germany). The technique is based 

on the principles of the drop volume method as described by Tornberg [30] and Arnebrant & 

Nylander [31].   

The method allows for formation of sample drops of a given size corresponding to a 

predetermined interfacial tension value. Sample drops are produced by a syringe plunger 

that automatically bring the sample into a capillary of known diameter. These drops grow as 

long as their weight is less than the holding force on the capillary. When this weight reaches 

the same magnitude as the holding force, the drop detaches and the volume of the drop is 

measured. Surface tension is then calculated from this volume.  

The value of the surface tension is an indirect measure of the amount and conformation of 

surface active material that is accumulated at the interface. In saliva the surface active agent 

consists of proteins, glycoproteins and fatty acids. The adsorption rate at the saliva/air 

interface is roughly described by the surface tension decay with time. 

Several drops of different sizes were allowed to form and the decay of surface tension in 

relation to time was determined by plotting the surface tension against the time required for 

detachment. Measurements of whole saliva (1 ml) were carried out at room temperature. 

Surface tension measurements were performed between 8 a.m. and 7 p.m., depending on 

the time of examination of the respective individuals. 

Clinical  wettability  measurements 

The clinical adhesiveness of salivary films present on teeth and oral mucosa was assessed 

by an indirect technique measuring contact angles from photographs taken when clean 

liquids with calibrated surface tension values were allowed to interact with the surfaces [32]. 

The test liquids used were glycerol (surface tension value 64, 8 mN/m) and methylene iodide 

(surface tension value 49,8 mN/m). Droplets of these liquids were applied on labial, non-

restored surfaces of maxillary incisors, and on the inside of the upper lip mucosa, with a 

platinum wire (gauge 16). When the maxillary central incisors presented restorations, either 

  

9  
  

maxillary lateral incisors or mandibular central /lateral incisors were chosen as surfaces to 

apply the droplets. 

The participant was placed in the dental chair in a horizontal position between the light 

source and the optical equipment. Teeth were polished with pumice before baseline 

measurements. The upper lip mucosa was turned and positioned horizontally to hold the test 

liquid. The test liquid was delivered by a 16 gauge platinum wire and as soon as the liquid 

reached a mechanical equilibrium the drop was registered by a camera technique described 

by Glantz [33]. The equipment used was a digital single lens reflex camera (Finepix S5 Pro, 

Fujifilm, Japan) with Nikon AF-S Micro Nikkor (105 mm, 1:2,8G ED) lenses. 

Two recordings for each test liquid were performed at baseline. After baseline measurements 

a fresh salivary film was allowed to form on teeth and oral mucosa and the recordings were 

repeated after 5 min. Two drops of each liquid were successively recorded by taking 

photographs which provided equilibrium values to be registered both at baseline and after 5 

minutes. 

The contact angles were determined with the use of a graduated protractor on the resultant 

color images. 

Protein  analysis 

To determine the protein concentration in stimulated saliva samples, the Bio-Rad Quick Start 

Protein Assay (Bio-Rad laboratories Inc., Hercules, CA 94547 USA) was used according to 

the procedure described by the manufacturer (Standard Assay Protocol). The absorbance 

was measured at 595 nm in a spectrophotometer (BioTek™ELx800™ Microplate Reader, 

Fisher Scientific, Pittsburgh, PA 15275 USA). The standard used was bovine serum albumin 

(Bio-Rad). 

The sequence of the clinical protocol and the time points when measurements were carried 

out are presented in Table 1. 

The study was approved by the Ethics Committee for Human Experiments at the Faculty of 

Medicine, University of Lund (LU 212/651). All of the participants signed a written informed 

consent. 
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The contact angles were determined with the use of a graduated protractor on the resultant 
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Protein  analysis 

To determine the protein concentration in stimulated saliva samples, the Bio-Rad Quick Start 

Protein Assay (Bio-Rad laboratories Inc., Hercules, CA 94547 USA) was used according to 

the procedure described by the manufacturer (Standard Assay Protocol). The absorbance 

was measured at 595 nm in a spectrophotometer (BioTek™ELx800™ Microplate Reader, 
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out are presented in Table 1. 
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Results 

Participants 

The distribution of participants in each group according to the classification made 2004 - 

2006 is presented in Fig 2. Individuals included in this study were distributed in the different 

groups as follows: 

(1) No subjective or objective oral dryness: 8 participants (6 women and 2 men) 

(2) Objective oral dryness: 3 participants (1 woman and 2 men) 

(3) Subjective oral dryness: 4 participants (3 women and 1 man) 

(4) Subjective and objective oral dryness: 3 participants (3 women) 

Mean age of included subjects was 57 ± 13 years. 

  

Review  of  non-  participants    

From group 1 (no subjective or objective oral dryness) 10 women and 10 men were 

contacted. Four women and 8 men declined to participate due to lack of time.  

In the remaining three groups, the main reason for declining to participate was the reluctance 

to take time off from work. All individuals were contacted by telephone.  

Questionnaire 

Nine individuals answered “yes” to the question “Does your mouth usually feel dry?” at the 

time of examination. To the question “At what time does your mouth feel dry?” individuals 

reported that a sensation of dry mouth occurred at all hours. The participants were asked 

“How much saliva does there seem to be in your mouth?” (Response alternatives: too little, 

don’t notice it, too much). Four individuals replied that they had not noticed anything in 

particular regarding the amount of saliva, and five individuals reported having too little saliva. 

All individuals reported dryness of lips, tongue, teeth and buccal mucosa, although in varying 

degrees. 

Clinical  examination 

None of the participants reported medical disorders or intake of medications that are known 

to affect salivary gland function.  

Examination of mucosal surfaces with respect to texture and appearance did not reveal any 

pathological conditions among the participants. 
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Based on the answers found in the questionnaire and the sialometric values the participants 

were once again designated into the above mentioned groups. One participant (female) with 

no subjective or objective oral dryness in the previous study was now designated into the 

group with subjective oral dryness. One participant (male) with subjective oral dryness in the 

previous study was now designated into the group with subjective and objective oral dryness, 

one participant (male) previously with objective oral dryness was now designated into the 

group with subjective and objective oral dryness, and one participant (female) previously with 

subjective and objective oral dryness was designated into the group with subjective oral 

dryness.  

Individuals in the group with subjective oral dryness used the words “sandpaper”, “dry”, and 

“sticky” to describe the sensation in their mouths. They described their saliva as “sticky” and 

“absent”. 

Individuals with subjective and objective oral dryness used the words “burning”, “dry”, and 

“sticky” to describe the sensation in their mouths. They described their saliva as “viscous” 

and “absent”. 

Time of saliva collection is presented in Table 2. 

 

Multiple  attenuated  internal  reflection  spectroscopy  (MAIR)  

A representative spectrum of unstimulated human whole saliva is depicted in Fig 3. The 

Amide I (C=O stretch, 1653 cm-1), Amide II (N-H deformation, 1545 cm-1) and N-H stretch 

(3300 cm-1) peaks are specific for saliva at their respective wave numbers, and usually 

detected in proteinaceous material.  

In Table 3, average peak maxima and peak areas for the three main absorption bands are 

presented for the four groups. 

The area for Amide I+II and N-H is slightly smaller for the group with subjective oral dryness 

in comparison to the other groups. The absorption area for Amide I + II correlates with the 

values of the measured protein concentration of the saliva. The smaller area for N-H might 

indicate fewer hydrogen bonds between water and N-H groups when the saliva associates 

with a surface.  

Viscosity  and  elasticity 

The values of viscosity and elasticity, given in Table 4, were recorded at start and after 20 

min of continuous monitoring. The group with subjective oral dryness displayed the lowest 

average viscosity value of 1.60 mPa s and the lowest average value of elasticity of 0.015 Pa 
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at start. The same group displayed the lowest average values for viscosity and elasticity after 

20 min, 2.54 mPa s and 0.015 Pa respectively. 

The values for viscosity increase for all four groups between start and 1200 s. The values for 

elasticity are constant for group 1 and 3, while the values decrease for group 2 and 4 

between start and 1200 s. 

Surface  tension 

Values for surface tension, for each individual, are given in Table 5 at 30 s and 600 s. For all 

samples, the surface tension (liquid/air interface) of whole saliva is reduced after 600 s. The 

range of surface tension decrease is similar in groups 1 (0,2 -5.6 mN/m) and 3 (0,2-6,7 

mN/m, and group 4, which shows most narrow range of decrease in surface tension (0,7-3,4 

mN/m). In group 2, representing objective oral dryness, the range is the largest, with a 

decrease in surface tension between 2.9 -10 mN/m. 

Protein  content 

The protein content in stimulated whole saliva as well as the pH value of unstimulated and 

stimulated saliva is presented in Table 6. The groups with objective and subjective and 

objective oral dryness display slightly larger amounts of protein compared to the two other 

groups. 

No significant differences in pH for unstimulated and stimulated saliva are noted between the 

four groups. 

Clinical  wettability 

Contact angle values of the clean liquids for glycerol and methylene iodide, on tooth surfaces 

and oral mucosal surfaces at baseline and after 5 min are presented in Tables 7 and 8. Two 

photographs were taken of each liquid-surface interaction, i.e. four angles were recorded, at 

both baseline and after 5 minutes. Although the recordings were made when the liquid had 

stopped spreading over the surface, the smallest contact angle was chosen to represent a 

mechanical equilibrium.    

It can be noted that the wettability of the saliva coated tooth surfaces decreases for the polar 

liquid glycerol for the group with subjective oral dryness, indicating a less hydrophilic saliva 

coat. A decrease can also be seen for the group with objective oral dryness, but the 

decrease is not as marked as for the group with subjective oral dryness.   

The wettability of the saliva coated mucosal surfaces increases for the polar liquid glycerol in 

all groups indicating a more hydrophilic saliva coat. The group with objective oral dryness 

exhibits the greatest change.  
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Discussion 

Although many authors distinguish between xerostomia, denoting the subjective feeling and 

hyposalivation, denoting a decreased salivary flow rate, there is no global consensus 

regarding the terminology associated with oral dryness. This fact might explain the great 

variation on the reported prevalence, 10- 80%, of oral dryness in the literature. Another fact 

that might explain this variation in reported prevalence is the different and non-defined 

populations studied [11, 34-43].   

Recent literature defines dry mouth as the subjective feeling experienced by an individual, 

xerostomia, and salivary gland hypofunction, determined by sialometry and quantitative 

measurements [44]. In addition to the subjective feeling and the reduced fluid output, dry 

mouth also includes an altered composition, leading to qualitative changes of saliva [45]. 

These factors are most likely interrelated but can be observed independently.  

Individuals may not have objective signs or subjective complaints of dry mouth although 

having low unstimulated salivary flow rate or an altered composition as part of the variation in 

healthy population. This might be a result of the multifunctional properties that many salivary 

proteins display, as well as their overlapping functions leading to a built-in redundancy in 

saliva with regard to its protective functions [17]. In order to account for healthy population-

based variations, an altered saliva composition and hyposalivation must appear with either 

the subjective feeling of dry mouth or objective signs (i.e., sticky mucosa) [46].  

Regarding hyposalivation, the cut-off value for a very low unstimulated whole saliva flow rate 

has been reported to be ≤ 0.1 ml/min [11, 47]. Values between 0.1 and 0.2 ml/min have been 

suggested as low values, and values greater than 0.2 ml/min could be regarded as normal 

[11]. Presence of a circadian rhythm [48] as well as fasting has been reported to influence 

salivary flow rate [49]. 

Flink et al. [50] investigated unstimulated whole salivary flow rate at two time-points, 7.30 

and 11.30 a.m. Results showed that 70% of the individuals that had been allocated to the 

group with very low unstimulated whole saliva flow rate (≤ 0.1 ml/min) at 7.30 a.m. had 

exceeded this limit at 11.30 with 0.08-0.09 ml/min. An increase in the unstimulated whole 

saliva flow rate could also be seen in the groups with low unstimulated saliva flow rates (0.1-

0.2 ml/min) and normal rates (> 0.2 ml/min).  

In the present study, saliva collection was performed between 8 a.m. and 7 p.m. The 

distribution of the groups in relation to the time of saliva collection is presented in Table 1. 

The mean unstimulated salivary flow rate for the group with no subjective or objective oral 

dryness was 0.67 ml/min (range 0.41-0.94 ml/min) and for the group with subjective oral 

dryness 0.53 ml/min (range 0.34 ml/min- 0.99 ml/min). These values do not support the 
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variation on the reported prevalence, 10- 80%, of oral dryness in the literature. Another fact 

that might explain this variation in reported prevalence is the different and non-defined 

populations studied [11, 34-43].   

Recent literature defines dry mouth as the subjective feeling experienced by an individual, 

xerostomia, and salivary gland hypofunction, determined by sialometry and quantitative 

measurements [44]. In addition to the subjective feeling and the reduced fluid output, dry 

mouth also includes an altered composition, leading to qualitative changes of saliva [45]. 

These factors are most likely interrelated but can be observed independently.  

Individuals may not have objective signs or subjective complaints of dry mouth although 

having low unstimulated salivary flow rate or an altered composition as part of the variation in 

healthy population. This might be a result of the multifunctional properties that many salivary 

proteins display, as well as their overlapping functions leading to a built-in redundancy in 

saliva with regard to its protective functions [17]. In order to account for healthy population-

based variations, an altered saliva composition and hyposalivation must appear with either 

the subjective feeling of dry mouth or objective signs (i.e., sticky mucosa) [46].  

Regarding hyposalivation, the cut-off value for a very low unstimulated whole saliva flow rate 

has been reported to be ≤ 0.1 ml/min [11, 47]. Values between 0.1 and 0.2 ml/min have been 

suggested as low values, and values greater than 0.2 ml/min could be regarded as normal 

[11]. Presence of a circadian rhythm [48] as well as fasting has been reported to influence 

salivary flow rate [49]. 

Flink et al. [50] investigated unstimulated whole salivary flow rate at two time-points, 7.30 

and 11.30 a.m. Results showed that 70% of the individuals that had been allocated to the 

group with very low unstimulated whole saliva flow rate (≤ 0.1 ml/min) at 7.30 a.m. had 

exceeded this limit at 11.30 with 0.08-0.09 ml/min. An increase in the unstimulated whole 

saliva flow rate could also be seen in the groups with low unstimulated saliva flow rates (0.1-

0.2 ml/min) and normal rates (> 0.2 ml/min).  

In the present study, saliva collection was performed between 8 a.m. and 7 p.m. The 

distribution of the groups in relation to the time of saliva collection is presented in Table 1. 

The mean unstimulated salivary flow rate for the group with no subjective or objective oral 

dryness was 0.67 ml/min (range 0.41-0.94 ml/min) and for the group with subjective oral 

dryness 0.53 ml/min (range 0.34 ml/min- 0.99 ml/min). These values do not support the 
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hypothesis that an additional number of individuals with objective oral dryness (unstimulated 

saliva) would have been identified in these groups if saliva collection had been performed 

before 10 a.m.  

The viscosity is a measure of a fluid’s resistance to flow and the elasticity represents the 

degree of molecular structure in the fluid. The viscosity of whole saliva decreases upon 

increasing shear rate [51-53] and saliva can therefore be classified as a shear-thinning, non-

Newtonian fluid. The main reason for the shear thinning character of whole saliva is the 

presence of large glycoproteins, like mucins [54]. These findings are supported by different 

studies showing that the viscosity of parotid saliva, which does not contain mucins, is shear 

rate independent (Newtonian) with a viscosity slightly higher than water [53, 54]. 

In the present study, the values for viscosity decreases in the following order among the 

groups at 1200 s: objective oral dryness (2) > subjective and objective oral dryness (4) > no 

subjective or objective oral dryness (1) > subjective oral dryness (3). The corresponding 

decrease in elasticity is as follows: objective oral dryness (2) > no subjective or objective oral 

dryness (1) > subjective and objective oral dryness > subjective oral dryness (3). The protein 

content decreases in the following order among groups: subjective and objective oral 

dryness > objective oral dryness > subjective oral dryness > no subjective or objective oral 

dryness. Individuals with subjective oral dryness and individuals with no subjective or 

objective oral dryness are not significantly different in this aspect. The group that reports 

subjective oral dryness has lower values for viscosity and elasticity compared to the other 

groups, which could be interpreted as lower amounts of proteins and lower resistance to 

decomposition. However, it has been suggested that patients with dry mouth do not display 

reduced mucin concentration in unstimulated whole saliva but that the structure through 

molecular interaction, i.e. the glycosylation, is altered [46]. 

The group with subjective oral dryness displays slightly smaller areas for Amide I+II and N-H 

in comparison to the other groups. The smaller area for Amide I+II might imply less amount 

of protein indicated by less absorption at the respective wavenumbers, and this is in 

accordance with the results for protein content and viscosity values. The slightly smaller area 

for N-H stretch (3315 cm-1) could also indicate fewer hydrogen bonds between water and  

N-H groups. Formation of hydrogen bonds can occur between water and C=O and N-H 

groups of the protein backbone. Bonded OH groups absorb between 3600 and 2900 cm-1 

depending on the strength and pattern of hydrogen bonding [55-57]. One can speculate if the 

smaller N-H area could be a result of a lower mucin concentration or/and reduced water 

retention and less hydrated mucins. The reduced water retention could also partially explain 

the “dry” sensation expressed by the individuals in the group with subjective oral dryness. 

Interestingly, the group with both subjective and objective oral dryness display, in 
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comparison to the other groups, the highest protein content, the greatest areas for N-H and 

Amide I+II, the second highest value of viscosity, and the second lowest value of elasticity. 

The conclusion that could be drawn from these data is that these individuals have saliva with 

a high content of proteins but weaker bonds between proteins, which could affect the film-

forming properties. This group used the words “burning”, “dry”, and “sticky” to describe the 

sensation in their mouths, and the words “viscous” and “absent” to describe their saliva. It 

could be hypothesized that the burning and dry sensation could be a result of a salivary film 

that is more easily disrupted due to lower elasticity values. 

 

Clinical wettability measurements were performed with two clean liquids, glycerol (polar) and 

methylene iodide (non-polar). The measured contact angle of a liquid on a substrate is an 

indirect indication of its wettability, i.e. the smaller the angle, the greater the wettability. The 

free surface energy of a solid (g) possesses two components: one is polar (gAB) and involves 

the polar interactions, often called non-dispersive forces, and refers to hydrophilic 

interactions. The other component (gLW) is non-polar and refers to van der Waals forces, 

often called dispersive forces, and gives information mainly on hydrophobic interactions. The 

change in surface wettability can be better described using both polar and non-polar test 

liquids placed on surfaces prior and after surface alteration.  

Of interest is also the ratio between protein (Amide I/Amide II) and carbohydrate, when 

considering the mucin content and retention of water. Peaks for carbohydrate are seen in the 

region of 1065 cm-1. The bigger the carbohydrate peaks, in relation to the protein peaks, the 

more lubricous is the polymer. This should reflect lower values for glycerol and methylene 

iodide contact angles. Such a relationship could not be established when analyzing the 

contact angle data. This outcome might be due to the number of participants but also to the 

difference in oral dryness that cannot be explained by the bound fraction to surfaces alone, 

but maybe by their persistence, i.e., binding strength. 

The individuals were asked to describe both the amount of saliva and the sensation of saliva 

at the examination, and in the individuals in the group with subjective oral dryness used the 

words “sandpaper”, “dry”, and “sticky” to describe the sensation in their mouths. They 

described their saliva as “sticky” and “absent”. These descriptions of the saliva and the oral 

sensation matches partly with the results of the saliva measurements found in this group. 

The low values of viscosity, elasticity and the relative low amount of adsorbed protein, 

indicates a deficiency in the saliva film- forming capacity with a possible impact on the 

protective function of saliva.  
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Of the methods utilized in the present study, no single technique in itself is descriptive of all 

the events taking place in salivary films on the molecular level. However, for individuals 

expressing subjective oral dryness, the lowest values of both viscosity and elasticity were 

detected, compared to the other groups tested. The amount of protein associated to a 

germanium prism was the lowest measured as Amide I+II absorption area even if the total 

protein concentration was moderate in the group. This in combination with a moderate 

decrease in surface tension after 600 s may be indicative of a lower film forming capacity of 

saliva from individuals expressing subjective oral dryness. The protective functions of saliva 

are related to molecular composition of saliva secretions and expressed both through the 

composition and quantity of the bulk phase of saliva and the surface associated salivary film 

capacities. Today no standardized tests of saliva functions is utilized in the clinic, neither for 

providing base line data nor for discriminating patients that may be at risk to develop 

deficiency in the protective functions of saliva.  

In this study, individuals with normal salivary flow rate who express clear discomfort have 

been categorized as individuals with subjective oral dryness, specific functional 

measurements of saliva have been identified as eventual markers for the dysfunctional state.  

The results from this study indicates that the film-forming capacity of saliva can be described in 

terms of the degree of surface association of salivary molecules and the ability of the film to 

spread in combination with the stability of the salivary film.  

Considering oral dryness as a complex dynamic condition involving quantitative and 

qualitative changes of saliva composition, leading to discomfort and detrimental 

consequences to the oral health, there is a need for multiple validated diagnostic tests that 

will be able at an early stage discriminate the range of salivary dysfunctions.  

Furthermore, there is an urgent need for the research and clinical community to decide on 

standard saliva collection procedures and need for evidence based diagnostic procedures. 
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FIGURES 

 

Fig 1. Participation rate and distribution of individuals into the different groups based on 

subjective reports and sialometric values 2004-2006. 
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Fig 2. Participation rate 2015 based on the subjective reports and sialometric values 2004-

2006. 
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Fig 3. 

MAIR infrared spectroscopy of human whole saliva. 
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Fig 3. 

MAIR infrared spectroscopy of human whole saliva. 
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Tables 

Table 1. 

Sequence of the clinical protocol, measurements, and time points of measurements. 

Sequence Measurements Time when measurements 

were performed 

1. Questionnaire   

2. Clinical examination   

3. Expectoration 

unstimulated whole saliva  

Surface tension 

Dynamic rheology 

5 min after expectoration 

4. Placement of germanium 

prism intraorally 

Multiple attenuated internal 

reflection spectroscopy 

15 min after the prism had 

air dried 

5. Clinical wettability 

measurements 

  

6. Expectoration stimulated 

whole saliva 
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Table 2.  

Distribution of participants with respect to time of saliva collection and subjective and/or 
objective oral dryness 
 

   8-10 a.m. 10-12 a.m. 1-3 p.m. 3-5 p.m. 5-7 p.m. 
No subjective or 
objective  oral 
dryness (n=7) 

1 2 2 1 1 

Objective oral 
dryness (n=2) 

   1 1 

Subjective oral 
dryness (n=5) 

 1 4   

Subjective and 
objective  oral 
dryness (n=4) 

   2 2 
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Table 3.  

Peak maximas for the three main absorption bands N-H, Amide I and Amide II (cm-1) and 

calculated areas for N-H, Amide I and Amide II. 

 

   N-‐H  
cm-‐1  

Area  N-‐H  
  

Amide  I  
cm-‐1  

Amide  II  
cm-‐1  

Area  Amide  I+Amide  II  
  

No  subjective  
or  objective    
oral  dryness  
(n=7)  

3315   Mean  7.08  
Range  0.86-‐  
17.40  
  

Mean  1648  
Range  1643-‐  
1653  

Mean  1545  
Range  1537-‐  
1548  

Mean  2.42        
Range  0.30-‐6.84  
  

Objective  oral  
dryness  (n=2)  

3315   Mean  10.0  
Range  6.56-‐  
13.41  
  

Mean  1648  
Range  1648-‐  
1648  

Mean  1542  
Range  1537-‐  
1546  

Mean  3.89          
Range  2.90-‐4.87  
  

Subjective  oral  
dryness  (n=5)  

3315   Mean  3.46  
Range  0-‐  
7.71  
  

Mean  1651  
Range  1648-‐  
1657  

Mean  1544  
Range  1541-‐  
1548  

Mean  1.92                
Range  0-‐3.67  
  

Subjective  and  
objective    oral  
dryness  (n=4)  

3315   Mean  11.09  
Range  5.66-‐  
19.94  
  

Mean  1650  
Range  1648-‐  
1652  

Mean  1543  
Range  1537-‐  
1546  

Mean  3.91        
Range  0-‐9.57  
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Table 4.  

Values for viscosity (mPa s) and elasticity (Pa) at start and 1200 s. 

Group   Viscosity    
Start  

Elasticity    
Start  

Viscosity    
1200  s  

Elasticity    
1200  s  

No  
subjective  or  
objective    
oral  dryness  
(n=7)  

Mean  2.44          
Range  1.20-‐4.40  
  

Mean  0.030        
Range  0.00746-‐
0.05857  
  

Mean  3.56            
Range  1.60-‐  
6.90  
  

Mean  0.030                
Range  0.00746-‐  
0.04482  
  

Objective  
oral  dryness  
(n=2)  

Mean  6.85          
Range  2.40-‐
11.30  
  

Mean  0.062  
Range  0.03325-‐  
0.09105  
  

Mean  8.90      
Range  3.60-‐
14.20  
  

Mean  0.047  
Range  0.03143-‐  
0.06291  
  

Subjective  
oral  dryness  
(n=5)  

Mean1.60        
Range  1.30-‐  
1.90  
  

Mean  0.015  
Range  0.01016-‐  
0.01962  
  

Mean  2.54        
Range  1.70-‐  
2.90  
  

Mean  0.015  
Range  0.00922-‐  
0.01757  
  

Subjective  
and  
objective    
oral  dryness  
(n=4)  

Mean  3.75          
Range  1.40-‐  
6.00  
  

Mean  0.031  
Range  0.02532-‐  
0.03501  
  

Mean  4.08      
Range  1.90-‐  
6.50  
  

Mean  0.022  
Range  0.01339-‐  
0.02667  
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Table 5.  

Surface tension (mN/m) at 30 s and 600 s.  
Numbers denoting group (1- no subjective or objective oral dryness, 2 objective oral dryness, 
3- subjective oral dryness, 4- subjective and objective oral dryness) and included individual -
1,-2 etc. in each group.  

 

   30  s   600  s   Diff.  30s-‐600s  
1-‐1   63.7   63.5   -‐0.2  
1-‐2   58.1   55.7   -‐2.4  
1-‐3   62.4   60.8   -‐1.6  
1-‐4   62.3   59.5   -‐2.8  
1-‐5   47.9   46.5   -‐1.4  
1-‐6   62.3   57.9   -‐4.4  
1-‐7   61.9   56.3   -‐5.6  
2-‐1   60.1   57.2   -‐2.9  
2-‐2   59.5   49.4   -‐10.1  
3-‐1   54.0   51.7   -‐2.3  
3-‐2   58.7   55.8   -‐2.9  
3-‐3   56.4   52.4   -‐4.0  
3-‐4   63.2   63.0   -‐0.2  
3-‐5   63.7   57.0   -‐6.7  
4-‐1   59.0   55.6   -‐3.4  
4-‐2   62.7   59.9   -‐2.8  
4-‐3   52.1   51.4   -‐0.7  
4-‐4   56.6   53.9   -‐2.7  
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Table 6.  

Protein content (mg/ml) and pH. 

 Protein content 
(mg/ml) 

pH  

unstimulated saliva 

pH  

stimulated saliva 

No subjective or 
objective  oral 
dryness (n=7) 

Mean 0.61    

Range 0.44- 0.98 

 

Mean 7.09 

Range 7.00-7.40 

Mean 7.46 

Range 7.20- 7.80 

Objective oral 
dryness (n=2) 

Mean 1.01    

Range 0.84 -1.18 

 

Mean  7.00 

Range 7.00- 7.00 

Mean 7.50 

Range 7.40- 7.60 

Subjective oral 
dryness (n=5) 

Mean 0.70      

Range 0.50-0.83 

 

Mean 7.02 

Range 6.80- 7.20 

Mean 7.44 

Range 7.00- 7.60 

Subjective and 
objective  oral 
dryness (n=4) 

Mean 1.26    

Range 0.55-2.34 

 

Mean 7.10 

Range 7.00- 7.20 

Mean 7.45 

Range 7.20- 7.60 
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Table 8.  

Contact angle  for glycerol (G) and methylene iodide (M) on oral mucosa at baseline and 5 
min. Numbers denoting group (1- no subjective or objective oral dryness, 2 objective oral 
dryness, 3- subjective oral dryness, 4- subjective and objective oral dryness) and included 
individual -1,-2 etc. in each group.  

  

  

   Contact  angle    oral  
mucosa  baseline  (G)  

Contact  angle  
oral  mucosa  5  
min    (G)  

Contact  angle  
oral  mucosa  
baseline  (M)  

Contact  angle  
oral  mucosa  5  
min    (M)  

1-‐1   40   ˂10   38   54  
1-‐2   36   38   35   25  
1-‐3   56   57   43   35  
1-‐4   48   36   64   83  
1-‐5   42   ˂10   44   37  
1-‐6   26   59   42   48  
1-‐7   35   50   40   50  
2-‐1   37   33   50   ˂10  
2-‐2   48   ˂10   77   50  
3-‐1   31   42   31   ˂10  
3-‐2   48   ˂10   47   45  
3-‐3   48   53   57   45  
3-‐4   57   55   49   50  
3-‐5   41   40   33   36  
4-‐1   55   60   0   38  
4-‐2   62   0   51   42  
4-‐3   70   48   48   53  
4-‐4   54   63   62   52  
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Table 7.  

Contact angles for glycerol (G) and methylene iodide (M) on tooth at baseline and 5 min. 
Numbers denoting group (1- no subjective or objective oral dryness, 2 objective oral dryness, 
3- subjective oral dryness, 4- subjective and objective oral dryness) and included individual -
1,-2 etc. in each group.  

  

   Contact  angle  
tooth  baseline  (G)  

Contact  angle      
tooth    5  min  (G)  

Contact  angle  tooth    
baseline  (M)  

Contact  angle    tooth    
5  min  (M)  

1-‐1   68   ˂  10                                                                                    57   45  
1-‐2   25   28   30   40  
1-‐3   30   65   41   38  
1-‐4   26   25   53   48  
1-‐5   63   ˂  10                                                                                                                                                                                                      43   43  
1-‐6   60   60   60   51  
1-‐7   55   55   44   49  
2-‐1   56   56   50   40  
2-‐2   66   70   70   52  
3-‐1   36   24   37   29  
3-‐2   56   54   57   55  
3-‐3   34   61   38   54  
3-‐4   35   54   36   38  
3-‐5   ˂  10                                                                                                                                                                                                      54   41   43  
4-‐1   55   56   43   34  
4-‐2   44   0   30   36  
4-‐3   37   ˂  10                                                                                                                                                                                                              43   37  
4-‐4   71   63   72   52  
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Table 8.  

Contact angle  for glycerol (G) and methylene iodide (M) on oral mucosa at baseline and 5 
min. Numbers denoting group (1- no subjective or objective oral dryness, 2 objective oral 
dryness, 3- subjective oral dryness, 4- subjective and objective oral dryness) and included 
individual -1,-2 etc. in each group.  

  

  

   Contact  angle    oral  
mucosa  baseline  (G)  

Contact  angle  
oral  mucosa  5  
min    (G)  

Contact  angle  
oral  mucosa  
baseline  (M)  

Contact  angle  
oral  mucosa  5  
min    (M)  

1-‐1   40   ˂10   38   54  
1-‐2   36   38   35   25  
1-‐3   56   57   43   35  
1-‐4   48   36   64   83  
1-‐5   42   ˂10   44   37  
1-‐6   26   59   42   48  
1-‐7   35   50   40   50  
2-‐1   37   33   50   ˂10  
2-‐2   48   ˂10   77   50  
3-‐1   31   42   31   ˂10  
3-‐2   48   ˂10   47   45  
3-‐3   48   53   57   45  
3-‐4   57   55   49   50  
3-‐5   41   40   33   36  
4-‐1   55   60   0   38  
4-‐2   62   0   51   42  
4-‐3   70   48   48   53  
4-‐4   54   63   62   52  
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