
Abstract
Background. Multiple sclerosis (MS) is a  chronic autoimmune disease of  the central nervous system. 
The MS patients may display biochemical changes in their cerebrospinal fluid, peripheral blood and saliva. 
Since the salivary profile plays a critical role in maintaining oral health and function, the analysis of saliva 
in the MS patients would be beneficial to prevent oral diseases, such as dental caries.

Objectives. The aim of this study was to evaluate the dental status and salivary profile of the MS patients.

Material and methods. The study involved 25 MS patients and 25 healthy controls who were examined 
with regard to the calcium and phosphorus level, pH and flow rate of saliva as well as the decayed, missing  
and filled teeth (DMFT) index for permanent first molars. Student’s t-test, the χ2 test and the Mann–Whitney  
test were utilized to compare the study groups.

Results. Significantly lower salivary flow rates were observed in the MS patients as compared to the con-
trols. The salivary calcium and phosphorus levels were significantly higher in the case group during the first 
6 years of the disease and 6–11 years after the onset of the disease, respectively, in comparison with the 
controls; however, there was no significant difference between the groups in terms of pH. The DMFT index 
for permanent first molars was higher in the MS patients than in the healthy controls, but not significantly. 
The number of carious and missing permanent first molars was significantly higher in the MS patients.

Conclusions. Multiple sclerosis appears to significantly change the salivary profile and dental status of the 
patients.
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Introduction 
Multiple sclerosis (MS) is a chronic autoimmune inflam-

matory demyelinating disease which affects the central ner-
vous system. It is prevalent all around the world, with low-
rate prevalence in Eastern Asia and sub-Saharan Africa,  
and higher levels in North America and Europe.1 The on-
set is mostly between the age of  20 and 40  years (range: 
10–60 years), with a female predilection (a female-to-male 
ratio of  1.4).2 The main environmental-related risk fac-
tor for MS is, apart from genetics, the Epstein–Barr virus 
infection, especially if it occurs during adulthood and is 
symptomatic. Previous studies have shown that smoking as 
well as the calcium and vitamin D deficiencies can be iden-
tified as risk factors for MS, but the role of stress, traumatic 
events, vaccines, and allergies have not yet been clarified.1,3 
The MS patients may display biochemical abnormalities in 
their cerebrospinal fluid, peripheral blood and saliva.3 The 
physical and chemical properties of saliva play a key role in 
maintaining the health and functioning of the oral cavity. 
Recent studies show that there is a meaningful relationship 
between oral lesions and the salivary electrolytes, flow rate 
and pH.3 There is limited information about the salivary 
profile and orodental status of patients with MS.4 In addi-
tion to the main symptoms of the disease, spasms, fatigue, 
tremor, depression, and progressive disability impact the 
individual’s ability to maintain oral health, cope with dental 
treatment and access dental services. Furthermore, many 
of the medications used to manage the disease and its re-
lated problems, such as psychological disorders, reported 
in about half of all patients, are potentially capable of caus-
ing xerostomia and associated oral abnormalities.5,6

The main aim of this study was to evaluate the salivary 
profile and dental status of the MS patients as compared 
to the healthy controls. In addition, all salivary and dental 
variables were compared among the MS patients in 3 sub-
groups according to disease duration.

Material and methods

Patient selection 

In this descriptive study, 25 MS patients (the case group) 
and 25 age- and sex-matched healthy controls (the con-
trol group) with a mean age of 35.74 ±9.45 years (range:  
12–54 years), and 18 females (72%) and 7 males (28%) in 
each of  the groups were studied with regard to the sali-
vary calcium, phosphorus, pH, and flow rate as well as 
the  decayed, missing and filled teeth (DMFT) index for 
permanent first molars. The case group was recruited 
from among patients at the Neurology Department 
of  Sina Hospital in Tehran, Iran, and the control group 
was selected from the hospital staff or patient compa-
nions from July to December, 2017. The exclusion criteria 
for the case group were pregnancy, alcohol dependency  

and oral lesions. Since almost all MS patients use supple-
mental drugs, this item was not considered an exclusion 
criterion in this group. The same criteria were applied to 
the control group, but those with a history of medication 
intake or use of  supplements in the previous 6 months 
were excluded from this group. In addition, tooth brush-
ing at least once a day was an inclusion criterion for both 
groups. Participants were informed of the aim of the study, 
and written consent was obtained from all participants.

This article was extracted from one of the author’s (H.M.) 
general dentistry dissertation, registered in 2017. The refe-
rence number confirming the consent of the local bioethics 
commission (School of Dentistry of Shahid Beheshti Uni-
versity of Medical Sciences in Tehran, Iran) is 0310/303.

Salivary collection, flow rate and pH 

Unstimulated whole saliva was collected from both 
groups according to the method described by Navazesh 
and Kumar.7 The participants were asked to refrain from 
drinking, eating, smoking, and tooth brushing for about 
2 h before sampling. One minute after rinsing their mouths 
with tap water, the participants were asked to swallow all 
their oral fluid, and then expectorate 5 mL of their whole 
saliva into a plastic tube. The saliva samples were collected 
between 10 and 12 am. The samples were centrifuged at 
3,800 g for 10 min, and then stored at −70°C for later analy-
sis. The salivary flow rate was measured in mL/min and the 
salivary pH was determined by means of an electronic pH-
meter (pH600; Milwaukee Instruments, Szeged, Hungary).

Calcium and phosphorus detection 

The salivary calcium and phosphorus levels were deter-
mined using commercially available kits (Darman Faraz 
Kave Co., Isfahan, Iran and Pars Azmoon Co., Karaj, Iran, 
respectively) for a spectrophotometric assay. Since Khan 
demonstrated that the DMFT index for permanent first 
molars can serve as an indicator of dental caries,8 we used 
it to evaluate the dental status of  both study groups. In 
this index, D stands for untreated decayed teeth, M in-
dicates missing teeth and F stands for filled teeth; full-
coverage crowns and pontics in dental bridges are consi-
dered as F and M, respectively.9 In addition, the members 
of the case group were divided into 3 subgroups according 
to their disease duration as follows: <6 years; 6–11 years; 
and >11  years, and the study variables were compared 
among them.

Statistical analysis 

The data was analyzed using PASW Statistics for Win-
dows, v. 18 (SPSS Inc., Chicago, USA). Student’s t-test,  
the χ2 test and the Mann–Whitney test were utilized to 
compare the study groups, and p-values <0.05 were con-
sidered statistically significant.
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Results
In total, 50 individuals were studied with a  mean age 

of  35.74 ±9.45  years (range: 12–54  years). There was 
no significant difference in the mean age of  the case 
group (35.80 ±9.58  years) and the control group (35.68 
±9.51 years). Out of 25 individuals in each group, 18 (72%) 
were females and 7 (28%) males. In the case group, the du-
ration of the disease varied from 21 days to 18 years, with 
a mean duration of 7.72 ±4.48 years. The saliva analysis 
showed a significantly lower flow rate in the MS patients 
than in the controls (p < 0.001) (Table 1). There was no 
significant difference between the 2 groups in terms of pH 
(p = 0.138). The salivary calcium and phosphorus levels 
were significantly higher in the case group than in the 
controls (p = 0.011 and p = 0.020, respectively) (Table 1). 
With regard to the dental status, the DMFT index scores 
for permanent first molars were higher among the MS pa-
tients than in the healthy controls, but this difference was 
not statistically significant (p  =  0.452). However, except 
for the filled teeth, the number of  carious and missing 
permanent first molars was significantly higher in the case 
group than in the control group (p = 0.038 and p = 0.019, 
respectively) (Table 1). As shown in Table 2, the salivary 
calcium and phosphorus levels were significantly higher 
in the MS patients than in the healthy controls during the 
first 6 years of the disease (p = 0.016) and 6–11 years after 
the onset of the disease (p = 0.019), respectively. The sali-
vary flow rate was significantly lower in the MS patients 
than in the controls during the entire course of  the dis-
ease (Table 2). In addition, the duration of the disease was 
not associated with any significant differences in terms 
of dental status parameters (p > 0.05) (Table 3).

Discussion
Multiple sclerosis is the most common cause of neu-

rological disability in young people and it is most 
frequently observed in the 2nd–4th decades of  life.1–3  
In the present study, the mean age of  the MS patients was  35.80 ±9.58 years, which is consistent with recent reports 

by Etemadifar et al.10 According to Hernán et al., a high-
er risk of MS has been reported among individuals with 
a  history of  oc-currence of  measles and other common 
childhood diseases during adolescence.11 Multiple sclero-
sis can be found at any age, but it is referred to as ‘early-
onset MS’ when the first presentation of  clinical symp-
toms occurs before the age of 21, whereas ‘late-onset MS’ 
refers to cases in which the first presentation of clinical 
symptoms occurs after the age of 50 years.12

In this study, more than 70% of the MS patients were fe-
males, which is comparable to previous studies conducted 
in Iran and other countries.1,2,10,13 It is believed that there 
are genetic mechanisms for sex differences in MS. The 
epigenetic modifications of DNA may be caused by hor-
monal or environmental stimuli, which differ between 

Table 1. Salivary parameters and the decayed, missing and filled teeth 
(DMFT) index

Variable Case group Control group p-value

Flow rate [mL/min] 0.47 ±0.35 1.17 ±0.74 <0.001

pH 6.66 ±0.60 6.42 ±0.51 0.138

Calcium [mmol/L] 1.46 ±0.90 0.94 ±0.26 0.011

Phosphorus [mmol/L] 3.93 ±1.26 3.01 ±0.55 0.020

DMFT (n) 2.64 ±1.43 2.16 ±1.31 0.452

D (n) 0.56 ±0.76 0.16 ±0.37 0.038

M (n) 1.12 ±1.26 0.20 ±0.50 0.019

F (n) 0.96 ±1.20 1.80 ±1.32 0.147

Data presented as mean ± standard deviation (SD).

Table 2. Salivary parameters in the case subgroups with different disease 
duration and in the controls

Variable
Case subgroups  

(according to disease duration) Control 
group

<6 years 6–11 years >11 years

Flow rate 
[mL/min]

mean ±SD 0.44 ±0.31 0.48 ±0.41 0.48 ±0.38
1.17 ±0.74

p-value 0.010 0.020 0.010

pH
mean ±SD 6.81 ±0.53 6.43 ±0.77 6.72 ±0.50

6.42 ±0.51
p-value 0.242 1.000 0.419

Calcium 
[mmol/L]

mean ±SD 1.73 ±0.85 1.36 ±0.94 1.31 ±0.96
0.94 ±0.26

p-value 0.016 0.330 0.399

Phosphorus 
[mmol/L]

mean ±SD 3.85 ±1.25 4.16 ±1.29 3.78 ±1.38
3.01 ±0.55

p-value 0.110 0.019 0.138

Table 3. The DMFT index scores in the case subgroups with different disease 
duration and in the controls

Variable Group Mean ±SD  Median 
(P50)

IQR  
(P25–P75) p-value

DMFT 
for first 
molars (n)

control 2.16 ±1.31 2.00 1.00–3.00 –

<6 years 3.00 ±0.92 3.00 2.00–4.00

0.4576–11 years 2.13 ±1.45 2.50 0.50–2.50

>11 years 2.44 ±1.59 3.00 1.00–4.00

D (n)

control 0.16 ±0.37 0.00 0.00–0.00 –

<6 years 1.00 ±0.92 1.00 0.00–2.00 0.075

6–11 years 0.25 ±0.46 0.00 0.00–0.75 1.000

>11 years 0.44 ±0.72 0.00 0.00–1.00 1.000

M (n)

control 0.20 ±0.50 0.00 0.00–0.00 –

<6 years 1.00 ±1.06 1.00 0.00–2.00 0.294

6–11 years 1.00 ±1.19 0.50 0.00–2.00 0.321

>11 years 1.33 ±1.58 1.00 0.00–2.50 0.057

F (n)

control 1.81 ±0.32 2.00 0.50–2.00 –

<6 years 1.12 ±1.45 0.50 0.00–2.00

0.1476–11 years 1.00 ±1.41 0.00 0.00–2.75

>11 years 0.77 ±0.83 1.00 0.00–1.50

IQR – interquartile range.
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and physical inactivity are major factors for osteoporosis 
in MS. Medications such as glucocorticoids and anticon-
vulsants may be additional factors leading to a lower bone 
density in this group of patients. The same findings were 
also reported by Kampman et al.23 In addition, chronic  
secondary hyperparathyroidism in the MS patients stimu-
lates renal calcium reabsorption and bone resorption to 
elevate the blood calcium levels.24 According to Kubicka-
Baczyk et al., the MS patients had a significantly higher 
level of serum parathormone than the controls.25 In their 
study, daily urine calcium excretion was lower in the pa-
tients than in the healthy controls; the serum phospho-
rus, calcium and alkaline phosphatase levels were higher 
in the patients than in the controls, but these differences 
were not statistically significant.25 In contrast to all the 
aforementioned studies, Chałas found that the calcium 
levels in the saliva of  the MS patients were significantly 
lower than in the healthy controls.3 This difference may 
be related to different patient characteristics, such as the 
duration of  the disease, the type of  medications taken, 
study sample size, the methods of calcium detection, and 
different inclusion and exclusion criteria according to 
the study design. Furthermore, Mohammad Shirazi et al.  
showed that a  daily intake of  phosphorus, potassium, 
manganese, and copper in Iranian MS patients was higher 
than the standard recommended amounts.26

In terms of  the dental status, the DMFT index scores 
did not differ significantly between the patients with MS 
and the healthy controls. However, the number of  de-
cayed and missing teeth was significantly higher in the 
patients than in the healthy controls. The same findings 
were also reported by Santa Eulalia-Troisfontaines et al.  
and Kovac et al.4,27 As in this study, Kovac et al. found that 
the number of  decayed and missing teeth was higher, but 
the number of filled teeth was significantly lower in the MS 
patients than in the controls.27 In contrast, McGrother et al.  
found significantly higher DMFT index scores in the MS 
patients as compared to the healthy controls, and the 
number of filled and missing teeth was also higher in the 
patients than in the controls.28

In a  recent study by Hatipoglu et al., the relationship 
between the different disability states of the MS patients, 
as determined by the expanded disability status scale, and 
dental-periodontal measures was evaluated.29 Those au-
thors found that patients with greater physical disabilities 
had higher numbers of missing teeth, higher plaque and 
gingival indices, and higher periodontal probing depth 
scores than patients with lesser physical disabilities.29 
According to the aforementioned studies, it seems that 
patients with MS mostly prefer to extract their decayed 
teeth rather than to restore them. 

Multiple sclerosis is a prime example of systemic diseases 
requiring multidisciplinary care. The MS care units usually 
include a  variety of  medical specialists, such as neurolo-
gists, physical therapists, speech therapists, psychologists, 
social workers, nurses, and – recently – lawyers. However, 

males and females. Males and females might have differ-
ent responses to the same environmental stimuli, such as 
sun exposure and vitamin D supplements. Accordingly, 
higher levels of vitamin D decrease the incidence of MS 
more in females than in males. It has also been noted 
that the X chromosome may play a direct role in autoim-
munity; therefore, the presence of 2 X chromosomes in-
creases susceptibility to autoimmune encephalomyelitis. 
Furthermore, the X chromosome inactivation in females 
may be skewed, resulting in the over-expression of  MS 
susceptibility genes in women. On the other hand, male 
sex hormones, such as testosterone, have a protective role 
in autoimmunity.

Our results show that the MS patients had a significant-
ly lower salivary flow rate than the healthy controls. Simi-
larly, in their 2 recent studies, Cockburn et al. demon-
strated that xerostomia was the most common side effect 
of the medications used to treat MS and related problems, 
which is followed by dysgeusia, dysphagia, oral ulcers, and 
sinusitis.14,15 Further, Sandberg-Wollheim et al. concluded 
that MS and primary Sjögren’s syndrome might coexist in 
the same individual.16 In accordance with this hypothe-
sis, Miró et al. and de Seze et al. reported respectively  
that 3.1% and 16.6% of  the MS patients had the clinical 
evidence of  Sjögren’s syndrome.17,18 However, the rela-
tionship between MS and primary Sjögren’s syndrome is 
ambiguous, and primary Sjögren’s syndrome is not more 
common among the MS patients than expected in the 
general population.16,17

In the present study, there was no significant difference 
between the MS patients and the controls in terms of the 
salivary pH. We did not find a  similar study in this re-
gard in the literature to compare our findings with. Nor-
mal saliva pH ranges from 6.2 to 7.6, with a mean of 6.7. 
The resting pH of the mouth does not usually fall below 
6.3 and pH in the oral cavity is normally maintained near 
neutrality (6.7–7.3) by the buffering capacity of saliva.19

The salivary calcium and phosphorus levels in our study 
were found to be significantly higher in the MS patients 
than in the controls. There is limited information in the 
literature about the alterations of these factors in the sali-
vary samples of the MS patients in comparison with blood 
samples. In a case report, Marcus et al. described severe 
hypercalcemia following vitamin D supplementation in 
a patient with MS.20 It is common practice to prescribe 
high-dose cholecalciferol for the MS patients because 
of its possible role in immunomodulation and relapse rate 
reduction. However, cholecalciferol may increase serum 
calcium, and there seems to be an additive effect in pa-
tients who simultaneously use calcium supplements as 
well. An elevated level of salivary calcium may be related 
to a greater degree of bone loss and a lower mineral den-
sity of bones, as bone loss can cause the release of calcium 
into blood, and then saliva.21 Gupta et al. concluded that 
MS was associated with increased osteoporosis.22 A  re-
duced mechanical load on the bones (offsetting gravity) 
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there are few reports in the literature on dental care as 
part of  the interdisciplinary therapy for the MS patients. 
Fragoso et al. found that the MS patients had very poor oral 
hygiene, and also pointed out that despite recommenda-
tions for an interdisciplinary approach for the MS patients, 
dentists are not usually included in this professional health 
group.30 Therefore, oral pathologies in these patients often 
remain undetected, underassessed or overlooked.

Conclusions
The present study found that due to the quality and 

quantity of  changes in the saliva of  patients with MS, 
the dental caries and loss of permanent first molars were 
more frequent in the MS patients.
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