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Abstract

Objectives Recurrent aphthous stomatitis (RAS) is the most
common oral mucosal disease. Despite plenty of studies on
actiopathogenesis of RAS, a definite cause is not clear. The
objective of this study was to determine the potential
changes of salivary IgA and salivary flow rate in patients
affected with minor form of RAS.

Materials and methods Levels of salivary IgA in 33 patients
with acute RAS (minor form) and 33 matched healthy con-
trols were determined using enzyme-linked immunosorbent
assay. Resting salivary flow rates were determined too. Both
measurements, levels of salivary IgA and resting salivary
flow rate, were performed again for each RAS patient in
remission phase.

Results Levels of salivary IgA were significantly increased
in acute phase of RAS [median (interquartile range)—
124.94 pg/mL (106.22-136.31)] in comparison with the
levels in healthy controls [88.92 ug/mL (76.85-93.91; P<
0.001)] and with the levels in remission phase [102.4 pg/mL
(84.6-120.16; P=0.01)]. Even in the disease-free period
(remission phase), levels of salivary IgA remained signifi-
cantly higher in comparison with the levels in healthy con-
trols (P=0.01). Salivary flow rates, on the other side, were
not influenced by the disease state (RAS vs. healthy), phase
(acute vs. remission) or even gender (males vs. females).
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Conclusion Marked increase of salivary IgA in acute and
remission phases of the minor RAS may suggest a potential
role for this immunoglobulin in pathogenesis of the disease.
Clinical relevance Salivary IgA may be an important actio-
logical agent in the pathogenesis of RAS, and hence, its
immunomodulation may help prevent the disease.
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Introduction

Recurrent aphthous stomatitis (RAS) is the most common
oral mucosal disease. It is characterized by recurring painful
ulcers of the mouth that are round or ovoid covered by
greyish-white fibrin pseudomembranes and surrounded by
inflammatory halos [1]. On the basis of ulcer size and
number, RAS is classified as minor, major and herpetiform
[2]. The cumulative prevalence of RAS varies from 5 to
66 % of the population, depending on the group examined
[2, 3]. However; up to 80 % of the affected patients present
with the minor form of RAS [2, 4]. Despite its high preva-
lence rate and plenty of studies, the aetiology of RAS is not
entirely clear.

Many studies suggested different aetiological and predis-
posing factors and aetiopathogenesis mechanisms. These
studies were critically reviewed elsewhere [1, 2, 4-6].
Among these mechanisms, cell-mediated [7—9] and humoral
immune responses [10, 11] were reported. The latter com-
prises circulating and secretory immunoglobulins. Secretory
IgA plays a pivotal role in mucosal immunity [12, 13].
Salivary IgA alters the motility and adhesiveness properties
of microorganisms and thus increases oral mucosal resis-
tance to infections [14]. Apart from studies which investi-
gated the potential association of serum IgA with RAS; few
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studies investigated the potential role of salivary IgA [10,
11, 15-17]. These studies recruited small samples, and
many of them [10, 11, 15, 16] included heterogeneous
patients (affected by minor and major forms of RAS). Fur-
thermore, these studies applied less sensitive detection
methods than enzyme-linked immunosorbent assay
(ELISA). Hence they reported conflicting results. The ob-
jective of the current study was to determine the potential
changes in salivary IgA, along with salivary flow rate, in
patients affected with the minor form of RAS.

Materials and methods
Subjects

The present matched case—control study was conducted
during 2009/2010 academic year in the Oral Medicine De-
partment, Faculty of Dentistry, Damascus University, Syria.
It is approved by the faculty board and the scientific com-
mittee. Prior to investigation, each participant was informed
about the study aims and protocol and an informed consent
was obtained accordingly. The sample size was calculated to
detect a difference of more than 15 % between the mean
values of levels of salivary IgA of the cases and controls.
The standard deviation in each group was considered as
20 % of the mean value. The power and the significance
values were set at 85 % and <0.05, respectively. The
resulted sample size was 30 subjects in each group. The
cases group consisted of 33 patients affected with the minor
form of RAS which developed within the last 72 h of their
attendance. Their clinical presentations and medical histo-
ries were reviewed to confirm the criteria proposed by Natah
et al. [2] for diagnosing the minor form of RAS. Patients
were excluded if they had any systemic disease or used any
medication 1 month prior to their attendance. Data regarding
size, number and site of the ulcer(s) were recorded through
clinical examination, while the age, the potential predispos-
ing factors and the annual recurrence rate were obtained
through questioning the patient. For each patient, a healthy
subject (matched for age, sex and smoking) was recruited,
yielding a control group of 33 healthy subjects. They were
either dental students or dental patients attending the faculty
for conservative treatment. All control subjects had never
been affected by RAS, as they reported. No attempt was
made to match the cases and the controls regarding oral
health status; however, they had somewhat comparable oral
health.

Saliva collection

For each RAS patient, two salivary samples were obtained.
The first was within 72 h of ulcer development while the
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second was after quiescence; i.e. a complete remission of the
ulcer(s) (mostly 10-14 days after attack). For each healthy
control, one saliva sample was obtained. Salivary collection
was between 9 a.m. and 1 p.m. All participants were
instructed not to eat, drink (except water) or smoke 1 h
before saliva collection. Passive drooling technique was
used to collect the total spontaneous (non-stimulated) saliva.
After mouth washing by distilled water, the participant
instructed to swallow and then tilt his/her head anteriorly
and let the saliva to drool over the lower lip through an
open-ended glass cylinder into a centrifugable polypropyl-
ene tube (Vissal®; France). This lasted for 5 min during
which the participant was supervised not to swallow or
move his/her tongue or lip. The tubes were sealed and
immediately weighted (Electronic Balance BEB43,
BOECO; Germany). The salivary samples were then imme-
diately stored at —20 °C freezer (DS-208, DAIREI; Japan)
until required. The salivary flow rate was determined in
millilitres per minute.

Determination of IgA

Solid-phase enzyme-linked immunosorbent assay (IgA SA-
LIVA; DiaMetra, Italy) was used to determine the levels of
salivary IgA. Briefly, upon thawing at room temperature, the
saliva sample was centrifuged at 3,000 rpm for 15 min
(EBA20, Hettich; Germany). The supernatant was diluted
by IgA assay buffer (HEPES buffer 25 mM, pH 7.4; BSA
0.5 g/L) in two subsequent stages (1/20 and 1/50) yielding
1:1,000 diluted sample. After each dilution, the sample was
shaked (Orbital Shaker OS-20, BOECO; Germany) for
5 min at room temperature. Two 25-uL samples of the
diluted supernatant were added separately into two wells
of the microplate where the antibody anti-IgA adsorbed.
Similarly, five samples (25 pL each) of the supplied IgA
saliva standards were added into five wells. One well was
left blank as negative control. The microplate was incubated
at 20-28 °C for 1 h and then automatically washed (Auto-
strip washer ELx50, Bio-TEK instruments, INC.; USA)
three times using NaCl 45 g/L and Tween 55 g/L wash
solution. For each well, 100 uL of the diluted conjugate
(antibody anti-IgA conjugated with horseradish peroxidase)
was added with further incubation for 1 h and then washing
as indicated. One hundred microliters of TBM substrate
(H,0,-TMB 0.26 g/L) was then added to each well with
further incubation for 15 min in the dark. Finally, 100 pL of
stop solution (sulphuric acid 0.15 mol/L) was added to each
well and the microplate was shaked gently. Absorbance at
450 nm was read against blank using microplate reader
(Universal Microplate Reader, ELx-800, Bio-TEK instru-
ments, Inc., USA). Based on the known concentrations of
the standards samples, the concentrations of the salivary IgA
were calculated and presented as micrograms per millilitre.
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Table 1 Demographic and clinical characteristics of the recurrent
aphthous stomatitis (RAS) patients

Variable RAS patients
n %

Gender

Male 21 63.6
Female 12 36.4
Smoking

Yes 3 9.1
No 30 90.9
No. of ulcers

One 21 63.6
Two 10 30.3
>2 2 6.1
Recurrence rate (per year)

Up to 4 episodes 7 21.2
5-6 episodes 5 15.2
7-8 episodes 7 21.2
9-10 episodes 3 9.1
11-12 episodes 5 15.2
>12 episodes 6 18.2
Ulcer site®

Buccal mucosa 15 28.3
Lower lip 25 47.2
Flour of the mouth 7 13.2
Tongue 5 9.1
Soft palate 1 1.9

*Some patients presented with more than one ulcer

Statistics

The qualitative variables were presented as frequencies and
proportions. The quantitative variables were checked for nor-
mal distribution using Kolmogorov—Smirnov test. As they
were not normally distributed, they were presented as medians
and interquartile ranges. The differences, between and within
groups, were analysed using nonparametric tests, i.e. Mann—
Whitney U and Wilcoxon signed rank tests, respectively. A
significance value of less than 0.05 was considered. All statis-
tical analyses were performed with SPSS software version 19.

Results

Of the included RAS patients, 21 (63.6 %) were males.
Three males (9.1 %) were smokers. The median age of
RAS patients was 22 years (range 1941 years). Ages of
male and female patients were comparable. The most
affected oral site was the lower lip (25 ulcers, 47.2 %)
followed by the buccal mucosa (15 ulcers, 28.3). The
patients were distributed evenly regarding the annual
recurrence rate. Seven patients (21.2 %) reported up to
four episodes/year, while six patients (18.2 %) reported
more than one episode a month. Table 1 summarizes the
demographic and clinical characteristics of the patients.

Levels of salivary IgA in RAS patients in acute phase
were increased significantly in comparison with the values
in healthy controls. Although these levels were decreased
significantly in remission phase, they remained significantly
higher than that of healthy controls (Table 2).

When considered separately, male and female RAS
patients revealed significantly higher levels of salivary
IgA in acute phase when compared with the values of
healthy control counterparts and their values in remis-
sion phase. Even in the remission phase, levels of
salivary IgA in the affected males and females remained
higher than the values in healthy control males and
females respectively; the differences were statistically
insignificant however (Table 3).

Levels of salivary IgA in RAS patients were not found
to be gender related. Contrarily, levels of salivary IgA in
healthy males were significantly higher in comparison
with the values of healthy females (Table 4). On the
other hand, salivary flow rate was not found to be
influenced by the health state (healthy vs. RAS), RAS
phase (acute vs. remission) or gender (males vs. females;
Tables 2 and 3).

In acute phase of RAS, levels of salivary IgA were
inversely but insignificantly correlated with the number
of ulcers and with recurrence rate/year (Pearson
correlation=—0.134 and —-0.03, P=0.458 and 0.869, re-
spectively). Contrarily, in remission phase, these parame-
ters were proportionally but insignificantly correlated
(Pearson correlation=0.008 and 0.236, P=0.963 and
0.078, respectively).

Table 2 Salivary IgA concentrations and salivary flow rates in recurrent aphthous stomatitis (RAS) patients and healthy controls

Group/subgroup No. of subjects Salivary IgA (ug/mL), median (IQR) Salivary flow rate (mL/min), median (IQR)
Healthy controls 33 88.92 (76.85-93.91) 0.54 (0.41-0.80)
Acute RAS 33 124.94 (106.22-136.31)*, ** 0.48 (0.33-0.82)
Remission RAS 33 102.4 (84.6-120.16)*** 0.57 (0.47-0.60)

IOR interquartile range

P<0.001 vs. healthy controls; ¥**P=0.01 vs. remission; ***P=0.01 vs. healthy controls
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Table 3 Salivary IgA concentrations and salivary flow rates in recurrent aphthous stomatitis (RAS) and healthy control males and females

separately
Gender Subgroups No. of subjects Salivary IgA (ug/mL), median (IQR) Salivary flow rate (mL/min), median (IQR)
Males Healthy controls 21 92.34 (86.06-95.12) 0.56 (0.42-0.82)
Acute RAS 21 125.92 (106.22-132.53)*, ** 0.55 (0.35-0.89)
Remission RAS 21 105.04 (85.6-119.58) 0.57 (0.39-0.81)
Females Healthy controls 12 70.9 (50.82-92) 0.49 (0.28-0.75)
Acute RAS 12 121 (102.24—128.93)*, *** 0.42 (0.30-0.65)
Remission RAS 12 98.4 (67.95-129.6) 0.57 (0.48-0.59)

IOR interquartile range

*P<0.000 vs. healthy controls; **P=0.001 vs. remission; ***P=0.021 vs. remission

Discussion

Many issues should be considered while critically discussing
studies on a potential association of an aetiological factor with
RAS. Among these are: the diagnostic criteria which applied,
the clinical forms of RAS and sensitivity of the detection
methods. Experts have suggested reserving the term RAS
for recurrent ulcers confined to the mouth and seen in the
absence of systemic disease [1, 4, 6]. To avoid enrolling
patients with intraoral aphthous-like ulcer(s) associated with
several systemic diseases or conditions [1], the medical and
family histories of RAS patients in the present study were
reviewed in details along with application of the diagnostic
criteria proposed by Natah et al. [2]. Moreover, and unlike the
previous studies [10, 11, 16], including patients with the minor
form of RAS only makes the study sample more homogenous,
and reduces the potential biases. Furthermore, the method
used for salivary IgA detection, ELISA, is more sensitive than
nephelometry and radial immunodiffusion methods used by
Martinez Kde et al. [11], and Sistig et al. [10], Saluja etal. [17]
and Brozovic et al. [16], respectively.

Irrespective of the gender, levels of salivary IgA are
significantly increased in acute phase of RAS in comparison
with the values in healthy controls and with the values in
remission phase (Tables 2 and 3). This is in agreement with
many studies [10, 11, 16, 17], but it contradicts others [15,
18, 19]. This could reflect an important role for salivary IgA
in pathogenesis of RAS. Four mechanisms could be pro-
posed: firstly, the presence of a threshold level of salivary
IgA above which direct destruction of keratinocytes may

commence; secondly, indirect destruction through IgA im-
mune complex-mediated mechanism, although this type of
uncontrolled immune response occurs in the circulation
[20]; thirdly, these IgA antibodies are autoantibodies against
oral mucosal cell antigens, or they may be produced against
a foreign antigen that is immunologically cross-reactive
with a component of oral self tissues [21, 22] and fourthly,
these elevated levels might be a normal local immune re-
sponse (innate or adaptive) to neutralize the aectiological
factor(s) that has/have already caused epithelial destruction.
The last mechanism is more appropriate in context of the
normal functioning immune system [20]. The principle
mechanism of protective immunity against antigens in mu-
cosal lumen is antibody-mediated neutralization which is
dominated by IgA [12, 14].

Interestingly, levels of salivary IgA in remission phase
remained significantly higher in comparison with the levels
in healthy controls (Table 2). Previous studies did not report
such a result [15, 18, 19]. However, Sistig et al. [10] and
Saluja et al. [17] took this one step further as they found
increased levels of IgA-2 subclass in remission phase, in
contrast to IgA-1 subclass which returned to levels compa-
rable to the levels in healthy controls. They related their
findings to the chronic antigenic stimulation because of the
high concentration of the specific microorganism that could
be involved in the pathogenesis of RAS [10, 17].

In line with that, the immune response during an active
disease process might end up with collateral tissue damage;
this might be the cause of acute RAS. Such a response leads to
development of a specific (adaptive) immune protection in

Table 4 Salivary IgA concen-
trations in recurrent aphthous

stomatitis (RAS) and healthy
control by gender

NS not significant, /QR inter-

Group/subgroup Salivary IgA (pg/mL), median (IQR) P value
Males (n=21 each) Females (n=12 each)

Healthy controls 92.34 (86.06-95.12) 70.9 (50.82-92) 0.024

Acute RAS 125.92 (106.22-132.53) 121 (102.24-128.93) NS

Remission RAS 105.04 (85.6-119.58) 98.4 (67.95-129.6) NS

quartile range
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remission phase (healthy state) against future attacks [20]. It is
not the case in RAS however; the increased levels of salivary
IgA in remission phase appears to be a determinant for the
recurrence. Previous studies revealed that low levels, but not
high levels, of salivary IgA were associated with development
of dental caries [23], gingivitis [24] and periodontitis [25, 26].
Therefore, with elevated levels of local secretory immunity,
RAS patients should be less vulnerable to recurring attacks.
This holds true unless multifactorial aetiopathogenesis, defec-
tive quality of the secretory immunity and/or antigenic varia-
tion of the causative microbe are implicated. On the other
hand, some investigators classified RAS as an autoimmune
disease mediated by salivary IgA autoantibody [21, 27].

Healthy males revealed significantly higher levels of
salivary IgA than healthy females did (Table 4). In addition
to the role of the gender difference in body mass index,
levels of many biological parameters are gender related; e.g.
haemoglobin. Less number of females included in the pres-
ent study could not be overlooked, however. Regarding
RAS patients, levels of salivary IgA in males, in acute or
remission phase, were higher than levels in females; the
differences were statistically insignificant.

Measuring resting salivary flow is preferred over the stim-
ulated one. Salivary flow at rest reflects the function of saliva
most of the time. Moreover, it is more reliable to represent the
physiology of oral secretions without the interference of ex-
ternal factors. Moreover, Hagewald et al. [26] found that with
stimulation, salivary parameters were diluted and measured
lower concentrations than they were in resting. Overall, quan-
tity and quality of saliva together determine its biological
functions [28]. In our study, neither the health status (affected
vs. healthy), RAS phase (acute vs. remission) nor the gender
affected the levels of salivary flow rate. This is in agreement
with previous studies [10, 11, 15, 29].

In conclusion, the quality, but not the quantity, of saliva is
altered in RAS patients. Marked increase of salivary IgA in
acute and remission phases of RAS may suggest an important
role for this immunoglobulin in pathogenesis of the disease.
Whatever the involved mechanisms are, protective or, indirect-
ly or directly, destructive, they are hypotheses for future studies.

Acknowledgments The results presented in this study are part of the
first author’s master project which was financially supported by the
Faculty of Dentistry, Damascus University.

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Chattopadhyay A, Shetty KV (2011) Recurrent aphthous stomati-
tis. Otolaryngol Clin North Am 44(1):79-88. doi:10.1016/
j.0tc.2010.09.003

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Natah SS, Konttinen YT, Enattah NS, Ashammakhi N, Sharkey

KA, Hayrinen-Immonen R (2004) Recurrent aphthous ulcers to-
day: a review of the growing knowledge. Int J Oral Maxillofac
Surg 33(3):221-234. doi:10.1006/ijom.2002.0446

. Jurge S, Kuffer R, Scully C, Porter SR (2006) Mucosal disease

series. Number VI. Recurrent aphthous stomatitis. Oral Dis 12
(1):1-21. doi:10.1111/5.1601-0825.2005.01143.x

. Scully C, Porter S (2008) Oral mucosal disease: recurrent aphthous

stomatitis. Br J Oral Maxillofac Surg 46(3):198-206. doi:10.1016/
j-bjoms.2007.07.201

. Preeti L, Magesh K, Rajkumar K, Karthik R (2011) Recurrent

aphthous stomatitis. J Oral Maxillofac Pathol 15(3):252-256.
doi:10.4103/0973-029X.86669

. Baccaglini L, Lalla RV, Bruce AJ, Sartori-Valinotti JC, Latortue

MC, Carrozzo M, Rogers RS III (2011) Urban legends: recurrent
aphthous stomatitis. Oral Dis 17(8):755-770. doi:10.1111/j.1601-
0825.2011.01840.x

. Kumar BP, Keluskar V, Bagewadi AS, Shetti A (2010) Evaluating

and comparing phagocytic functions of salivary and blood neutro-
phils in patients with recurrent aphthous ulcers and controls. Quin-
tessence Int 41(5):411-416

. Natah SS, Hayrinen-Immonen R, Hietanen J, Malmstrom M,

Konttinen YT (2000) Immunolocalization of tumor necrosis
factor-alpha expressing cells in recurrent aphthous ulcer lesions
(RAU). J Oral Pathol Med 29(1):19-25

. Natah SS, Hayrinen-Immonen R, Hietanen J, Patinen P, Malmstrom

M, Savilahti E, Konttinen YT (2000) Increased density of lympho-
cytes bearing gamma/delta T-cell receptors in recurrent aphthous
ulceration (RAU). Int J Oral Maxillofac Surg 29(5):375-380

Sistig S, Vucicevic-Boras V, Lukac J, Kusic Z (2002) Salivary IgA
and IgG subclasses in oral mucosal diseases. Oral Dis 8(6):282—
286

Martinez Kde O, Mendes LL, Alves JB (2007) Secretory A im-
munoglobulin, total proteins and salivary flow in Recurrent Aph-
thous Ulceration. Braz J Otorhinolaryngol 73(3):323-328
Russmann H, Lissner R, Schmidt H, Karch H (1999) IgA/IgM and
secretory immunity. Sepsis 3:219-224

Brandtzaeg P (2007) Do salivary antibodies reliably reflect both
mucosal and systemic immunity? Ann NY Acad Sci 1098(3):288-311
Marcotte H, Lavoie MC (1998) Oral microbial ecology and the
role of salivary immunoglobulin A. Microbiol Mol Biol Rev 62
(1):71-109

Ben-Aryeh H, Malberger E, Gutman D, Szargel R, Anavi Y (1976)
Salivary IgA and serum IgG and IgA in recurrent aphthous stoma-
titis. Oral Surg Oral Med Oral Pathol 42(6):746—752

Brozovic S, Vucicevic-Boras V, Bukovic D (2001) Serum IgA,
IgG, IgM and salivary IgA in recurrent aphthous ulceration. Coll
Antropol 25(2):633-637

Saluja R, Kale A, Hallikerimath S (2012) Determination of levels
of salivary IgA subclasses in patients with minor recurrent aph-
thous ulcer. J Oral Maxillofac Pathol 16:49-53

Lehner T (1969) Immunoglobulin estimation of blood and saliva in
human recurrent oral ulceration. Arch Oral Biol 14(4):351-364
Bennet KR, Reade PC (1982) Salivary immunoglobulin A levels
in normal subjects, tobacco smokers and patients with minor
aphthous ulceration. Oral Surg Oral Med Oral Pathol 53:461-465
Abbas AK, Lichtman AH (2003) Cellular and molecular immu-
nology, 5th edn. Saunders, China

Schett G, Metzler B, Kleindienst R (1997) Salivary anti-hsp65
antibodies as a diagnostic marker for gingivitis and a possible link
to atherosclerosis. Int Arch Allergy Immunol 114:246-250
Donatsky O (1975) An immunofluorescence study on the cross-
reaction between Strep. 2a and human oral mucosa. Scand J Dent
Res 83(2):111-119

Taubman MA, Smith DJ (1993) Significance of salivary antibody
in dental disease. Ann N 'Y Acad Sci 694:202-215

@ Springer


http://dx.doi.org/10.1016/j.otc.2010.09.003
http://dx.doi.org/10.1016/j.otc.2010.09.003
http://dx.doi.org/10.1006/ijom.2002.0446
http://dx.doi.org/10.1111/j.1601-0825.2005.01143.x
http://dx.doi.org/10.1016/j.bjoms.2007.07.201
http://dx.doi.org/10.1016/j.bjoms.2007.07.201
http://dx.doi.org/10.4103/0973-029X.86669
http://dx.doi.org/10.1111/j.1601-0825.2011.01840.x
http://dx.doi.org/10.1111/j.1601-0825.2011.01840.x

980

Clin Oral Invest (2013) 17:975-980

24. Rashkova MP, Toncheva AA (2010) Gingival disease and secreto-
ry immunoglobulin A in non-stimulated saliva in children. Folia
Med 52(4):48-55

25. Henskens YM, van den Keijbus PA, Veerman EC (1996) Protein
composition of whole and parotid saliva in healthy and periodon-
titis subjects: determination of cystatins, albumin, amylase and
IgA. J Periodont Res 31(7):57-65

26. Hagewald S, Bernimoulin J-P, Kottgen E, Kage A (2002) Salivary
IgA subclasses and bacteria-reactive IgA in patients with aggres-
sive periodontitis. J Periodont Res 37:333-339

@ Springer

27.

28.

29.

Ozdemir I, Calka O, Karadag A, Akdeniz N, Ozturk M (2011) Thyroid
autoimmunity associated with recurrent aphthous stomatitis. J Eur
Acad Dermatol Venereol. doi:10.1111/j.1468-3083.2011.04040.x
Farnaud SJC, Kosti O, Getting SJ, Renshaw D (2010) Saliva:
physiology and diagnostic potential in health and disease. Sci
World J 10:434-456

Wu-Wang CY, Patel M, Feng J, Milles M, Wang SL (1995)
Decreased levels of salivary prostaglandin E2 and epidermal
growth factor in recurrent aphthous stomatitis. Arch Oral Biol 40
(12):1093-1098


http://dx.doi.org/10.1111/j.1468-3083.2011.04040.x

Copyright of Clinical Oral Investigations is the property of Springer Science & Business MediaB.V. and its
content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for individual use.



