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Oral Health Status and Salivary Pepsin Levels in Children
With Gastroesophageal Reflux Disease Surgery:
A Postoperative Evaluation
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Abstract

Background: Gastroesophageal reflux disease (GERD) is character-
ized by the impact of gastroesophageal reflux on daily life and func-
tion, leading to troublesome symptoms and/or complications. This
study was designed to evaluate oral and dental health, salivary pa-
rameters, and salivary pepsin concentrations in children operated on
for GERD and compare them to those of healthy children.

Methods: Data were gathered by a questionnaire. Assessment of oral
health included evaluation of dental caries, filling and missing tooth
status, periodontal health, dental erosion status, and salivary param-
eters such as salivary flow, pH, buffering capacity, and pepsin levels.
Pepsin enzyme concentrations in saliva samples were analyzed by
sandwich enzyme-linked immunosorbent assay (ELISA).

Results: The study enrolled 42 children in total, comprising 16 who
underwent surgical operations due to GERD with a mean age of 7.19
+ 4.651 years and 26 healthy controls with a mean age of 8 + 4.186
years. The study group comprised children previously diagnosed with
GERD who had undergone surgery, while the control group included
medically healthy children without systemic conditions. The mean
decayed, missing, filled tooth/surface (dmft/dmfs) indexes of chil-
dren in the operated for GERD group are statistically significantly
lower. In contrast, plaque index and gingival index means are higher
than those of healthy children. The salivary pepsin level was found
to be 95.219 + 154.250 pg/mL in the operated for GERD group and
104.923 + 193.869 pg/mL in the healthy group (P = 0.803).
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Conclusions: GERD is a significant health problem that may have
an impact on oral and dental health status. As oral health status of
children may be impaired in children with GERD, pediatric dentists
should take part in the multidisciplinary team during the diagnosis,
treatment, and control follow-up of these patients.
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Introduction

Gastroesophageal reflux, which refers to the passage of gastric
contents into the esophagus, can be defined as gastroesopha-
geal reflux disease (GERD) when it affects one’s daily life and
functioning, causing troublesome symptoms and/or complica-
tions [1]. There is growing evidence indicating that several
factors might raise the risk of GERD in infants and children.
These include preterm birth, birth-related complications [2],
genetic and epigenetic factors [3—5], nutritional disorders, obe-
sity, congenital heart diseases, gastrointestinal system anoma-
lies, and use of certain drugs (such as calcium channel block-
ers, diazepam, theophylline, and methylxanthines) [6—10].

GERD accompanied by symptoms has been reported to
have a prevalence range of 0.2—18.8% in children and adoles-
cents [11, 12]. It is thought that in GERD, gastric fluid reaching
the extraesophageal tissues may be responsible for the damage
observed in tissues outside the stomach. It is often the case that
reflux attacks occur in the postprandial period after meals or at
night. This can cause the stomach contents to reach the esopha-
gus and upper tissues, potentially leading to damage [13, 14].
In cases where pharmacological approaches to GERD treatment
have been unsuccessful in achieving the desired results, surgical
options may be considered. This could be the case when there
are also anatomical disorders, recurrent pulmonary infections,
or growth and development disorders present [1, 15-19].

Pepsin is secreted as pepsinogen from chief cells in the
fundus of the stomach and is an endopeptidase enzyme that
plays a role in the breakdown of dietary proteins in the stom-
ach into amino acids [20]. It might be suggested that the detec-
tion of pepsin enzyme in areas outside the stomach could be an
indicator of a reflux episode [21-25].

Some studies have explored the potential relationship be-
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Table 1. Abbreviations and Definitions of the Indices Employed to Assess Oral Health

Abbreviation Definition

dmft decayed, missing, and filled teeth (primary dentition)

dmfs decayed, missing, and filled surfaces (primary dentition)
DMFT decayed, missing, and filled teeth (permanent dentition)
DMFS decayed, missing, and filled surfaces (permanent dentition)
PI plaque index

GI gingival index

BEWE basic erosive wear examination

tween GERD and oral and dental health [26, 27]. Typical oral
findings in GERD include dental erosions, dental caries, oral
mucosal erythema, dry mouth, bad breath, and burning sensa-
tion in the mouth [28, 29].

The objective of this study was to assess the oral health,
specific salivary parameters, and salivary pepsin levels in chil-
dren who underwent surgery for GERD and to compare the
findings with those of healthy children.

Materials and Methods

Ethical concerns and design

The study was conducted between June 2022 and October
2023 after the approval of the Hacettepe University Non-In-
terventional Research Ethics Committee (2022/05/10). The
study was conducted in compliance with the ethical standards
of the responsible institution on human subjects as well as with
the Helsinki Declaration. The participants in the study were
grouped into study and control groups. All eligible pediatric
patients aged 0—18 years who underwent surgery for GERD at
the Pediatric Surgery Department of the Faculty of Medicine,
Hacettepe University, and whose families provided consent,
were included in the study. GERD diagnosis in all patients was
confirmed clinically and radiologically before surgery. In this
group, pediatric patients who did not comply during oral ex-
amination and/or saliva collection were excluded. The control
group consisted of children aged 0—18 years who were admit-
ted to the Pediatric Dentistry Department of the dental faculty
at the same university, for any reason and whose families gave
their consent to participate. Children in the control group were
excluded from the study if they had any systemic disease and
did not cooperate during oral and dental health evaluation and
saliva collection. In this study, “healthy” refers to children
without GERD and neurological impairment. They were medi-
cally healthy individuals as reported by their parents, and this
information was subsequently verified through the electronic
medical records system.

Oral examination

In data collection processes, a questionnaire form developed

for this study, which consisted of questions about the child’s
nutrition and oral care habits, was used. The oral and dental
health records were written on examination record sheets.
The oral hard and soft tissues and teeth were examined with
a mouth mirror and a ball-tipped periodontal probe under the
light of a dental unit. Dental caries were recorded according to
the decayed, missing, filled tooth/surface in both primary and
permanent tooth (dmft/s and DMFT/S, respectively) indices
for primary and permanent teeth, respectively [30]. The Gingi-
val Index (GI) and Plaque Index (PI) [31] were used to assess
gingival health and dental plaque status. In these indices, Ram-
fjord teeth, known as the partial periodontal recording system,
were used due to ease of application in young age groups and
individuals with special health needs [32, 33]. The presence of
dental erosion was evaluated with the Basic Erosive Wear Ex-
amination (BEWE) index [34]. Abbreviations and definitions
of the indices employed to assess oral health are presented in
Table 1. All examinations were performed by one research as-
sistant in pediatric dentistry (KS); to ensure the reliability and
reproducibility of the clinical assessments, specific training on
the application of all World Health Organization (WHO) indi-
ces was provided by a professor of pediatric dentistry with 35
years of professional experience. Before the initiation of data
collection, intra-examiner calibration between the professor
and the examining dentist was performed, yielding a Cohen’s
kappa coefficient of 0.92, indicating excellent agreement. In
addition, the dentition stage (primary, mixed, or permanent)
was recorded for each child.

Saliva collection/assessment

The saliva samples of children who could be orally fed and
able to cooperate were collected between 9:00 and 10:00 a.m.
before any food or water intake, tooth brushing, or mouth rins-
ing. In children who were not fed orally, saliva was collected
just before their regular feeding. For saliva collection, three
Salivette rolls (Sarstedt, Numbrecht, Germany) were placed in
the mouth for 5 min without stimulation: two positioned at the
orifices of the Stensen ducts, one to the mouth floor where
ducts from the Wharton and sublingual glands open. Samples
were then transferred into particular centrifugation tubes and
centrifuged at 1,000 x g for 2 min to obtain supernatants. The
saliva flow rate was recorded in mL/min. pH and buffering
capacity were assessed using the Saliva-Check Buffer Kit (GC
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Corporation, Tokyo, Japan). The collected saliva samples for
enzyme-linked immunosorbent assay (ELISA) analysis were
stored at —20 °C.

Pepsin saliva measurement

Pepsin levels in saliva samples were quantified by using a
sandwich ELISA [35] method with a commercially avail-
able Human Pepsin ELISA kit (Elabscience, Houston,
USA), designed to detect concentrations within the range of
62.50-4,000 pg/mL. Samples falling below the lower limit
of detection were reported as 0 pg/mL. All the experimental
procedures were performed following the manufacturer’s in-
structions. Briefly, 100 uL samples were added to the wells
of a precoated 96-well plate and incubated for 90 min at 37
°C. Then, wells were washed and incubated with biotinylated
secondary antibody for 60 min at 37 °C. After another wash-
ing procedure, wells were incubated with TMB substrate
solution for 15 min at 37 °C. The enzymatic reaction was
stopped by adding stop solution, and the absorbance of each
well was immediately measured at 450 nm using a microplate
reader. A standard curve generated from known concentra-
tions of pepsin standards was used to calculate the concen-
tration of pepsin in each sample (pg/mL). Each assay was
performed in duplicate.

Statistical assessment and data analysis

The recording of data and statistical analyses in the research
was carried out by the authors. All statistical analyses were
performed using the IBM SPSS 23.0 (SPSS Inc., Chicago, IL,
USA) software package. For descriptive statistics, frequency
and percentage were calculated for categorical variables, and
mean, standard deviation (SD), median, minimum, and maxi-
mum values were calculated for numerical variables. Numeri-
cal variables were considered as parametric data if normality
tests were met, and an independent samples #-test was used to
compare two independent groups. In cases where normality
was not met and non-parametric data were present, the Mann-
Whitney U test was used for comparing two independent
groups. Chi-square test was used for comparing categorical
variables, and Fisher’s exact test or exact test was used when
necessary. Pearson correlation test was applied to evaluate
relationships between numerical values in parametric cases,
while Spearman’s correlation test was applied in non-para-
metric cases. The level of statistical significance was set at P
<0.05.

Results

Sixteen children aged 0—14 years who underwent Nissen fun-
doplication for GERD participated in the study, including 10
boys (62.5%) and 6 girls (37.5%), with a mean age of 7.19 +
4.651 years. In the healthy group, there were 26 children aged
0-14 years, including 16 boys (61.5%) and 10 girls (38.5%),

with a mean age of 8 + 4.186 years. The gender and age distri-
bution between the operated for GERD group and the healthy
group were evaluated, and no statistically significant differ-
ence was found between the groups (gender; P = 0.950; age;
P=0.576).

In the study, 56.3% (n = 9) of the children in the operated
for GERD group were not fed orally. One of these children was
fed through a nasogastric tube (NG), while the others were fed
through a percutaneous endoscopic gastrostomy (PEG). Ac-
cording to the parents, 81.3% (n = 13) of the children in the
operated for GERD group had difficulty in chewing. A total of
68.8% of children in the operated for GERD group exhibited
neurological impairment. Furthermore, it was determined that
72.7% of these children were fed only through gastrostomy
tubes.

According to the results, it was reported by the parents that
50% of the children in the operated for GERD group, whereas
84.6% of the children in the healthy group had previously vis-
ited a dentist. Additionally, it was found that half (n = 8) of
the children in the operated for GERD group did not brush
their teeth, and approximately one-third (n = 5) had their teeth
brushed by their parents. The children in the group who failed
to brush their teeth were those who were not fed orally. In the
healthy group, it was learned that 7.7% (n = 2) of children did
not brush their teeth, while 73.1% (n = 19) brushed their teeth
themselves.

The data evaluating the oral health of children participat-
ing in the study are presented in Table 2. The dmft and dmfs
scores of children in the healthy group were statistically signif-
icantly higher than those in operated for GERD group, while
the PI and GI scores of children in the operated for GERD
group were significantly higher (P <0.05). In the group of chil-
dren who underwent surgery for GERD, the distribution across
dentition types was as follows: six children in primary, eight
children in mixed, and two in permanent dentition. Within
the healthy group, eight children were in primary, fourteen in
mixed, and four in permanent dentition.

Erosive lesions in dental hard tissues were detected in 50%
of the children in the operated for GERD group compared to
38.5% in the healthy group. The mean total BEWE score was
2.93 4+ 3.362 for the operated for GERD group and 0.77 + 1.21
for the healthy group. The observed difference between the
groups was not statistically significant (P = 0.094). The region
with the highest mean BEWE score in both groups was the
anterior maxillary region. In addition, the mean BEWE scores
in the maxillary anterior region were significantly higher in
children of operated for GERD group (P = 0.046).

The unstimulated saliva sample parameters are presented
in Table 2. No statistically significant differences were ob-
served between the operated for GERD and healthy groups
in terms of salivary pH, buffering capacity, salivary flow rate
(mL/min), and pepsin concentrations (P > 0.05). In addition,
in both primary and permanent dentition (dmft, dmfs, DMFT,
and DMFS) indices median (IQR) scores were 0 (1 to 2) in
the operated for GERD group in children who were not fed
orally.

In the operated for GERD group, the mean interval be-
tween fundoplication surgery and the study assessment was
24.8 + 13.7 months. The age at which children underwent sur-
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Table 2. Distribution Statistics of the Indices Indicating the Oral Health Status and Salivary Parameters of the Children in the Oper-

ated for GERD and Healthy Groups Participating in the Study

Operated for GERD (n = 14)?

Healthy (n = 26)*

Mean + SD 1(\;[3(11{;‘ n ﬁ:;::lnl::ln_ Mean + SD ?;[(3(1111;‘ i x:;::lnl:::

dmft 1.50 £3.61 0 (1) 0-13 3.85+4.22 2(7) 0-13 0.028°
dmfs 4.00 + 8.95 0() 0-29 9.77 £ 11.85 4 (20) 0-37 0.033>
DMEFT 1.86 +4.45 0 (1) 0-16 2.38+3.92 0.5(3) 0-17 0.194°
DMFS 243 +£547 0 (1) 0-19 4.08 +7.44 0.5 (6) 0-32 0.154°
PI 2.01 +0.80 1.79 (1.63) 1-3 1.303 +£0.37 1.37 (0.64) 0-1.91 0.014°
GI 1.98 £0.57 2(0.73) 1.16-3 1.294 +£0.25 1.29 (0.32) 0-1.85 0.000°
BEWE 2.93+£3.36 2 (4) 0-9 0.77+1.21 0 (1) 04 0.094>
Saliva parameters

pH 6.913 +0.3304 6.9 (0.5) 6.2-7.5 6.985 +0.3209 7.0 (0.5) 6.4-7.6 0.488¢

Buffering capacity 4.94 +£2.205 4.5 (4) 2-10 5.54 +£2.775 5(5) 1-11 0.467°

Flow rate (mL/min)  0.5181 £+ 0.396 0.465 (0.48) 0.03-1.35 0.438 +£0.340 0.275 (0.51) 0.06-1.22 0.543b

Pepsin (pg/mL) 95219 £ 154250 0(136.9) 0-512.85 104.923 +£193.869 31.55(124.3)  0.0-751.70  0.803°

aMeasurements were made in patients whose teeth had fully erupted in the oral cavity. PMann-Whitney U. cIndependent sample t-test. BEWE: basic
erosive wear examination; GERD: gastroesophageal reflux disease; Gl: gingival index; IQR: interquartile range; PI: plaque index; SD: standard

deviation.

gery for GERD ranged from 1 to 13 years, with the mean oper-
ation age of 5.5 +4.397 years. Based on the time elapsed since
the surgical operation for GERD, the distribution of the group
was as follows: 0—6 months (12.5%), 13—24 months (43.8%),
25-36 months (25.0%), and more than 36 months (18.8%).

In the operated for GERD group, the results of correlation
analysis are shown in Tables 3 and 4. Similar to the operated
for GERD group, a strong positive correlation was observed
between dmft and dmfs, and between DMFT and DMFS in the

healthy group. In addition, as salivary pepsin concentrations
increased in this group, the total BEWE (r = 0.461; P =0.018)
and the PI scores (r = 0.573; P = 0.003) also increased. This
relationship was found to be statistically significant, indicating
a moderate positive correlation (Table 4).

Table 5 presents a comparative overview of oral health
indices and salivary parameters between children who under-
went surgery for GERD and the control group, highlighting
significantly lower dmft/dmfs, higher PI, and GI scores in the

Table 3. The Relationship Between Some Salivary Parameters of Children in the GERD Group Participating in the Study

dmft dmfs DMFT DMFS PI GI BEWE
dmft r 1.000 0.998** 0.092 0.119 —0.023 —-0.179 0.207
p 0.000 0.755 0.684 0.942 0.558 0.477
dmfs r 1.000 0.119 0.149 0.007 —0.160 0.174
p 0.684 0.611 0.981 0.602 0.552
DMEFT r 1.000 0.998%** 0.282 —0.056 0.099
p 0.000 0.351 0.856 0.737
DMFS r 1.000 0.300 —0.033 0.082
p 0.320 0914 0.780
Plaque index (PI) r 1.000 0.813%* —0.374
p 0.001 0.208
Gingival index (GI) r 1.000 —0.509
p 0.075
BEWE r 1.000
p

Spearman’s rho correlation. *P < 0.05. **P < 0.01. BEWE: basic erosive wear examination; Gl: gingival index; PI: plaque index.
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Table 4. The Relationship Between Some Oral Dental Health Findings of the Children in the GERD Group Participating in the Study

(Spearman’s rho)

GERD Spearman’s rho pH Buffering capacity Flow rate (mL/min) Pepsin (pg/mL)
pH r 1.000 0.135 0.685%* —0.642%*
P . 0.618 0.003 0.007
Buffering capacity r 1.000 0.208 0.084
P 0.440 0.758
Flow rate (mL/min) r 1.000 -0.477
P 0.062
Pepsin (pg/mL) r 1.000
P

Spearman’s rho correlation. *P < 0.05. **P < 0.01. GERD: gastroesophageal reflux disease.

operated group, while no significant differences were observed
in salivary parameters.

Discussion

Previous research has evaluated the success of surgical inter-
vention for GERD in children, primarily through survey-based
outcomes related to GERD symptom status and quality of life
for both the children and their families. However, no studies
have been found that examine the postoperative oral health of
children who have undergone surgical treatment for GERD
[36-38].

In this study, it is considered that the oral health of chil-
dren with neurological defects, who constitute 68.8% of the
operated for GERD group, is affected by their condition. These
children frequently encounter acidic gastric fluids in their oral
soft and hard tissues as a consequence of GERD. Furthermore,
the neurological defects characteristic of this group not only
lead to dysfunctions of the oro-muscular system and salivary
glands but also compromise mastication, swallowing effi-
ciency, and oral clearance. These impairments, coupled with
reduced motor coordination and limited self-care ability, sub-
stantially hinder effective oral hygiene practices and increase
the vulnerability of these children to dental plaque accumula-
tion and subsequent oral diseases [39, 40]. These factors may
cause poor oral health in this population. Furthermore, in light

of the prolonged hospitalizations of these children with multi-
ple comorbidities, as well as the significant involvement and
burnout of parents in their care [41, 42], it is imperative to
regularly take care of parents about their children’s oral health.
Promoting awareness through educational programs and en-
suring regular oral health check-ups are crucial. In this context,
since oral health is an inseparable component of overall health,
it is of particular significance in children with neurological im-
pairments and GERD that pediatric dentists are included in the
multidisciplinary teams responsible for diagnosis, treatment,
and long-term follow-up.

Hidas et al reported that children who were fed via gas-
trostomy tubes exhibited a significantly higher prevalence of
dental calculus and a lower incidence of dental caries com-
pared to a control group of healthy children [43]. The absence
of cariogenic nutritional substrates may account for the low
caries indices observed in children who are not orally fed. In
the study conducted by Kumar et al [29] on 51 pediatric pa-
tients with GERD, 17.65% of the children were reported to
have good oral hygiene, 23.53% had moderate oral hygiene,
and 58.85% had poor oral hygiene. Our research demonstrated
that the operated for GERD group were unable to perform self-
brushing due to the presence of concomitant medical condi-
tions, such as neurological disorders. Consequently, their oral
hygiene was maintained by their parents. In the group of chil-
dren with GERD who had undergone surgery, parents reported
that the majority of children with neurological defects did not

Table 5. Comparison of Oral Health Indices and Salivary Parameters Between Children Operated for GERD and Healthy Controls

Operated for GERD (n = 14) Healthy (n = 26) P
dmft/dmfs | lower 1 higher <0.05
DMFT/DMFS | lower 1 higher >0.05
Plaque index 1 higher | lower <0.05
Gingival index 1 higher | lower <0.001
Oral hygiene (tooth brushing) Poor (50% not brushing) Better (73.1% self-brushing) -
Dental visits 50% 84.6% -
Salivary parameters (pH, buffering, flow, pepsin) No significant difference No significant difference NS

GERD: gastroesophageal reflux disease; NS: no significant difference.
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have their teeth brushed. It is imperative to give regular educa-
tion by dentists to enhance parents’ knowledge, awareness, and
habits in this regard.

Our results revealed that the dmft and dmfs indices were
statistically significantly higher in the healthy group compared
to the operated for GERD group. Some studies in the litera-
ture have found that children with GERD experience higher
caries, suggesting that the acid resulting from GERD creates
a favorable environment for aciduric Streptococcus mutans
in the mouth and contributes to the formation of caries [44].
In our study, the children who underwent surgical operations
due to GERD had their operations at an early age, around 5.5
years old. This protected the oral environment from acidic gas-
tric fluids. Additionally, 56.3% of these children were not fed
orally. The lower caries scores observed in the operated for
GERD group may be attributable to factors such as non-oral
feeding, earlier age at surgery, and diet modifications that re-
duce cariogenic exposure. The early age at which surgery was
performed in the GERD group may have limited the potential
impact of erosion on enamel surfaces.

The results of the study demonstrated that the PI and GI
values observed in the operated for GERD group were statisti-
cally significantly higher in comparison to the healthy control
group. These values were observed to be higher in children
who were not fed orally in the operated for GERD group. The
fact that half of the group that had GERD surgery did not brush
their teeth may have contributed to the worsening of the cur-
rent situation. Based on the available data, it is postulated that
the accumulation of dental plaque and calculus in the oper-
ated for GERD group, coupled with the presence of various
swallowing and movement disorders, has an adverse impact on
periodontal health. Higher PI and GI scores were more closely
associated with neurological impairment and inadequate oral
hygiene, representing modifiable risk factors. Research find-
ings suggest that children who are fed through a gastrostomy
tube exhibit a higher accumulation of dental calculus com-
pared to healthy children, which may potentially lead to aspi-
ration pneumonia in these children [43, 45].

Prevalence of dental erosion in pediatric populations
ranges from 15.1% to 82.3% [29, 46—49]. A meta-analysis
published in 2022 reported the prevalence of dental erosion
in preschool children to be 38.38% [50]. Similarly, in our
study, signs of tooth erosion were observed in 38.5% of the
children in the healthy group. In addition, several studies in
both children and adults have shown a significant association
between GERD and dental erosion [28, 44, 51-53]. The dif-
ferences between the data obtained in our study and the results
of other studies may be due to variations in the indices used to
evaluate dental erosion, differences in age groups, and sam-
ple sizes. In addition, in our study, the maxillary anterior teeth
were found to be most affected by erosive tooth wear in both
groups, which supports the findings of Shaik et al [49, 54]. In
our study, elevated BEWE scores, however, appear to reflect
prior long-term reflux exposure and are less likely to be revers-
ible following surgery.

A study conducted in Israel examined the oral health status
of children who were fed via gastrostomy tubes. The findings
indicated that these children exhibited higher levels of dental
calculus, fewer dental caries, and lower levels of Streptococ-

cus mutans and Lactobacillus in their saliva [43]. The study
reported that children with neurological defects who were fed
via gastrostomy tubes exhibited no dmft/DMEFT scores, a find-
ing that aligns with the results of Cardona-Soria’s research
[45]. Our findings are consistent with earlier studies, which
likewise demonstrated zero dmft/DMFT scores in children
with GERD who were not fed orally. In children who are not
orally fed, the absence of fermentable carbohydrates in the oral
environment may limit the acid production of bacteria, thereby
inhibiting the development of caries.

Singh et al reported mean (£ SD) unstimulated salivary
pH as 7.2 (= 0.24) and buffering capacity as 6.07 (+ 0.53) in
80 healthy children aged 4 to 8 years [55]. Pachori et al found
mean saliva pH values of 7.23 (£ 0.18) and buffering capacity
0f9.34 (+1.507) in 50 healthy children aged 8 to 12 years [56].
The study published by Akleyin et al in 2022 recorded sali-
vary pH values as 6.89 (+ 0.44) and buffering capacity as 7.6
(£ 2.27) in 10 children [57]. Preethi et al found mean (+ SD)
salivary pH as 7.07 (£ 0.43) and a buffering capacity of 5.32
(£ 0.40) in their study of 120 participants aged 7 to 14 years.
These results are similar to those found in our current study
[58]. The flow rates of unstimulated saliva in healthy children
aged 4 to 12 years were reported by Lopez et al [59] as 0.25 (+
0.13) mL/min, by Animireddy et al [60] as 0.43 (= 0.09) mL/
min, and by O’Sullivan et al [61] as 0.44 (= 0.03) mL/min. On
the other hand, Forcella et al [62] reported a salivary flow rate
of 0.76 mL/min in children aged 6 to 15 years.

Reasons for the variable results of salivary parameters
measured in studies of younger samples include difficulties in
obtaining cooperation during the saliva collection procedure in
the pediatric age group, differences in saliva collection meth-
ods, uncertainty in the timing of saliva collection according to
circadian rhythms, wide age ranges within the pediatric sample
group, investigator interpretation of the evaluation kits, and
differences in adherence to manufacturers’ instructions during
the measurement process [61].

The presence of the enzyme pepsin in the esophagus and
supra-esophageal tissues, outside the stomach, is considered
an indicator of a GER episode [63]. Researchers use salivary
pepsin levels to diagnose GERD and evaluate the success of
treatments [25, 21, 64-69]. In our study, we employed an ELI-
SA test with a sensitivity of 37.5 pg/mL for the quantitative
analysis of pepsin, which was not utilized in other studies. This
decision was based on the proven success of surgical treatment
in the operated for GERD group and the anticipation that phys-
iological GER episodes in healthy children would carry small
amounts of pepsin into the oral cavity.

In a study conducted on the pediatric population, Fortuna-
to et al employed the sandwich ELISA method to analyze pep-
sin levels in samples from children with GERD and a control
group. The results indicated that the mean pepsin levels in the
GERD group were 22 + 540 ng/mL, while the control group
exhibited levels of 36 + 210 ng/mL [70]. In a study conducted
by Mozheiko et al (2023), a similar sandwich ELISA method
was employed, and pepsin levels in the GERD group were re-
ported to be 456.8 £ 56.9 pg/mL in saliva, while in the healthy
group, they were 28.5 = 11.6 pg/mL [71]. Salivary pepsin con-
centration was analyzed using the sandwich ELISA method. In
our study, the average salivary pepsin concentration in the op-
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erated for GERD group was found to be 95.219 + 154.250 pg/
mL, whereas it was 104.923 + 193.869 pg/mL in the healthy
group. The average pepsin concentration in the operated for
GERD group was lower than that in the healthy group, and
there was no statistically significant difference in pepsin con-
centrations between the two groups. The data obtained from
our study indicated that, despite the meantime of 24.8 + 13.7
months having elapsed since the surgical treatment of GERD,
the operated for GERD group exhibited lower concentrations
of the pepsin enzyme compared to the healthy control group.
This finding indicates that salivary pepsin concentrations may
decline following Nissen fundoplication. However, compara-
tive studies evaluating pre- and post-preparative pepsin levels
are needed to have a firm conclusion.

The literature includes studies examining oral health find-
ings related to GERD across a wide age range [29]. Addition-
ally, researchers have investigated salivary pepsin concentra-
tions both before and after surgical intervention for GERD,
highlighting its potential as a reflux biomarker [72]. To the
best of our knowledge, our study represents the inaugural de-
scriptive research in the literature to provide comprehensive
data on the oral health status of pediatric patients following
surgical intervention for GERD. The study comprises a com-
prehensive survey of the child and their family history, an in-
depth oral health examination utilizing a range of indices, and
an analysis of multiple standardized salivary parameters that
could impact oral health.

The associations between pepsin levels and oral param-
eters observed in our study are noteworthy. Specifically, sali-
vary pepsin concentrations showed a positive correlation with
both BEWE and PI scores, suggesting a potential link between
reflux severity and oral health deterioration. Most correlations
were not statistically significant, likely reflecting limited sam-
ple size. The significant correlation between dmft and dmfs is
expected because both capture caries experience. It is notewor-
thy that the acidic gastric contents—responsible for irrevers-
ible erosion of dental hard tissues—can be weakly associated
with the presence of pepsin enzyme in the oral cavity, which
functions as a biomarker of reflux. The positive associations
between salivary pepsin, BEWE, and PI warrant confirmation
in larger cohorts. These findings highlight the need for future
studies with larger samples and prospective designs to clarify
the clinical implications of salivary pepsin as a biomarker in
pediatric patients.

The healthy control group in this study consisted of chil-
dren admitted for any reason to the pediatric dental clinic. Al-
though 3% were referred due to caries, this finding appears
consistent with national epidemiological data indicating a high
prevalence of dental caries among Turkish children. Accord-
ing to the 2018 Turkish National Oral Health Survey, caries
prevalence was 66.2% in 5 years old, 54.7% in 12 years old,
and 69.4% in 15 years old children [73]. These figures suggest
that the “healthy” group reflects the general pediatric popula-
tion in Turkey, thereby supporting the representativeness of the
control sample. The main limitations of this study include the
limited sample size, insufficient cooperation of young children
or those with medical problems during oral examinations and
saliva collection, and the use of a dental erosion index that
does not differentiate between primary and permanent teeth.

In addition, for some salivary parameter evaluations, patient-
side methods were used instead of laboratory analyses. Fur-
thermore, patients in the operated for GERD group underwent
surgery at different times until 2023, resulting in different du-
rations since their surgical intervention. Therefore, salivary pa-
rameters and oral health status could not be directly correlated
with the surgical procedure. There is a need for studies that
evaluate pre- and postoperative conditions to assess the impact
of surgical intervention on GERD symptoms. Finally, due to
the limited number of studies on this topic, there are few re-
sources available to compare and evaluate research findings.

Conclusions

This study evaluated the oral and dental health status, salivary
parameters, and pepsin concentration of 16 pediatric patients
who underwent surgical treatment for GERD and compared
them with 26 healthy children of similar age and gender char-
acteristics. In the operated for GERD group, the mean dmft/
dmfs and index were lower, while the mean PI and GI were
higher compared to healthy children, and these differences
were statistically significant (P < 0.05). In addition, 56.3% of
the children in the operated for GERD group were not orally
fed. In the non-orally fed children in this group, the dmft/dmfs
and DMFT/DMES indices were zero. The mean pepsin con-
centration in the operated for GERD group was lower than in
the healthy group, but there was no statistically significant dif-
ference in pepsin concentration between the two groups.

Oral health is an integral part of overall health. Especially
in conditions where neurological defects and GERD are ob-
served, it is essential to include pediatric dentists in the team
that diagnose, treat, and monitor these conditions. This col-
laborative approach enables early diagnosis and treatment
planning in dentistry. Therefore, these children should be re-
ferred to dentists by their physicians at an early stage. In these
cases, a holistic approach to diagnosis and treatment is crucial.
Within a multidisciplinary framework, the pediatric dentist
should be included in this group. More comprehensive stud-
ies are needed to evaluate the impact of GERD on oral health.
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