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Gastro-oesophageal reflux is common in
oligosymptomatic patients with dental erosion:
A pH-impedance and endoscopic study

Clive H Wilder-Smith1,2, Andrea Materna1, Lukas Martig3 and Adrian Lussi2

Abstract
Background: Dental erosion is a complication of gastro-oesophageal reflux disease (GORD) according to the Montreal

consensus statement. However, GORD has not been comprehensively characterized in patients with dental erosions and

pH-impedance measures have not been reported.

Objectives: Characterize GORD in patients with dental erosions using 24-h multichannel intraluminal pH-impedance meas-

urements (pH-MII) and endoscopy.

Methods: This single-centre study investigated reflux in successive patients presenting to dentists with dental erosion using

pH-MII and endoscopy.

Results: Of the 374 patients, 298 (80%) reported GORD symptoms <2 per week, 72 (19%) had oesophagitis and 59 (16%)

had a hiatal hernia. In the 349 with pH-MII the mean percentage time with a pH <4 (95% CI) was 11.0 (9.3–12.7), and 34.4%

(31.9–36.9) for a pH <5.5, a critical threshold for dental tissue. The mean numbers of total, acidic and weakly acidic reflux

episodes were 71 (63–79), 43 (38–49) and 31 (26–35), respectively. Of the reflux episodes, 19% (17–21) reached the proximal

oesophagus. In 241 (69%) patients reflux was abnormal using published normal values for acid exposure time and reflux

episodes. No significant associations between the severity of dental erosions and any reflux variables were found. The

presence of GORD symptoms and of oesophagitis or a hiatal hernia was associated with greater reflux, but not with

increased dental erosion scores.

Conclusions: Significant oligosymptomatic gastro-oesophageal reflux occurs in the majority of patients with dental erosion.

The degree of dental erosion did not correlate with any of the accepted quantitative reflux indicators. Definition of clinically

relevant reflux parameters by pH-MII for dental erosion and of treatment guidelines are outstanding. Gastroenterologists

and dentists need to be aware of the widely prevalent association between dental erosion and atypical GORD.
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Introduction

Gastro-oesophageal reflux (GORD) is associated with
extra-oesophageal pathology, as defined by the
Montreal global consensus statement on GORD.1

Dental erosion, the chemical dissolution of enamel
without bacterial involvement, is considered to be an
established complication of GORD. Patients with
dental erosion are divided into two groups: those with
predominantly oesophageal reflux symptoms who are
primarily consulting physicians, and those with dental
or oral symptoms or signs presenting to dentists. It is
unclear if these groups are comparable regarding their
reflux characteristics, but it is likely that patients

primarily presenting to dentists have more silent or oli-
gosymptomatic reflux. The reported prevalence of
dental erosion varies between 17–68% of patients
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with symptomatic GORD, and GORD has been
demonstrated in 25–83% of patients presenting with
dental erosion, many of whom are children.2–17 The
prevalence of distinct erosive tooth wear in 3187
European adults aged 18–35 years was 29%.18

Median prevalence rates of 24% for dental erosion in
GORD patients and of 32.5% for GORD in dental
erosion patients have been suggested in an earlier
review.19 The large prospective, longitudinal
ProGERD study demonstrated extra-oesophageal
reflux-associated disorders in 32.8% of 6215 patients
with heartburn and in 34.9% of patients with erosive
GORD.20 However, we are not aware of any compre-
hensive characterization of reflux with pH-impedance
monitoring in oligosymptomatic patients with dental
erosion.

GORD is confirmed using oesophageal pH-metry,
and proximal oesophageal and weakly acidic reflux
can now be quantified with 24-h multichannel intralum-
inal pH-impedance measurements (pH-MII). Normal
values have been established for diagnostic and treat-
ment purposes, which include the percentage of time
with a pH <4, and the number and duration of acidic
and weakly acidic reflux episodes in the distal and
proximal oesophagus.21,22 Current guidelines relate pri-
marily to oesophageal GORD and not to extra-
oesophageal pathology, including dental erosion,
where different tissue sensitivity applies and weakly or
non-acidic and proximal reflux will be of greater
importance. Consequently, the association between
gastro-oesophageal reflux and dental erosion remains
poorly defined and no diagnostic, prevention or treat-
ment guidelines exist.

The development of dental erosion secondary to
repeated or prolonged exposure to gastric secretions
comprises three main phases: the loss of the protective
tooth pellicle, the demineralization of enamel at a pH of
5.5 and below, dependent on the local availability of
calcium and phosphate in saliva or in the solution sur-
rounding the teeth (e.g. gastric juice), and the advanced
structural matrix changes in the underlying dentine
with open dentinal tubules23,24 (Figure 1). It should
be noted that a minor degree of tooth wear is physio-
logical with age and that a tool for quantifying patho-
logical erosive tooth wear, the Basic Erosion Wear
Examination (BEWE), has recently been validated.25

The consequences of dental erosion with permanent
loss of tooth substance are hypersensitivity and func-
tional and aesthetic impairment. Figure 2 shows the
destruction of teeth due to nocturnal reflux. The costs
of dental reconstructive work relating erosion can easily
reach several E10,000s.

The aims of the current large, observational study in
patients presenting to dentists with dental erosion were
to characterize GORD using endoscopy and oesopha-
geal pH-impedance testing and to investigate associated
factors.

Methods

Consecutive patients presenting to the Department of
Preventive, Restorative and Pediatric Dentistry,
University of Bern, and affiliated dentists between
2009 and 2012 with dental erosion, defined by a Lussi
score >1 or a BEWE >8, were referred to the
Gastroenterology Group Practice for evaluation of

Figure 1. Scanning electron microscope photographs of a human molar tooth with (a) dental erosion; (b) detail of the affected area

clearly showing the exposed and open dentinal tubules.
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GORD after exclusion of non-reflux causes of erosion
by detailed medical history, dental examination, a stan-
dardized dietary diary, and measurement of salivary
flow and buffering capacity using standard proced-
ures.25,26 Patients with a history of bruxism, eating dis-
orders, recurrent vomiting, severe obesity

(BMI> 35 kgm�2) or past bariatric surgery (because
of probably increased GORD prevalence), and dietary
or abrasive causes for dental erosion were excluded. All
patients were seen by a dedicated team of dentists experi-
enced in the diagnosis of erosion, and the severity of
erosion was graded using the BEWE once this was

Figure 2. Lower molar and premolar teeth of a patient with nocturnal reflux. The normal occlusal morphology is replaced by grooves.

The exposed dentin (yellowish parts) caused hypersensitivity. The buccal aspects also show severe erosive tooth wear.
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clinically implemented in 2012.25 Briefly, the BEWE is a
simple scoring system based on the Lussi scoring and
quantifies the size of a given lesion as a percentage of
the surface affected. All teeth (vestibular, occlusal and
palatal surfaces) except third molars are graded. The
dentition is divided into sextants, the most severe score
in a sextant is recorded, and a cumulative score from all
sextants (maximum¼ 18) is calculated and represents
the index value. Further, high-quality photographs of
the teeth are recorded. Upon referral, every patient
was examined by the same senior gastroenterologist
(CWS), reflux symptoms were assessed by interview
and the Reflux Disease Questionnaire and oesophago-
gastro-duodenoscopy with gastric and, if clinically indi-
cated, oesophageal biopsies and subsequent 24-h
oesophageal pH-MII (Ohmega, MMS, Enschede,
Holland) were performed.27 The single-use pH-MII
catheter with impedance measurement sites at 3, 5, 7,
9, 15 and 17 cm and a distal pH sensor at 5 cm
(pHersaflex, Sierra Scientific Instruments, Los Angeles,
USA) above the lower oesophageal sphincter was intro-
duced transnasally after an overnight fast and placed
with the pH sensor at 5 cm proximal to the oesophago-
gastric junction. Patients were instructed to perform
their normal daily activities, eat and drink as usual,
and document lying down, eating and drinking or
reflux symptoms using the datalogger’s event markers.
Any patients on antisecretory medication discontinued
their dosing 10 days before the pH-MII recording. The
numbers of all (pH <7), acidic (pH <4) and weakly
acidic (pH> 4 and < 7) reflux episodes, the percentage
time with pH <4 and <5.5, the percentage of proximal
reflux episodes (reaching 15 cm above the gastro-oeso-
phageal junction) in the total 24 h, the DeMeester score
and the symptom associations by symptom association
probability (SAP) >95% were analysed.21,28 Patients
with a pH <4 for more than 5% of the measurement
period or more than 75 total (acidic plus weakly
acidic), 50 acidic and 33 weakly acidic reflux episodes
at 5 cm and more than 30 total reflux episodes at 15 cm
above the gastro-oesophageal junction were considered
to have increased reflux.22 As this was a study analysing
coded clinical data with no additional research-related
procedures, no Institutional Ethics Board approval was
required at the time. All authors had access to the study
data and reviewed and approved the final manuscript.

Statistical analysis

Analyses were performed with the statistical Software
R, Version 2.15.1 (http://www.R-project.org,
Revolution Analytics, Vienna, Austria, 2008). The
mean and 95% confidence intervals of normally distrib-
uted variables, and medians and interquartile ranges of
non-normally distributed or non-continuous data are

shown. The association between the percentage time
with pH <4 and <5.5, age, the total, acid and weakly
acid number of reflux episodes, the percentage of reflux
episodes reaching 15 cm above the lower oesophageal
sphincter (proximal reflux), the DeMeester score, and
the BEWE score were assessed in those with complete
data using the Spearman rank correlation test. The
relationship between the presence of a hiatal hernia
(yes/no), gender, the presence of GORD symptoms
more than twice per week (yes/no) and BEWE scores
were assessed using the exact Wilcoxon test for dichot-
omous variables. As this study was the first impedance
study in dental patients, the analysis was explorative
and correction for multiple testing was not performed.
In case of significant associations of the above variables
with erosion grades a multivariate analysis was
planned. However, as none were found, this analysis
was not performed.

Results

A total of 374 successive patients were accrued from
January 2008 to December 2012 and endoscopy was
performed in all. pH-impedance was evaluable in 349
patients, as 15 patients had poor tolerance of the cath-
eter, but their endoscopic data is included in the ana-
lysis. Patient gastrointestinal and dental characteristics
are shown in Table 1.

Reflux symptoms

The median RDQ scores are shown in Table 1. Scores
between 0 and 6 were reported in 275 patients (74%)
and scores between 7 and 14 in 99 patients (26%). Of all
patients, 274 (73%) had regular reflux symptoms less
than once per week, 24 (6%) had symptoms between

Table 1. Baseline characteristics of 349 successive patients

presenting with dental erosion and with 24-h intraluminal

pH-impedance measurements

Baseline characteristic Value

Gender: male/female (n) 222/127

Age: years (mean, 95% CI) 35.1 (33.9–36.3)

GORD symptoms >2 per week (n) 76 (20%)

Reflux disease questionnaire score

(median (interquartile range))

3 (1–5)

Previous PPI use 0

BEWE score

(median and interquartile range)*
13 (11–16)

*Available in last 162 patients. BEWE, basic erosive wear examination25

(values of 9–13 are considered medium, >13 as extensive erosive disease);

GORD, gastro-oesophageal reflux disease; PPI, proton pump inhibitor.
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once and twice per week and 76 (20%) had reflux symp-
toms more than twice per week. None had previously
received proton pump inhibitors.

Endoscopic findings

A hiatal hernia was found in 59 patients (16%),
oesophagitis in 72 (19%) (grade A in 69, grade B in 3
according to Los Angeles classification), a gaping
cardia in 48 (13%), gastritis in 19 (5%) and
Helicobacter pylori in 4 (1%) patients.

pH-impedance results

Table 2 shows the group results of pH-impedance
measurements in the 349 patients. The numbers of

patients with abnormal results compared to published
normal values in Western Europeans are shown
in Table 3.22 Using the individual reflux criteria,
31–56% had abnormal reflux. If any of the classic pub-
lished reflux criteria were applied, i.e. the percentage
time with a pH <4 or the number of reflux episodes,
241 patients (69%) had abnormal reflux. Only three
patients reported any GORD symptoms during pH-
MII, obviating calculation of symptom associations.

Associations between gastrointestinal variables
and dental erosion

The median BEWE score (IQR) was 13 (11–16) in the
162 patients scored when the new score became avail-
able. There was no significant correlation between
BEWE scores and the percentage time with pH <4 or
with pH <5.5, and the total, acidic, weakly acidic and
proximal numbers of reflux episodes (all r <0.12 and
p >0.39) in these 162 patients. The post hoc dichotom-
ous analysis showed corresponding results, as the
median BEWE scores were not significantly different
in patients with normal (<5%) or increased percentage
time with pH <4 (12.0 (11–15) and 12.5 (11–15),
respectively, p¼ 0.76), or with normal (<75) or
increased total number of reflux episodes (13 (10–16)
and 12 (10–14), respectively, p¼ 0.26). The only vari-
able with any significant, albeit weak, correlation with
the dental erosion grading was age (r¼ 0.17, p¼ 0.04).

The percentage time with pH <4 and with pH <5.5
were highly positively correlated (r¼ 0.76, p< 0.0001)
in all 349 patients with pH-MII measurement, as the
first variable is a subset of the second. There was a close
correlation between the total number of reflux episodes
and the numbers of acid (r¼ 0.82, p< 0.0001), weakly
acid (r¼ 0.78, p< 0.0001) reflux episodes and a weak
correlation with the percentage of proximal reflux
(r¼ 0.17, p¼ 0.04), indicating a parallel increase of all
types of reflux episodes.

Post hoc analysis showed that patients with GORD
symptoms more than twice per week had a significantly
greater time with a distal pH <4 and <5.5, as well as
proximal reflux, but similar median BEWE scores
(p¼ 0.26) to those with symptoms less than twice per
week (Table 4). Patients with endoscopic demonstra-
tion of a hiatal hernia or oesophagitis had a signifi-
cantly greater time with a distal pH <4 and <5.5
than those without, but their median BEWE scores
were similar (p¼ 0.25) (Table 4). Gender did not have
a significant association with BEWE scores (p¼ 0.29).

Discussion

This large series of endoscopic and pH-MII examin-
ations revealed significant, but largely silent gastro-

Table 3. Number and percentage of 349 patients with increased

pH and impedance results compared to published normal values

for oesophageal GORD.22

Number (%)

Increased percentage time with pH <4 193 (55)

Increased DeMeester score 198 (56)

Increased number of all reflux

episodes (pH <7)

148 (42)

Increased number of acidic reflux

episodes (pH <4)

167 (48)

Increased number of weakly acidic reflux

episodes (pH >4–pH <7)

120 (35)

Increased number of proximal reflux episodes 108 (31)

Any of the following increased: percentage time

with pH <4, or number of all, acidic, or weakly

acidic reflux episodes

241 (69)

‘Distal’ refers to 5 cm, and ‘proximal’ to 15 cm above the lower oesophageal

sphincter. Any of the following increased: percentage time with pH <4, or

number of all, acidic, or weakly acidic reflux episodes 241 (69%).

Table 2. pH-impedance results in patients presenting with dental

erosion. Means and 95% confidence intervals are shown

Result (n¼ 349)

Time with pH <4 (%) 11.0 (9.3–12.7)

Time with pH <5.5 (%) 34.4 (31.9–36.9)

DeMeester score 44.1 (25.5–62.7)

Number of all reflux episodes (pH <7) 71 (63–79)

Number of acidic reflux episodes (pH <4) 43 (38–49)

Number of weakly acidic reflux

episodes (pH >4–pH <7)

31 (26–35)

Percentage proximal reflux (15 cm above

lower oesophageal sphincter)

19 (17–21)
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oesophageal reflux in patients presenting to dentists
with dental erosions. Only 20% of all patients reported
minor GORD symptoms more than twice per week,
73% experienced GORD less than once per week and
none reported previous PPI use. This low level of
GORD symptoms was reflected in the very low
median RDQ score of 3. Endoscopic findings of
reflux were within the range of previous studies in
healthy volunteers, except for a slightly higher rate of
oesophagitis (19%).29,30 Distal and proximal, acidic
and weakly-acidic reflux were increased in between
31–56% of patients with dental erosion (Table 3)
using normal values established for oesophageal reflux
disease in Western Europeans.22 If any of the classic
published reflux criteria were applied, i.e. the percent-
age time with a pH <4 or the number of reflux episodes,
69% of patients had abnormal reflux. No significant
associations between the severity of dental erosions
and any reflux variables were found. Age correlated
very weakly, albeit significantly with the BEWE scores.

It is evident that a substantial subgroup of patients
presenting with dental erosions and after exclusion of
other known causes of erosions have oligosymptomatic
reflux potentially responsible for their dental tissue loss.
However, none of the standard evaluation criteria for
classic GORD by pH-MII or of predisposing anatom-
ical factors correlated with the severity of the dental
erosions. There are several possible underlying reasons,
besides the uncertainties of cross-sectional sampling.
The standard reporting criteria for GORD do not
reflect the sensitivity threshold of dental tissue,
which demineralizes at a pH of below 5.5 or 6 in an
environment of decreased remineralization.23

Demineralization, therefore, occurs at a relatively
high pH, but is also dependent on other factors in the
oral milieu, such as mineral content of the saliva. The
salivary flow rate and buffering capacity were normal in

all our patients, but this does not exclude other salivary
abnormalities. Additional factors in refluxate, such as
proteases and bile, may well play a role in the induction
of tissue damage. Pepsin shows proteolytic activity up
to a pH of 6 and salivary pepsin tests have shown
increased pepsin concentrations in patients with
GORD and GORD-related supra-oesophageal pathol-
ogies.31–34 In a recent ex vivo study the additive erosive
effects of pepsin and trypsin on teeth were shown.35

Further elaboration of the interaction of the erosive
effects of acid with other salivary factors is needed.
An additional factor contributing to the lack of associ-
ation between the reflux characteristics measured by
pH-MII and the degree of dental erosions is the diffi-
culty of correlating acute measures of 24-h duration
with effects of longstanding reflux. Loss of dental
tissue occurs very gradually, with less than 15 mm per
6 months reflecting normal tooth wear and 30–40mm
loss annually constituting severe erosion.36 Clearly,
macroscopically visible erosions are preceded by a pro-
tracted period of erosive and demineralizing forces.
Furthermore, quantification of proximal oesophageal
or even pharyngeal reflux is unlikely to linearly reflect
surface dental pH. The most accurate assessment of the
relationship between acidity and erosion would be pH
measurements on the dental surface or in the dental
acid pocket, however this is impractical to perform
in vivo.37,38 Nonetheless, weakly significant correl-
ations between distal oesophageal and oral pH, oral
acid exposure and palatal dental erosions have been
previously described, albeit using inadequately vali-
dated pH measures.7

Earlier studies have variably asserted a bidirectional
association between dental erosion and reflux disease,
but the link has remained tenuous for several reasons.
These include the definition of GORD based solely on
symptoms, on pH thresholds developed for

Table 4. pH-impedance results and dental erosion grades (BEWE) in patients sub-grouped according to clinical presentation

Frequency of GORD symptoms Presence of oesophagitis

<2/week (n¼ 273) >2/week (n¼ 76) No (n¼ 277) Yes (n¼ 72)

Percentage time with pH <4* 8.9 (7.0–10.8) 16.8 (14.4–19.2)1 9.4 (10.7–8.1) 13.4 (11.1–15.7)1

Percentage time with pH <5.5* 33.8 (31.5–36.1) 38.5 (36.1–40.9)2 29.1 (25.8–32.4) 40.8 (35.4–46.2)1

All reflux episodes* 71 (60–81) 71 (51–91) 71 (61–80) 68 (52–83)

Acidic reflux episodes* 43 (36–50) 44 (30–58) 43 (36–49) 39 (29–48)

Weakly acidic reflux episodes* 31 (25–37) 27 (17–36) 31 (26–36) 29 (18–40)

Percentage proximal reflux episodes* 17 (14–20) 27 (25–29)2 18 (15–21) 24 (20–28)

BEWE score# (n¼ 162) 13 (10–16) (n¼ 130) 12 (10–14) (n¼ 32) 12 (10–16) (n¼ 132) 14 (12–17) (n¼ 30)

1With versus without p< 0.001.
2with versus without p< 0.05.

*means and 95% confidence intervals.
#medians and interquartile ranges.
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oesophageal disease and unsuitable for dental tissue, on
poorly validated proximal oesophageal pH-metric tech-
niques and small study size. Weakly acidic reflux has
until now not been assessed, nor has pH-MII been
reported in dental erosions. A review by Pace et al.
summarized available studies up to 2008 and nonethe-
less concluded that there is a strong association
between GORD and dental erosion.19 In a pertinent
dental review in 2012, Ranjitkar et al. stated that sus-
picion of an endogenous source of acid being associated
with tooth erosion requires medical referral and man-
agement of the patient as the primary method of its
prevention and control.39 Our data confirm the pres-
ence of ongoing GORD in a large subset of dental ero-
sions patients, but also highlight the difficulty of
applying classic GORD measures to extra-oesophageal
manifestations. A clear limitation of the current study is
the absence of a local control group without dental
erosions, necessitating comparison with a published,
albeit Northern European and very similarly aged con-
trol group.22 Potential differences in diet and BMI,
amongst other factors, could therefore not be con-
trolled for.

In summary, acidic and weakly acidic reflux was
increased in 69% of oligosymptomatic patients with
dental erosion using oesophageal GORD criteria.
None of the classic measures of GORD by 24-h pH-
MII correlated with the degree of dental erosion.
Further definition of clinically relevant reflux param-
eters by pH-MII for dental erosion and of treatment
guidelines are required. Gastroenterologists and den-
tists need to be aware of the widely prevalent associ-
ation between oligosymptomatic dental erosion and
GORD.
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