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Abstract

Objectives—The relationship between tooth erosion (TE) and gastroesophageal reflux (GER) in 

children has not been clearly established and there are no studies to determine the relationship 

with refluxate height, non-acid reflux and erosions. The aim of this study was to determine the 

relationship between TE and acid and non-acid GER measured using combined pH and 

multichannel intraluminal impedance (pH-MII).

Methods—We conducted a prospective cohort study of children presenting for pH-MII testing. 

Once consented, patients completed questionnaires about their reflux symptoms and diet, and then 

underwent pH-MII catheter placement and a dental examination. The Keels-Coffield erosion index 

was used to score extent and severity of TE. Reflux parameters of patients with and without TE 

were compared using Student's t test.

Results—Twenty-seven patients participated in the study, all of whom were on acid suppression 

at the time of pH-MII testing. Ten out of 27 patients (37%) had TE. There were significant 

positive correlations between acid reflux episodes (r=0.44, p=0.02), the % time that acid reflux 

was present in the distal esophagus (r=0.44, p=0.02), and reflux index (r=0.54, p=0.004) with 

number of TE in a given patient. The % time that acid reflux was present in the proximal 

esophagus was positively correlated with the number of teeth erosions per patient with borderline 

significance (r=0.38, p=0.05).

Conclusions—There was a positive correlation between acid reflux parameters and TE. Acid, 

rather than non-acid reflux, seems to have a significant role in the pathogenesis of TE.

Address for correspondence: Rachel Rosen, MD, MPH, rachel.rosen@childrens.harvard.edu, Division of Gastroenterology and 
Nutrition, Boston Children's Hospital, 300 Longwood Ave, Boston, MA 02115, Phone: 617-355-6055, Fax: 617-730-0043.
*Drs. Ganesh and Hertzberg shared first authorship
¶Drs. Rosen and Needleman shared senior authorship
Meenakshi Ganesh drafted the manuscript, performed analyses and approved of the final version of the manuscript.
Anne Hertzberg assisted with study design, recruited patients, performed the dental exams, distributed questionnaires, data entry, and 
approved of the final version of the manuscript. Samuel Nurko assisted with data analysis, performed the analyses and approved of the 
final version of the manuscript.
Howard Needleman assisted with study design and approved with the final version of the manuscript.
Rachel Rosen analyzed the impedance studies, performed data entry and analysis, assisted with drafting of the manuscript and 
approved of the final version of the manuscript.

HHS Public Access
Author manuscript
J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2017 February 01.

Published in final edited form as:
J Pediatr Gastroenterol Nutr. 2016 February ; 62(2): 309–313. doi:10.1097/MPG.0000000000000927.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Gastroesophageal reflux disease (GERD) is a common problem in childhood, occurring in 

approximately 2-25% of the general pediatric population.1,2 GERD has been implicated in 

certain atypical or extra-esophageal symptoms (EES), such as chronic cough, asthma 

exacerbations, non-cardiac chest pain, and tooth erosion (TE) although it has been debated 

as to whether these symptoms are caused by gastroesophageal reflux (GER)3. The 

relationship between GER and TE is particularly challenging to establish as tooth enamel 

damage occurs over a long period of time and is influenced by a number of factors. As a 

result, current methods of testing GER over a 24-hour period may not adequately capture the 

long-term oral environment. Furthermore, reliance on symptoms alone to diagnose reflux 

related TE is inadequate, as GERD is frequently silent.

Prior studies exploring the association of TE with GERD have utilized either 

questionnaires4, physician diagnosis5-7 or pH-metry 4,8,9 for the diagnosis of GERD. While 

the majority of adult studies showed a positive correlation between GERD and TE, studies 

in children have had mixed results4-6,8,10-12. Studies based on symptoms of GERD showed a 

positive correlation5,6, while those based on pH-metry were equivocal8. Symptoms of 

GERD in children are non-specific, thus limiting the diagnostic yield of questionnaires13. 

pH-metry, which is an objective tool for assessing pathological gastroesophageal reflux, 

does not detect non-acid reflux, which is very common in children14. With the advent of 

combined pH and multichannel intraluminal impedance (pH-MII), which is now considered 

the gold standard diagnostic technique for GERD, both acid and non-acid reflux episodes, 

and the height of reflux, can be measured15-17. Recent data based on pH-MII studies suggest 

that non-acid reflux has a pathogenic role in extraesophageal symptoms but whether it plays 

a role in the development of dental erosions is not known.18,19 However, some studies have 

shown that fluid with a pH 4-5.5 may contribute to dental erosions and detection of refluxate 

in this pH range is only possible with pH-MII testing20,21. Furthermore, because 2 channel 

pH probes with a distal and proximal pH sensor are notoriously inaccurate, pH-MII studies 

must be performed to determine the relationship between proximal reflux and dental 

erosions22,23. Therefore, to address the current limitations in the literature, we performed 

this prospective study using pH-MII to determine the relationship between full column, acid 

and non-acid reflux episodes and TE.

Methods

This was a prospective cohort study of children of age 3 years or older who were scheduled 

to undergo 24-hour pH-MII testing for suspected GERD. Children with significant 

neurologic impairment were excluded. Once informed consent was obtained, the parents 

were asked to complete an extensive dental questionnaire, which included such items as 

history of dental procedures, bruxism, and dietary history. The subjects then underwent a 

mirror and explorer dental exam by a single dental provider (AH) who was blinded to their 

symptoms, indication and results of the pH-MII study. Digital intra-oral photographs were 

taken, and the exam, including details of attrition, erosions, dental caries and restoration, 

was recorded on a standardized form. If TE was present, the location, severity, and the 

number of teeth affected were recorded. The severity of TE was then scored based on Keels-
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Coffield index 24. The index classifies TE as follows: Level 0/None (no erosions); Level 1/

Mild (only the cusp tips are affected and shallow “moon craters” may be present); Level 2/

Moderate (deep “moon craters” or depressions are present and may coalesce); and Level 3/

Severe (teeth are slick with little or no anatomy present, and with possible pulpal 

exposures). Figure 1 illustrates these levels of erosion in a patient. Each subject was 

assigned an erosion level based on the most severe erosion in any one tooth. The total 

number of TE per patient was calculated, as well as the number of maxillary, mandibular, 

anterior and posterior TE. The patient then underwent pH-MII testing using external 

reference Sandhill Scientific pediatric and adult catheters (depending on the size of the 

patient). If the patient was on prior acid suppression, it was continued during the study, as 

was standard practice at our hospital at the time of the study. All subjects had a minimum of 

20 hours of pH-MII recording (Sleuth Recording Device, Sandhill Scientific, Denver, CO), 

with a minimum of 3 meals during the study period with instructions to avoid acidic foods 

including apple and orange juice, as well as carbonated beverages.

A single gastroenterologist, (RR), who was blinded to the results of the dental exam, 

reviewed the pH-MII studies. The studies were initially autoscanned using Bioview Analysis 

Software (Sandhill Scientific, Denver, CO, version 5.3.4) and reviewed manually by RR to 

delete any false positive and to identify reflux events missed by the analysis software. 

Reflux episodes were classified as acid, non-acid, or pH-only episodes. A reflux episode 

was defined as a retrograde drop in impedance by >50% of baseline in 2 distal channels. pH-

only episodes were defined as episodes detected by the pH sensor only, with drop in pH to 

<4 for ≥5 seconds. Full column reflux was defined as an episode that reached the highest 

pair of impedance sensors. Bolus clearance time (BCT) was defined as the time from drop in 

impedance to 50% of its baseline value to recovery to baseline value in the distal most 

impedance sensor16. The percentage of time that reflux was in the proximal esophagus was 

defined as the cumulative BCT of the proximal extent of each reflux episode divided by the 

total study duration. The percentage of time that reflux was in the distal esophagus was 

defined as the cumulative BCT of the distal channel for each reflux episode divided by the 

total study duration. The reflux index was defined as the percentage of time with pH<425. 

Abnormal acid exposure was defined as reflux index > 6%26. Abnormal impedance was 

defined as total number of reflux episodes of ≥ 7327.

The Boston Children's Hospital Institutional Review Board approved the study and all 

patients/parents signed a written informed consent to participate.

Statistical Analysis

Results are expressed as means ± standard deviations. Means were compared using t-tests, 

while non-parametric tests were used for data that were not normally distributed. 

Correlations were performed using Spearman correlations. A p value of <0.05 was 

considered significant. SPSS (SPSS Inc. Released 2009. PASW Statistics for Windows, 

Version 18.0. Chicago) was used for statistical analyses. The primary outcome was the 

presence/absence of TE. The primary variables for comparison were reflux parameters 

obtained by pH-MII testing.
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Results

Twenty-seven patients were included in the study and 629 teeth were examined. Subject 

characteristics are described in Table 1. The mean age of patients was 8.6±4.7 years. Fifty 

six percent of subjects were female. TE was found in 10/27 (37%) of the patients. Males 

were more likely than females to have TE (58% vs 20%, p=0.06). The mean duration of 

impedance testing was 23±1.5 hours. Recumbent reflux accounted for 15.2 ±15.4% of all 

reflux episodes. There was no difference in the mean number of recumbent reflux episodes 

in patients with (7.6 ± 13.3) and without (7.3 ± 8.8, p=0.9) dental erosions.

As noted in Table 1, patients with and without TE did not differ significantly with respect to 

any of the baseline characteristics. Subjects with and without TE had similar durations of 

use of acid suppressive agents (2.2±1.8 years vs 1.9±2.2 years respectively, p=0.8) and 

similar doses of PPI with (1.3±0.5 mg/kg vs 1.3±1.1 mg/kg, p= 0.8).

Of the 639 teeth studied in 27 patients, 134 teeth had TE (21%). The majority (94.8%) of 

erosions were in the posterior dentition, which included 81.5% of the primary and all of the 

permanent teeth. Correlation of TE and reflux parameters is shown in Table 2. There were 

significant positive correlations between acid reflux episodes (r=0.44, p=0.02), the % time 

that acid reflux was present in the distal esophagus (r=0.44, p=0.02), and reflux index 

(r=0.54, p=0.004) with number of TE in a given patient. The % time that acid reflux was 

present in the proximal esophagus (which is always correlated with distal reflux though 

typically the distal bolus clearance times are much greater than the proximal bolus clearance 

time) was positively correlated with the number of teeth erosions per patient with borderline 

significance (r=0.38, p=0.05). The reflux index was positively correlated with both mandible 

(r=0.40, p=0.04) and posterior TE (r=0.46, p=0.02). Non-acid reflux episodes (r=-0.09, 

p=0.67), % time non-acid reflux was present in the distal esophagus (r= -0.07, p=0.80) and 

the % time non-acid reflux was present in the proximal esophagus (r=-0.11, p=0.59) were 

not correlated with TE.

The difference in reflux profiles between patients with and without erosions is shown in 

Table 3. As noted in Table 3, there was a trend of higher acid exposure in children with TE 

compared to those without (RI 7.3 ± 12.9 vs 1.6 ± 1.6, p=0.08), but no difference in number 

of acid, non-acid or pH only episodes between the 2 groups.

Discussion

This is the first study to analyze the relationship between acid and non-acid reflux and TE 

using pH-MII in an unselected population of patients with suspected GERD. We found 

significant positive correlations between various measures of acid reflux and TE. Notably, 

we demonstrate, for the first time, a positive correlation between proximal acid reflux and 

measured by pH-MII and TE. We also found no significant correlation between non-acid 

reflux and erosions suggesting that non-acid reflux may not have a pathogenic role in the 

development of TE.

The presence of a higher acid burden in patients with TE is consistent with several prior 

adult studies4-6,10,11. Moazzez et al. showed that adults with GERD (based on symptoms 
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and pH-metry) had a greater frequency of TE on all surfaces of their teeth than patients 

without GERD (p<0.001)11. Similarly, Gregory-Head et al. noted that patients with GERD 

(based on pH-metry) had a higher Tooth Wear Index than those without GERD (p= 

0.004)10. We further demonstrated, as noted in Table 2, that there was a significant positive 

correlation between % proximal acid reflux and total erosions, which is consistent with the 

mechanism for reflux causing TE.

Studies in children using pH-metry have had mixed results. This is highlighted in a recent 

study by Wild et al. where 59 children with symptoms of GERD were evaluated with pH-

metry. Symptomatic children had a higher number of TE than asymptomatic children 

(Number of erosions per tooth: 0.19 vs 0.11, p=0.017), but there was no difference in TE in 

patients with positive (% time pH <4: 9.9±15.2) versus negative (% time pH <4:1.5±0.9%) 

pH testing8. Farahmand et al. compared patients with evidence of GERD on questionnaire, 

endoscopy or pH-metry, with controls; GERD patients were found to have a significantly 

higher prevalence of TE compared to controls (prevalence of TE in GERD vs controls: 

98.1% vs 19%, p<0.0001). Dahsan et al. studied patients undergoing endoscopy for 

suspected GERD and found that 83.3% of patients with endoscopic evidence of GERD had 

TE12. Other studies using clinical history6 or questionnaires5 to diagnose GERD also found 

a positive correlation between GERD and TE. Whether there was a relationship between 

non-acid reflux, defined as refluxate with a pH>4, and TE was not known and therefore we 

tested the hypothesis that non-acid reflux may account for TE in children. However, our 

study demonstrated that acid, and not non-acid reflux, is associated with TE. Interestingly, 

there was a clear discrepancy between pH results and impedance results. When this occurs, 

it is either because either there is poor clearance of acid reflux episodes (i.e. there is a 

smaller numbers of episodes but they stay in the esophagus for a long time) or because there 

are more pH-only episodes, episodes which are detected by the pH sensor but not by the 

impedance sensors. In this case, as shown in Table 3, the higher acid exposure is being 

driven by high number of pH-only episodes which is common in pediatrics and makes this 

study an important addition beyond the existing adult studies16,28. Based on this study which 

suggests the non-acid reflux may not be a big contributor to erosions and recognizing the 

time consuming nature of manual pH-MII reading and interpretation, pH-metry may be 

adequate for the evaluation of GERD in patients with suspected reflux-related TE.

Some authors have described a progressive pattern of TE with gastric acid with involvement 

of palatal surface of anterior maxillary teeth first, followed by involvement of occlusive 

surfaces of molars and premolars, with relative sparing of the labial surface of maxillary 

teeth and mandibular teeth until advanced stages of erosion29,30. Other studies did not find a 

distinctive erosion pattern with gastric acid induced erosions31. We found a significant 

association between acid burden and TE of only the posterior and mandibular teeth, which 

may be indicative of longstanding acid-related enamel damage. It is interesting to note that 

the GERD did not seem to significantly affect the anterior or maxillary dentition since the 

flow of refluxed acid first contacts the posterior dentition and likely remains there longer 

than the anterior or maxillary teeth. However, if we had had a larger sample size, the 

association may have included the maxillary and anterior dentition since some of their p 

values approached statistical significance (Table 2).
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In addition to the role of GER, it is well known that enamel damage can be caused by acidic 

foods and drinks, and by mechanical trauma such as with bruxism. In the present study these 

risk factors were present in equal measure amongst patients with and without TE, thus 

eliminating potential confounding of the results by these risk factors.

The prevalence of TE in our study (37%) is consistent with prior studies. A range of 

prevalence of 10% to over 80% has been reported in healthy children in prior studies32-34 

depending on study methodology, median age of the sample (prevalence increases with age), 

sample size, erosion indices used, and lack of control for confounding variables such as diet 

and bruxism. The relatively high prevalence of TE in our study in patients taking acid 

suppression therapy raises questions regarding the effectiveness of acid suppression in 

children and the presence of other contributory factors. However, the preponderance of the 

TE may have taken place prior to both diagnosis and the initiation of therapy. It has been 

shown that adults with a positive pH-metry had amelioration of their GERD-related dental 

tissue demineralization on suppression of gastric acid with proton pump inhibitors21. In a 

randomized, double-blind control study, Wilder-Smith et al. demonstrated that patients with 

GERD (>4% of time with pH<4 in 24 hours on pH probe) and advanced TE had significant 

reduction in enamel loss 3 weeks after starting omeprazole (p=0.013). While this limited 

data suggest that acid suppression may be helpful in mitigating the acid-related effects on 

teeth, questions remain as to the dose and duration of treatment needed for improvement and 

whether the same benefit is seen in children. In our study, all patients had been on acid 

suppression therapy for more than a year and, despite this, 37% of these patients had visible 

erosions. However, the study was cross-sectional and we do not know if there were any 

changes in the severity of erosions after starting acid suppression.

This study has several strengths. This is the first study to demonstrate a positive correlation 

between proximal reflux, as determined by pH-MII, and TE, which is consistent with the 

mechanism by which acid reflux causes TE. This is also the first study to demonstrate a 

negative correlation between non-acid reflux and TE. This is important as a significant 

proportion (40 - 89%) of reflux episodes in children are reported to be non-acidic14 and the 

relationship between these episodes and TE has not been described so far.

The study has a few limitations. All of our subjects were referred for pH-MII testing for 

suspected GERD and may not be representative of all pediatric patients. In addition, we did 

not have information on the baseline prevalence and severity of TE in our patients prior to 

initiation of acid suppression and hence cannot comment on whether acid suppression 

modified the appearance of erosions. We can, however, conclude that TE are common, even 

in patients taking acid suppression.

Future studies are needed to determine the impact of acid suppression on reducing the 

severity of TE in children. Data from prospective longitudinal studies are needed to 

determine the optimal dose and duration of acid suppression to treat TE. Since the naked eye 

is limited in its ability to discern subtle enamel changes, more sophisticated visualization 

modalities may be helpful in appreciating even minute enamel changes after starting acid 

suppression.
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What is known

• The relationship between gastroesophageal reflux disease and tooth erosion 

(TE) is not well understood.

• Gastroesophageal reflux (GER) in children is frequently non-acidic and the 

relationship between non-acid reflux and TE is unknown.

What is new

• TE was associated with acidic but not non-acidic GER.

• Proximal acidic GER was associated with TE.

• TE was noted in children on long-term acid suppression.
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Figure 1. 
Maxillary dentition of patient with teeth erosions. Arrows depict level 1 or mild erosion with 

shallow “moon crater”, level 2 or moderate erosion with deep “moon crater” and level 3 or 

severe erosion with pulpal exposure.

Ganesh et al. Page 10

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ganesh et al. Page 11

Table 1
Cohort Characteristics

Tooth Erosion n = 10 No Tooth Erosion n = 17 P value

Age, yrs. (Mean ± SD) 8.3±3.8 8.8±5.3 0.8

 Range 4-16 3-17

Females (%) 3 (30) 12 (70) 0.06

History of:

 Asthma (%) 5 (50) 9 (56) 0.5

 Ear infections (%) 1 (11) 7 (44) 0.1

 Bruxism (%) 6 (60) 6 (38) 0.4

 Developmental delay (%) 1 (10) 3 (19) 0.5

 Soda intake 6 (67) 5 (31) 0.1

Time on acid suppression, yrs. (Mean ± SD) 2.2±1.8 1.9±2.2 0.8
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Table 3
Impedance Characteristics of Patients With and Without Tooth Erosions: (Means ± 
Standard deviation)

Erosion (n=10) Mean ± SD No Erosion (n=17) Mean ± SD P value

Number of Reflux Episodes by Type:

Acid 23.0±18.1 17.1±11.3 0.3

Non-Acid 19.7±21.7 19.0±9.7 0.9

pH-only 16.8±29.0 7.4±5.9 0.2

% Time (by MII) Reflux In:

Proximal Esophagus 0.4±0.3 0.3±0.3 0.4

Distal Esophagus 1.2±1.1 0.7±0.6 0.1

Reflux index % 7.3±12.9 1.6±1.6 0.08

Abnormal impedance 1/10 0/17 0.2
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