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ABSTRACT 

Extra esophageal manifestation of Gastro-esophageal reflux disease (GERD) include erosive wear dental 
lesions. Early erosive wear lesions in this group of patients can be easily missed as they are accompanied by 
few clinical signs and hardly any symptoms. This case series aims to report the prevalence and severity of 
erosive wear lesions amongst a sample of GERD patients in Malaysia. Eleven subjects with well characterized 
GERD, diagnosed based on modified Reflux Disease Questionnaire (RDQ) or via endoscopy, were included in 
this case series. A standardized intra oral clinical examination was performed to assess presence and severity 
of erosive wear lesions on tooth surfaces using Basic Erosive Wear Examination (BEWE) index. Majority of 
BEWE score 1 lesions were distributed in maxillary anterior teeth, followed by maxillary posterior and 
mandibular teeth. BEWE score 2 lesions were most prevalent in maxillary anterior teeth and there were no 
BEWE score 3 lesions observed. Based on the clinical findings, more erosive wear lesions were found on the 
buccal surfaces of maxillary and mandibular teeth in GERD patients. This case series further confirms the link 
between GERD and erosive wear lesions. The authors would like to highlight the need for both medical and 
dental practitioners to be aware of early clinical presentations of GERD and erosive wear lesions. Early 
diagnoses allow for intervention and conservative management of these conditions. 

INTRODUCTION 

Gastro-esophageal reflux disease (GERD) is defined 
as involuntary muscle relaxing of the lower 
esophageal sphincter, allowing refluxed gastric acid 
and its contents to move upward through 
esophagus into the oral cavity (Mitre and Katzka, 
2004). A putative link has been established 
between Gastro-esophageal Reflux Disease (GERD) 

and dental erosive wear lesions and this association 
was also documented as an atypical manifestation 
of GERD in addition to cough, laryngitis and asthma 
(Vakil et al., 2006). The first clinical case of 
association between dental erosive wear lesions 
and reflux was reported by Bargen and Austin in 
1937 in a medical case report of a woman who had 
chronic vomiting (Bargen and Austin, 1937). In their 
report, the authors had recognized the potential for 
refluxed acid to cause erosion or damage to teeth. 

Reflux erosive wear lesion is caused by the 
regurgitation of stomach acid into the mouth. The 
regurgitated acid has a pH of approximately 1–3.5, 
which is significantly lower than the critical 
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threshold for dental hard tissue dissolution (pH 5.5) 
(Wild et al., 2011). Thus, the repeated exposure of 
acid from these gastric contents into the oral cavity 
has the potential to erode enamel and dentin, 
which are the first and second layers of dental hard 
tissues, leading to erosive wear lesions (Sujatha et 
al., 2016). Table 1 lists typical and atypical clinical 
manifestation of GERD (Chandra et al., 2004).  

Table 1: Typical and atypical clinical manifestation 
of GERD 

Typical clinical manifestation 

Oesophageal 
  

Heartburn, regurgitation, 
belching, bloating, dysphagia, 
nausea, oesophagitis, stricture, 
Barrett’s oesophagus, 
adenocarcinoma 

Atypical clinical manifestation 

Cardiac Chest pain, sino-atrial block 

Pulmonary Chronic cough, asthma, micro-
aspiration, pneumonia 

Otorhinolaryn
gology 

 

Hoarseness, dysphonia, vocal 
cord nodules, sub-glottic 
stenosis, globus, pharyngitis, 
laryngitis, laryngeal carcinoma, 
altered taste, earache, otitis 
media 

Dental Erosive wear lesions 

There has been marked paucity of published 
literature on the association of erosive wear lesions 
and GERD. However, a recent similar study in China 
observed erosive wear lesions in 60.8% of the 51 
GERD patients who were clinically examined. This 
study reported that participants with GERD were 
more likely to have erosive wear lesions. The same 
study also showed a correlation between 
consumption of carbonated drinks and GERD and 
erosive wear lesions (Li et al., 2017).  

Severity of erosive wear lesions can be objectively 
quantified using the validated Basic Erosive Wear 
Examination (BEWE) scoring system, (Bartlett et al., 
2008) although it has been established that both 
detailed history and thorough clinical examination 
is essential to diagnose these lesions. The BEWE 
system was designed to be a simple, reproducible 
and transferable scoring system for recording 
clinical findings and for assisting in the decision-
making process for the management of erosive 
tooth wear (Bartlett et al., 2008). Both medical and 

dental practitioners should be aware that a 
thorough clinical examination as well as detailed 
history taking are important to diagnose the 
presence of erosive wear lesions, especially lesions 
at the initial stage with BEWE score 1. It is often very 
easy to miss the intraoral clinical presentations of 
these lesions if the clinical findings are not related 
to medical history. Also, the early erosive wear 
lesions can be easily missed as it is accompanied by 
few clinical signs and rarely any symptoms (Bartlett 
et al., 2008).  

Historically, GERD was uncommon in the Asian 
region. Kang and colleagues were first to report on 
GERD in Asians in 1993 (Kang et al, 1993). 3.3% of 
the 11943 patients surveyed were reported to have 
reflux esophagitis (RE). A study by Chang et al 
(1997) from Taiwan reported a prevalence of 5% of 
RE in 2044 healthy patients who came for routine 
esophagogastroduodenoscopy (EGD).  

In 2005, a systematic review reported an 
approximate prevalence of GERD of 10-20% in 
Europe and the USA, and of less than 5% in Asia 
(Dent et al., 2005). In 2014, El-Serag and co-authors 
(two of whom were contributors in the initial study) 
published a follow-up review assessing the 
epidemiology of GERD in the same regions as the 
previous study as well as in Middle East. They 
reported the lowest range of prevalence estimates 
was in East Asia (2.5-7.8%) while the higher ranges 
of prevalence estimates were in North America 
(18.1-27.8%), Europe (8.8-25.9%) and Middle East 
(8.7-33.1%) (El-Serag et al., 2014). Between the two 
systematic reviews, only East Asia showed 
prevalence estimates consistently lower than 10%. 
The authors concluded that despite the increasing 
prevalence of GERD worldwide, it does show a 
considerable geographic variation. 

In Malaysia, in 1998, Ho et al reported the 
prevalence of GERD at 1.6% in an initial survey, and 
in a follow-up study in 2011 reported an increase in 
prevalence to 10.6% (Ho et al., 1998; Ho, 2011). In 
another study, Rosaida and Goh examined 1000 
patients prospectively and reported that 38.8% of 
these patients were diagnosed as having GERD 
based on either predominant symptom of 
heartburn and acid regurgitation and/or findings of 
RE. Apart from GERD, this study also reported on 
the prevalence of RE (13.4%) and non-erosive reflux 
disease (NERD) (65.5%) (Rosaida and Goh, 2004). 
More recent studies have also shown an increase in 
the prevalence of GERD in Asian population in the 
past two decades although the figures vary based 
on the method of diagnosis (Goh et al., 2014; El-
Serag et al., 2014; Ho, 2011). 
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To date, apart from the study by Li and colleagues 
in China, there is no reported data on the 
prevalence and severity of erosive wear lesions 
amongst GERD patients in the Asian region in 
general and Malaysia in particular. Hence, this case 
series documents the association of GERD and 
erosive wear lesions, particularly the prevalence 
and severity, in a sample of GERD patients in 
Malaysia. We hope this case series will pave way for 
a more robust longitudinal study to investigate the 
progression of erosive wear lesions in association 
with GERD, diet and other confounding factors such 
as oral pH and dietary habits. 

CLINICAL CASE SERIES 

Consecutive patients seen within a span of three 
months who were diagnosed with GERD were 
recruited for the compilation of this case series 
which had the approval of the Research and Ethics 
Committee of the Faculty of Dentistry, University of 
Malaya [DF RD1513/0043(U)]. Patients were 
diagnosed based on the modified Reflux Disease 
Questionnaire RDQ (Nik et al., 2011) or when they 
had well characterized reflux esophagitis at 
endoscopy. Eleven patients were included based on 
pre-determined inclusion criteria as follows: (a) no 
underlying systemic medical disease such as cardiac 
disease, (b) minimum 20 teeth present intra orally, 
(c) age between 20-55 years old, (d) able to attend 
dental appointments and, (e) able to provide 
informed consent. Patients were excluded if they 
(a) were undergoing orthodontic treatment, (b) had 
an eating disorder such as anorexia nervosa, (c) 
gastric disorders such as peptic ulcer, and (d) on 
medication which may contribute to xerostomia. 
Patients who were recruited to be a part of this 
clinical case series had consented to having an 
intraoral examination performed on them. A 
standardized intraoral examination was performed 
by one calibrated examiner to assess presence and 
severity of erosive wear lesions. Kappa score of 0.71 
and 0.76 was reported for inter and intra examiner 
reliability respectively which indicates ‘substantial’ 
reproducibility. Tooth surfaces were cleaned to 
remove residual plaque before they were examined 
intra orally using a dental probe and compressed air 
under good dental lighting. In each subject, the (a) 
buccal, (b) occlusal, and (c) palatal/lingual surfaces 
of all permanent teeth present (except third 
permanent molars) were examined and scored 
using BEWE index as defined earlier shown in Table 
2 (Bartlett et al.,2008).  

Teeth with carious lesions and restorations 
involving more than 50% of the surface assessed 
and missing teeth were excluded from the scoring.  

Lingual surfaces of mandibular teeth were not 
assessed for presence of erosive wear lesions as 
these surfaces are protected by the salivary flow as 

well as the resting position of tongue, which offers 

a physical barrier against acid reflux. Additionally, 
incisal surfaces of maxillary and mandibular 
anterior teeth were also not included in the 
assessment and scoring as these surfaces are more 
prone to attrition compared to erosive wear lesions 
(Lussi and Jaeggi, 2008). Tooth wear observed on 
the incisal surfaces of anterior teeth are usually a 
combination of attrition and erosion with attrition 
being the predominant contributor. 

Table 2: Validated BEWE index used for the scoring 
of erosive wear lesions (Adapted from Bartlett et 
al., 2008) 

BEWE 
Score 

Definition 

0 No surface loss 

1 Initial loss of surface texture 

2 Distinct defect, hard tissue loss <50% 
of the surface area 

3 Hard tissue loss ≥ 50% of the surface 
area 

CLINICAL FINDINGS 

A total of 704 teeth in 11 subjects were scored using 
the BEWE index. BEWE score 0 was the most 
prevalent on the buccal and occlusal surfaces while 
BEWE score 1 was more prevalent on the buccal 
surfaces (Table 3).  

Table 3: Distribution of erosive wear lesions in 
buccal, palatal and occlusal surfaces 

BEWE 
score 

Buccal 
 

Palatal 
 

Occlusal 
 

Total 

0 143 48 103 294  

1 100 62 48  210 

2 3 9 8 20  

3 0 0 0 0  

*x/9 62 35 83  180  

Total 308 154 242 704  

*Teeth which were missing and surfaces which 
could not be scored for reasons explained in the 
section above 
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The highest score of erosive wear lesions recorded 
was BEWE score 2 which were primarily distributed 
in the palatal surfaces as shown in Table 3. 180 
teeth could not be scored as they were either 
missing or had presence of caries and/or 
restorations on the surface examined. BEWE scores 
1 and 2 lesions were most prevalent in maxillary 
anterior teeth while score 0 was largely distributed 
on the mandibular teeth (Table 4). There were no 
score 3 lesions observed for all teeth examined. It 
should be noted that figures in Table 4 were 
tabulated based on surfaces examined for each 
category of dentition as shown in Table 5.  As 
described in the previous section, some surfaces of 
teeth were not examined as they are rendered 
physiological protection by saliva or because they 
were more prone to attrition than erosion.  

Table 4: Prevalence of BEWE scores in maxillary and 
mandibular teeth based on surfaces scored 

BEWE score Aa Ba  Ca 

0  33.3%  37.5%  49.4%  

1  46.2%  26.5% 25.7%  

2  6.1% 1.5% 2.6% 

3 0 0 0 

*x/9  14.4%  34.9%  22.4% 

Total 132 174 308 

*Teeth which were missing and surfaces which 
could not be scored for reasons explained in the 
section above 
aA=Maxillary anterior teeth; B= Maxillary posterior 
teeth; C= Mandibular teeth 
 
Table 5: Surfaces examined for each category of 
teeth 

Teeth Surfaces examined 

Maxillary 
anterior teeth 

Buccal, Palatal 

Maxillary 
posterior teeth 

Buccal, Palatal, Occlusal 

Mandibular 
teeth 

Buccal, Occlusal 

 
DISCUSSION 
This case series recorded presence of erosive wear 
lesions on 230 out of the 704 teeth examined, with 
a prevalence of 31.0%, in patients diagnosed with 
GERD. In 2018, Ab Halim and co-workers, reported 

45.0% prevalence of erosive tooth wear in 16-year 
old adolescence, with no history of GERD, in 
Kuantan Malaysia (Ab Halim et al, 2018). Erosive 
wear lesions in GERD patients are most prevalent 
on buccal and palatal surfaces of maxillary teeth, as 
these surfaces are exposed to the regurgitated acid 
and not protected by tongue or other structures. A 
similar trend is observed in this case series with a 
prevalence of 32.5% and 40.3 % of erosive wear 
lesions on the buccal and palatal surfaces 
respectively, as seen in Table 3. Table 4 also shows 
that erosive wear lesions in this sample of patients 
are more prevalent on the maxillary teeth. On the 
contrary, in a sample of subjects with no history of 
GERD, these lesions are more prevalent in the 
posterior mandibular teeth whilst the maxillary and 
mandibular anterior teeth are least affected (Ab 
Halim et al, 2018). However, in GERD patients, 
buccal surfaces of the mandibular teeth can be 
affected as the acid tends to pool in the mandibular 
buccal sulcus (Holbrook et al., 2009). 

Figure 1A shows an example of BEWE score 1 on the 
occlusal surface of the upper right second premolar 
while Figure 1B shows score 2 on the palatal 
surfaces of the upper right lateral incisor and 
canine. BEWE score 3 erosive wear lesions can be 
seen on the palatal surfaces of the upper central 
incisors in Figure 1C.  

 
Figure 1. Examples of BEWE scores. (A) BEWE score 
1 on the occlusal surfaces of the upper right second 
premolar (indicated with arrow). (B) BEWE score 2 
on the palatal surfaces of the upper right lateral 
incisor and canine. (C) BEWE score 3 erosive wear 
lesions on the palatal surfaces of the upper right 
and left central incisors 

Erosive wear lesions often progress slowly and go 
unnoticed in the early stages. In many cases, 
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patients complain of sensitivity to cold or hot 
stimulation during eating or drinking. This clinical 
symptom is due to exposed dentinal tubules as a 
result of the loss of enamel (Johansson et al., 2008). 
Clinical features of erosive wear lesions include 
yellowish discoloration of the teeth, cupping out of 
occlusal surfaces leading to exposed dentine and 
broad concave lesions on enamel and dentine 
surfaces (Wild et al., 2011). In anterior teeth, these 
lesions may present with an increased incisal 
translucency, incisal thinning, chipping and cupping 
out of the incisal edges as seen in Figure 2 (Chandra 
et al., 2004; Sujatha et al., 2016). Shiny wear facets 
on tooth structure or restorations may also be 
observed (Lussi and Jaeggi, 2008). Commonly, 
erosive wear lesions advance quickly in dentine 
when other types of tooth wear such as attrition 
and abrasion become superimposed on these 
lesions (Addy & Shellis, 2006). Lesions found on the 
palatal surfaces of maxillary molars, buccal surfaces 
of mandibular molars and palatal surfaces of 
maxillary anterior teeth strongly suggest a pattern 
of erosion caused by gastric acid (Holbrook et al., 
2009). 

Figure 2. Clinical presentation of erosive wear 
lesions involving upper anterior teeth 

In patients who do not present with GERD related 
symptoms, the erosive wear lesions are present 
primarily on the occlusal surfaces of teeth. This 
pattern of distribution indicates the source of acid 
is more extrinsic in nature from consumption of 
acidic food and beverages. Studies have shown 
strong association between the pattern of erosive 
wear lesions and consumption of acidic beverage 
especially among young adults. One study 
particularly describes erosion of the incisors as 
closely linked to the pattern of consumption of 
acidic carbonated drinks (Moazzez et al., 2000). 
However, the quantity, quality and buffering 
capacity of saliva are confounding factors, together 
with the variation in enamel solubility at different 
sites intraorally and between patients (Johansson et 
al., 2002). Clinically, it is difficult to differentiate 
between erosive wear lesions arising from intrinsic 
or extrinsic acid. Arguably, the diagnosis is often 
made based on the symptoms presented by 

patients and dietary habits, in addition to clinical 
findings. 

Although this case series affords evidence of 
presence of erosive wear lesions amongst this 
sample of GERD patients, the severity of lesions 
only ranges between scores 1 and 2. From a dental 
practitioner’s stand point, this is favorable as the 
management of these lesions would include 
monitoring and conservative management such as 
placement of anti-hypersensitivity agent or 
restorative material for lesions which have 
progressed into dentine. In patients with BEWE 
scores of 2 and 3, complex treatment may be 
necessary, encompassing re-organizing the 
occlusion with full mouth rehabilitation of the 
dentition. 

The case series shows none of the 11 patients had 
a score 3. The authors acknowledge the small 
sample size as a limiting factor. However, the 
clinical cases presented show the amount of acid 
regurgitated into the oral cavity could determine 
the severity of erosive wear lesions. Sonnenberg 
wrote that gastric output correlates with body size 
and therefore men have higher gastric acid output 
than women (Sonnenberg, 2011). Drawing 
parallelism from this observation, the authors feel 
that gastric acid output in the western population is 
higher compared to Asian population and this could 
potentially explain the absence of BEWE score 3 
lesions in this sample. This could be attributed to 
the bigger physical make-up of the western 
population compared to the Asian population. 

Raising awareness on the presence and early 
detection of erosive wear lesions amongst GERD 
patients and gastroenterologist or physicians is vital 
in preventing these lesions from progressing. A 
dentist maybe the first to detect signs of GERD in a 
patient if erosive wear lesions are present in the 
oral cavity. Likewise, it would be useful if a medical 
practitioner is able to detect presence of erosive 
wear lesions in GERD patients based on history and 
symptoms.  

CONCLUSION 

The prevalence of erosive wear lesions in this 
sample of patients is 31.0%. BEWE score 1 and 2 
lesions were most prevalent in maxillary anterior 
teeth and no score 3 lesions were present in this 
sample of patients. It is imperative for both medical 
and dental clinicians to identify the signs and 
symptoms of GERD and erosive wear lesions as 
early recognition of these lesions will allow the 
condition to be managed conservatively and 
successfully. 
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