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Background: Periapical radiolucency is the radiographic sign of inflammatory bone lesions 

around the apex of the tooth. We determined the prevalence and predictors of periapical radio-

lucency in patients with cirrhosis and the association with systemic inflammation status and 

cirrhosis-related complications.

Methods: A total of 110 cirrhosis patients were consecutively enrolled. Periapical radiolucency 

was defined as the presence of radiolucency or widening of the periapical periodontal ligament 

space to more than twice the normal width. Predictors of periapical radiolucency and the asso-

ciation with systemic inflammation markers and cirrhosis-related complications were explored 

by univariable and multivariable logistic regression analyses.

Results: Periapical radiolucency was present in one or more teeth in 46% of the patients. Strong 

predictors were gross caries (odds ratio [OR] 3.12, 95% confidence interval [CI] 1.43–6.79) 

and severe periodontitis (OR 3.98, 95% CI 1.04–15.20). Also old age (OR 1.10, 95% CI 

1.01–1.19) and smoking (OR 3.24, 95% CI 1.02–17.62) were predictors. However, cirrhosis 

etiology (alcoholic vs nonalcoholic) or severity (Model of End-Stage Liver Disease score) 

were not predictors. The patients with periapical radiolucency had higher C-reactive protein 

(15.8 mg/L vs 8.1 mg/L, P=0.02) and lower albumin contents (25 g/L vs 28 g/L, P=0.04) than 

those without. Furthermore, the patients with periapical radiolucency had a higher prevalence 

of cirrhosis-related complications such as ascites, hepatic encephalopathy, and/or variceal 

 bleeding (46% vs 27%, P=0.05).

Conclusion: Periapical radiolucency is often present as an element of poor oral health status 

and likely has an adverse clinical significance, which should motivate diagnostic and clinical 

attention to the findings.

Keywords: apical periodontitis, cirrhosis, C-reactive protein, inflammation status, MELD 

score, periapical radiolucency

Introduction
Periapical radiolucency is the descriptive term for radiographic changes which are 

most often due to apical periodontitis and radicular cysts, that is, inflammatory bone 

lesions around the apex of the tooth which develop if bacteria are spread from the 

oral cavity through a caries-affected tooth with necrotic dental pulp.1,2 Clinical signs 

and symptoms such as pain, tenderness, and swelling may occur in varying degrees, 

depending on the diagnosis.3

Although recent studies of cirrhosis patients have provided evidence for poor 

oral health and increased prevalence of periodontal diseases,4–7 which may acceler-

ate the progression of the liver disease,8 the prevalence of periapical radiolucency 
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in these patients has so far been subjected to only a few 

studies.5,9,10 It is thus unknown whether alcoholic cirrhosis 

and decompensation of the cirrhosis disease are associated 

with periapical radiolucency as some of these patients are 

generally more likely to have poor oral care habits and 

dental caries.7

Infection as a complication of cirrhosis is a frequent 

cause of increased morbidity and mortality.11,12 Periapical 

radiolucency due to apical periodontitis may contribute to 

this problem as it has been reported that apical periodontitis 

can precipitate a systemic inflammation activation in both 

healthy persons and patients with a variety of diseases.13,14 

However, it remains unknown whether this is also true for 

cirrhosis patients.

Thus, the aim of this study was to determine the preva-

lence and identify the predictors of periapical radiolucency 

and to examine the association between periapical radiolu-

cency and systemic inflammation status and cirrhosis-related 

complications in a cohort of patients with cirrhosis.

Methods
The study was conducted at Aarhus University Hospital, 

Denmark, between April 2013 and December 2015. The par-

ticipating cirrhosis patients were consecutively recruited at 

the Department of Hepatology and Gastroenterology, which 

has a large local catchment population and also receives 

referred patients. The patient cohort was partly the same 

as previously presented using other data.15 Regardless of 

etiology and severity, all adult patients with an established 

diagnosis of cirrhosis who were able to give consent and to 

cooperate in a clinical and radiographic dental examination, 

and who had two or more teeth, were invited to participate. 

The diagnosis of cirrhosis was based on either biopsy and/

or clinical, biochemical, and ultrasonic findings. The exami-

nation was carried out with the understanding and written 

consent of each patient and according to the Declaration of 

Helsinki. The study was approved by the Central  Denmark 

Region Committees on Health Research Ethics (number 

1-10-72-128-12).

Radiographic examination
The periapical status was assessed using digital panoramic 

radiography. Three trained and experienced dental hygien-

ists performed the panoramic radiography using a Planmeca 

ProMax 3D. The method of viewing the radiographies was 

standard. The images were examined in a room with con-

trollable ambient lighting, using a computer with Planmeca 

Romexis software. The number of teeth present and the 

location and number of teeth having identifiable periapical 

lesions were recorded for each patient.

The periapical status of each tooth was assessed at 0 for 

normal: the periapical periodontal ligament space and the 

surrounding bone showed no alteration – and 1 for periapical 

radiolucency: the presence of radiolucency or widening of 

the periapical periodontal ligament space to more than twice 

the normal width.16

A senior resident in oral and maxillofacial surgery 

(author KS) with extensive clinical experience examined 

the radiographs after thorough training and calibration at the 

Department of Odontology, Aarhus University.

In connection with the radiographic examination, a 

clinical examination was performed by one of three dental 

hygienists at the Department of Hepatology and Gastro-

enterology, Aarhus University Hospital. Number of teeth, 

gross caries, that is, a form of caries with advanced dental 

decay that is easily detected clinically,17 plaque score, clini-

cal probing depth, clinical attachment level, and bleeding on 

probing were registered to determine the dental status and 

the prevalence of severe periodontitis in the patients. Severe 

periodontitis was defined by having ≥2 interproximal sites 

with clinical attachment loss ≥6 mm (not of the same tooth) 

and ≥1 interproximal site with pocket depth ≥5 mm.18 A 

detailed description of the examination is shown elsewhere.15

Data collection
Questions were asked or data were retrieved from the 

medical charts with respect to patients’ age, sex, smok-

ing habits, alcohol consumption, burden of comorbidity 

(Charlson Comorbidity Index),19 cirrhosis etiology, cir-

rhosis severity, current cirrhosis-related complications 

(ie, episodes of ascites, hepatic encephalopathy, and/or 

variceal bleeding), and oral care habits (ie, frequency of 

tooth brushing, frequency of dental visits, and feeling of 

dry mouth). Smoking status was classified as no smoking 

(if the patient had never smoked or was a former smoker) 

or as currently smoking. The patients’ Model of End-Stage 

Liver Disease (MELD) score, C-reactive protein (CRP), and 

plasma albumin (P-albumin) were obtained from routine 

blood samples, and taken on the same day as the oral and 

radiographic examinations.

Statistical analyses
Univariable and multivariable logistic regression analyses 

were used to determine predictors associated with periapi-

cal radiolucency and to evaluate the association between 

the presence of periapical radiolucency and systemic 
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 inflammation status and cirrhosis-related complications. 

The  candidate predictor variables were as follows: age, male 

sex (yes/no), smoking (yes/no), comorbidity, visit dentist 

annually (yes/no), gross caries, severe periodontitis (yes/no), 

alcoholic cirrhosis (yes/no), MELD score, current cirrhosis-

related complications (yes/no), CRP, and P-albumin. Beside 

the cirrhosis and systemic inflammation measures, the 

predictor variables were selected from those reported to be 

associated with periapical lesions and apical periodontitis, 

as described in previous studies.20 Continuous variables 

were entered into the analyses in untransformed form. Two 

multivariable, logistic regression analyses were performed. 

In the first, all the predictor variables were entered into 

one multivariable, logistic regression analysis and assessed 

simultaneously. In the second, a backward, stepwise logistic 

regression with P>0.221 was used to identify a small set of 

strong predictors and evaluate the association between sys-

temic inflammation status/cirrhosis-related complications 

and periapical radiolucency. In all tests, a P-value of 0.05 

or less was considered to be statistically significant. The 

data were analyzed using Stata version 12.0 (StataCorp LP, 

College Station, TX, USA).

Results
A total of 110 patients participated in the study. Their mean age 

was 59 years (range 39–82 years), and 76% were men. Their 

demographic and clinical characteristics in relation to the pres-

ence of periapical radiolucency status are presented in Table 1.

The overall prevalence of periapical radiolucency in 

all the examined teeth was 4%, and one or more teeth with 

periapical radiolucency (range 1–9) were found in 46% of 

the patients. A majority of the patients had only one (59%) 

or two (32%) teeth with periapical radiolucency.

There were no difference in age, sex, smoking status, 

alcohol use, comorbidity, cirrhosis etiology or severity, 

number of teeth, brushing frequency, and feeling of dry 

mouth in patients with periapical radiolucency compared 

with patients without. However, patients with one or more 

periapical radiolucencies attended the dentist less often than 

patients without periapical radiolucency (Table 1).

Table 1 Characteristics of the patient cohort

Characteristics Patients with periapical radiolucency Patients without periapical radiolucency

Number of patients 51 59
Age (years) 60 (53–64) 59 (50–63)
Female/male (%) 24/76 45/55 
Smoking status (%)
Yes/no 51/49 31/69
Alcohol use (%)
Yes/no 44/56 25/75
Charlson Comorbidity Index (%)
3+
2
1
0

4
7
27
63

0
13
24
63

Oral care habits (%)
Brushing teeth twice daily
Visiting dentist annually
Dry mouth (nearly always or always)

32
24
25

49
46
24

Oral measures
Number of teeth
Gross caries (%)
Severe periodontitis (%)

22 (17–26)
46
66

26 (16–28)
10
39

Cirrhosis etiology (%)
Alcohol
Cryptogenic
Autoimmune or cholestatic

76
17
7

65
8
27

Cirrhosis severity
MELD score
Patients with current cirrhosis-related complications (%)

11 (8–15)
46

11 (7–15)
27

Inflammation status
C-reactive protein (mg/L)
P-albumin (g/L)

15.8 (6.9–40.3)
25 (22–31)

8.1 (5.6–24.0)
28 (25–35)

Note: Data are presented as number, percentage, or median and interquartile range.
Abbreviation: MELD, Model of End-Stage Liver Disease.
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Oral health markers in the form of gross caries (odds 

ratio [OR] 3.12, 95% confidence interval [CI] 1.43–6.79) 

and severe periodontitis (OR 3.98, 95% CI 1.04–15.20) were 

predictors of periapical radiolucency. The same was found 

for old age (OR 1.10, 95% CI 1.01–1.19) and smoking (OR 

3.24, 95% CI 1.02–17.62). Alcoholic versus nonalcoholic 

cirrhosis and MELD score were not associated with periapical 

radiolucency (Table 2).

The median CRP concentration was 15.8 mg/L in the 

group of patients with one or more teeth with periapical 

radiolucency compared with 8.1 mg/L in the patients without 

periapical radiolucency (P=0.02). Likewise, P-albumin was 

slightly lower in the patients with periapical radiolucency than 

in those without (25 vs 28 g/L, P=0.04). Furthermore, the 

patients with periapical radiolucency had a higher prevalence 

of current cirrhosis-related complications such as ascites, 

episodes of hepatic encephalopathy, and/or variceal bleeding 

(46% vs 27%, P=0.05) (Table 2). Figure 1 shows a panoramic 

radiography of periapical radiolucency.

Discussion
In this study, nearly half of the patients with cirrhosis had 

periapical radiolucency, independently of alcoholic versus 

nonalcoholic etiology and cirrhosis severity. Gross caries, 

periodontitis, age, and smoking emerged as predictors. The 

presence of periapical radiolucency was associated with signs 

of systemic inflammation activation and with more frequent 

cirrhosis-related complications.

Periapical radiolucency may be caused by a variety 

of diseases, with apical periodontitis and radicular cysts 

being the most common and cementoblastoma and periapi-

cal cemental dysplasia being less frequent. Still, it is not 

possible to translate the radiographic findings to a specific 

diagnosis.22,23 In the Scandinavian countries, the reported 

prevalence of apical periodontitis ranges from 1.5% to 3.4% 

at tooth level and 30%–50% at individual level.20,24,25 Lins 

et al9 have found radiographic signs of periapical lesions in 

48% of their cirrhosis cohort, which is in line with our find-

ings, but below the 79% found in a study of liver transplant 

candidates.10 This might suggest that the frequency of peri-

apical radiolucency that we report in our cirrhosis patients 

is not higher than in the background population. However, 

it should be taken into account that the criteria for periapical 

radiolucency vary markedly among the available studies. In 

our study, periapical radiolucency was diagnosed from digital 

panoramic radiographs using preestablished criteria16 rather 

than the “periapical index”,10,26 which is used in population 

studies and which highly overestimates the prevalence of 

the lesions.27

Table 2 Univariable and multivariable logistic regression analyses of the association between the predictor variables and the outcome 
variables in periapical radiolucency

Variables Univariable Multivariable Stepwise multivariable

Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI

Age, per year increase
Male sex (yes/no)
Smoking (yes/no)
Comorbidity  
Visiting dentist annually (yes/no)

1.03
2.53
2.31
1.04
0.36

0.99–1.07
1.02–6.26
0.97–5.48
0.60–1.79
0.15–0.90

1.09
1.71
3.31
1.13
0.87

1.00–1.20
0.50–7.21
1.09–16.63
0.51–2.34
0.23–3.24

1.10

3.24

1.01–1.19

1.02–17.62

Gross caries 
Severe periodontitis (yes/no)

2.63
3.05

1.37–5.04
1.28–7.23

2.99
3.39

1.45–6.17
1.00–16.70

3.12
3.98

1.43–6.79
1.04–15.20

Alcoholic cirrhosis (yes/no)
MELD score
Current cirrhosis compilations (yes/no)

1.55
1.01
2.39

0.61–3.94
0.95–1.08
1.58–5.78

1.05
1.00
2.34

0.31–1.29
0.90–1.11
1.54–34.99 2.90 1.91–32.68

CRP, per mg/L increase
P-albumin, per g/L increase

1.02
0.94

1.01–1.04
0.89–0.99

1.02
0.96

1.01–1.06
0.89–0.99

1.02
0.96

1.01–1.06
0.89–0.99

Note: Statistically significant associations are shown in bold.
Abbreviations: CI, confidence interval; CRP, C-reactive protein; MELD, Model of End-Stage Liver Disease.

Figure 1 Radiograph of right mandibular second premolar showing gross caries and 
periapical radiolucency.
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The registration of periapical radiolucency was collected 

from panoramic radiographs because of their suitability for 

the clinical setting, although this method may be considered 

as a less sensitive diagnostic tool compared with full-mouth 

radiographs. However, the authors have argued that the use 

of panoramic radiography in epidemiological studies is 

acceptable, and they found a high specificity and sensitivity 

to the detection of periapical pathology compared with full-

mouth radiographs.28 The risk of underestimating the score 

of periapical lesions on panoramic radiographs is thus most 

likely low, and the overall validity of evaluating the periapical 

conditions is therefore reliable.29

No association emerged between periapical radiolucency 

and cirrhosis etiology. This is unexpected as alcoholic cir-

rhosis is often linked to a lifestyle of self-neglect, leading 

to a large number of carious teeth and extensive periodontal 

disease,7 and as autoimmune liver disorders such as primary 

biliary cirrhosis are related to Sjögren’s syndrome, which 

may cause rapid tooth decay.4 However, no difference was 

found in the feeling of dry mouth between the patients with 

or without periapical radiolucency.

Likewise, in this study, the MELD score was not a 

predictor for periapical radiolucency, although a recent 

study has reported a correlation between oral infections 

and accelerated progression of liver disease measured by 

the MELD score.8 However, our findings indicate that it is 

the cirrhosis and the associated poor oral health status that 

predispose to periapical radiolucency rather than the etiol-

ogy or severity of cirrhosis.

Older age and smoking were predicatively associated 

with periapical radiolucency in our cirrhosis patients. The 

importance of these factors in the general population is well 

documented.20,30 Likewise, oral care habits have been asso-

ciated with periapical lesions.20 This is consistent with our 

study where an association was found between annual visits 

to the dentist and periapical radiolucency in the univariable 

analysis.

The predictive value of gross caries and severe peri-

odontitis is mechanistically relevant as both lesions are main 

gateways for bacteria entering into the surrounding tissue and 

thereby providing access to the bloodstream.31,32

Previous studies report that apical periodontitis may lead 

to systemic inflammation activation.14,33,34 In accordance 

with this finding and the assumption that most of our cases 

of periapical radiolucency were due to apical periodontitis, 

it is noteworthy that the cirrhosis patients with radiolucent 

lesions had a double level of CRP and a slightly lower level 

of P-albumin than those without. This has not earlier been 

shown in patients with cirrhosis, but it may evidently have 

untoward consequences in the clinical course of the cirrhosis 

disease which is often fraught with infectious episodes as 

major precipitating factors for the well-known cirrhosis 

complications, thus contributing to the high morbidity and 

mortality of the disease.12 The level of systemic inflamma-

tion activation as judged from CRP and P-albumin was not 

very marked in the patients with periapical radiolucency. 

However, similar to intestinal translocation, the dental infec-

tions may well be a whole-time, latent “internal” source 

of bacterial contamination of the bloodstream, resulting 

in low-grade inflammation, which is known to be a source 

of systemic complications.35 The present findings of more 

cirrhosis-related complications among patients with periapi-

cal radiolucency are in line with this view, and it may imply 

that more clinical attention should be directed toward oral 

examination and clinical care.

There are limitations to this study. First, the cross-

sectional study design provides information only on asso-

ciations among the study variables and not on causality. 

Second, the observed associations could to some extent be 

due to confounding variables, such as unmeasured biologi-

cal variables, or socioeconomic conditions, although other 

studies indicate that these do not have obvious implica-

tions for periapical disease.36 Finally, no intra-examiner 

reliability testing was carried out. It was important that 

the participating patients were not disturbed more than 

absolutely necessary, and as the radiographs were taken 

by a different department it hampered the recall of the 

patients for intra-examiner testing. This is problematic and 

impairs the reliability of the examinations, even though it 

has been argued that the benefits of intra-examiner testing 

are limited.37 However, a high reliability can be expected 

due to the fact that the examiner is a senior resident with 

extensive clinical experience. Furthermore, the examiner 

related his findings to written criteria throughout the whole 

evaluation.

In conclusion, the present results contribute new infor-

mation to the sparse knowledge of periapical disease. It 

was observed that almost half of the patients presented 

periapical radiolucency. Neither cirrhosis etiology nor 

severity was predictors. However, periapical radiolucency 

was associated with systemic inflammation activation 

and clinical cirrhosis complications. Further studies are 

needed to confirm and expand these findings and to evaluate 

whether improved clinical care of oral health may improve 

the disease burden related to inflammation and infection in 

patients with cirrhosis.
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