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Abstract
Background. Oral disease may be more prevalent in people with chronic kidney disease (CKD) due to the 

underlying pathology and its treatment. In children, it can elicit a wide spectrum of oral manifestations, 

including saliva changes, mucosal lesions, oral infection, gingivitis, and dental anomalies (mostly hypoplasia).

Objectives. The aim of the study was to determine the oral health status in a group of children with CKD 

and to compare with that from healthy controls.

Material and methods. A clinical cross-sectional study was conducted between June 2016 and Sep-

tember 2017 on 126 pediatric patients. Oral findings in a group of 65 children suffering from CKD were 

compared with a control group consisting of 61 individuals, free of any disease. We obtained an assessment 

of the oral health status by collecting carious, debris, calculus, gingival conditions, hypoplasia, and salivary 

flow rate data by using specific indexes. Medical and dental history was obtained for each subject.

Results. We found that children with CKD have a lower prevalence of caries for both permanent dentition 

(p = 0.019) and primary dentition (p = 0.008), while the prevalence of calculus, debris, gingivitis and ena-

mel hypoplasia seems to be higher (all p < 0.005). A significantly reduced salivary flow rate was also noted 

in the CKD children, both in unstimulated (p = 0.037) and stimulated (p = 0.026) conditions.

Conclusions. CKD pediatric patients are more likely to present oral and dental changes than healthy chil-

dren, so proper oral care and preventive measures should be taken to avoid potentially severe dental pro-

blems.
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Introduction 
Various medical conditions can affect the oral health 

of patients. Patients affected by chronic kidney dis-

ease (CKD), a progressive and irreversible deterioration 

of  nephrons, which causes a  decline in the glomerular 

filtration rate, may present a wide spectrum of oral mani-

festations in the hard and soft tissues as a results of the 

disease itself or/and the side effects of its treatment.1,2 

Many oral manifestations can be observed in the oral cav-

ity, such as an ammonia-like smell, gingival enlargement 

secondary to drug therapy with cyclosporine and/or calci-

um channel blockers, enamel hypoplasia, dental calculus 

and dry mouth, uremic stomatitis, mucositis and glossitis, 

gingival inflammation due to plaque accumulation caused 

by poor oral hygiene, and a  wide range of oral mucosal 

lesions, mainly white patches and/or ulceration such as 

lichenoid disease as a consequence of the associated drug 

therapy, like diuretics and beta-blockers, or oral hairy leu-

koplakia, observed with uremia.3–9 

Singularly, the prevalence of dental caries in patients 

with CKD has been reported as being lower compared 

with healthy children, mostly due to the massive amount 

of urea in the saliva of nephropathic patients, which led to 

less caries with its neutralizing plaque formation capac-

ity and antibacterial properties.10 As there are numbers 

of studies describing and helping to understand the oro-

dental manifestation and relevant treatment for adult pa-

tients with this disease, there are relatively few systematic 

studies of oral health status including pediatric patients. 

Moreover, according to some studies, nephropathic 

children seem to use more health care services than other 

children.11 Therefore, there is a  need for more research 

regarding the oral health of special care children to im-

prove their standard of life through a  proper oral care 

treatment.

The aim of this study was to determine the oral health 

status by collecting carious, debris, calculus, gingival, hy-

poplasia scores, and salivary flow rate in a group of chil-

dren with CKD, and to compare the findings with those 

collected from healthy control groups. 

Material and methods 
A clinical cross-sectional study was conducted between 

June 2016 and September 2017 in the Otolaryngology 

Unit of the Santa Marta e Santa Venera Hospital in Aci-

reale, Italy, after the approval by the ethical committee 

of the Unità Operativa Complessa (UOC) Otorinolarin-

goiatria – ASP 3 CT. The study included children with 

a  diagnosis of CKD, based on the definition that com-

bined estimated glomerular filtration rate (eGFR) values 

<60 mL/min/1.73 m2 and albuminuria ≥30 mg/g, before 

they had dialysis treatment, referred to our unit by  the 

Nephrology and Dialysis Center “Tike”, Syracuse, Italy.12 

In addition, we included a group of healthy control par-

ticipants for comparison. Patients who fulfilled the fol-

lowing exclusion criteria were not included in the study: 

age higher than 18 years or lower than 4  years, nonco-

operative behavior, other systemic disorders, and dental 

treatment received earlier. Signed written informed con-

sent was obtained from the parents or guardians of all the 

children participating in the study. 

In each child, demographic information, medical and 

dental history, and oral hygiene habits (tooth brushing 

and flossing) were based on patients’ medical files and 

parents’ replies. 

All participants underwent a standardized oral exami-

nation by a dentist trained in periodontology, according 

to the World Health Organization (WHO) criteria.13

Caries status was determined by the decayed missing 

and filled teeth (DMFT) index in the permanent dentition 

or the dmft index in the primary dentition (the sum of de-

cayed, missing or filled permanent teeth).14

With regard to oral hygiene habits, we decided to use 

the Simplified Oral Hygiene Index (OHI-S) for assessing 

individual levels of the oral health status. The OHI-S val-

ues may range from 0 to 6, and the index has 2 compo-

nents, the Debris Index and the Calculus Index. Each of 

these indexes is based on numerical determinations rep-

resenting the amount of the debris or calculus found on 

the tooth surfaces. Possible scores for the Debris Index or 

the Calculus Index ranged between 0 (no debris or calcu-

lus present) and 3 (debris or supragingival calculus cover-

ing more than 2/3 of the tooth surface).15 

The Modified Gingival Index (MGI), a non-invasive (no 

probing) method to rate normal gingival status (score 0), 

a very mild (score 1), mild (score 2), moderate (score 3), 

and severe (score 4) inflammation, was used to assess the 

gingival status.16 

The presence and severity of enamel defects were clas-

sified according to the most severe hypoplasia found in 

any tooth. The findings were scored according to the fol-

lowing scale: 1. no hypoplasia; 2. horizontal white discol-

oration, no missing enamel; 3. horizontal yellow-brown 

discoloration, no missing enamel; 4. pitted; 5. horizontal 

fissures; 6. whole enamel stained; 7. whole enamel hypo-

plastic; 8. morphologic anomalies.17 

Differences of stimulated and unstimulated salivary flow 

rates were assessed through a test described elsewhere.18

The results obtained in the present study were analyzed 

using the SPSS software v. 20.0 (SPSS Inc., Chicago, USA). 

Quantitative variables were presented as mean ±SD, 

whereas categorical variables as numbers and frequen-

cy. The Kolmogorov-Smirnov test was used to evaluate 

the distribution of variables. Fisher’s exact test or the χ2 

test were used to study the categorical variables between 

patients and control subjects. The 2-sided t-test or the 

Mann-Whitney U test were used to study the quantita-

tive numeric variables between the 2  groups. Statistical 

significance was set at p < 0.05.
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Results 
The present clinical study comprised of 126  children, 

whose general characteristics are presented in Table 1. The 

participants in each of the 2 groups were statistically simi-

lar in terms of age and gender, and different with regard 

to the oral hygiene habits. Indeed, in the CKD group, the 

prevalence of children brushing teeth twice a day or more 

and using dental floss is significantly lower than in the 

control group (p = 0.047 and p = 0.024, respectively). The 

number of non-brushing children is much higher in the 

CKD group than in the control group (p = 0.031) (Table 1). 

The analysis of the differences in oral variables values 

between the 2 groups (Table 2) indicated a significant dif-

ference both in DMFT index for permanent dentition 

(p = 0.019) and dmft index for primary dentition (p = 0.008), 

with lower scores in the CKD group. Moreover, the CKD 

group showed a  significantly higher Debris Index, Calcu-

lus Index and OHI-S overall index compared to the control 

group (p = 0.036, p = 0.028 and p = 0.033, respectively). 

Regarding the gingival status, the CKD group showed 

a higher prevalence of severe gingival inflammation (p = 0.018) 

and a lower prevalence of normal gums (p = 0.026) com-

pared to the control group, as revealed by MGI values. 

The severity of enamel hypoplasia was significantly high-

er in the CDK group as compared to controls (3.57 ±0.51 

vs 0.09 ±0.25; p = 0.002).

A significantly reduced salivary flow rate was observed 

in the CKD children, both in unstimulated (0.07 ±0.01 vs 

0.15 ±0.02; p = 0.037) and stimulated (0.13 ±0.03 vs 0.36 

±0.11; p = 0.026) conditions (Table 2).  

Discussion 
The results showed that the CKD group had a higher 

proportion of caries-free children than healthy children, 

free of any disease; indeed, the prevalence of caries is sig-

nificantly lower in the CKD group than in controls for 

both DMFT and dmft scores, though the 2 studies did 

Table 1. Demographics and oral hygiene habits of the 2 study groups

Characteristics CKD group
n = 65

Control group
n = 61

Overall
n = 126 p-value

Age, in years

mean ±SD

median

range

9.92 ±2.75

9

5–16

9.34 ±2.43

9

5–15

10.11 ±3.31

9

5–16

0.756

–

–

Gender, n (%)

male

female

35 (53.8)

30 (46.2)

32 (52.5)

29 (47.5)

67 (53.2)

59 (46.8)

0.624

–

Oral hygiene habits, n (%)

toothbrushing

 never

 once a day

 twice a day or more

dental floss use

25 (38.5)

23 (35.4)

17 (26.2)

12 (18.5)

14 (23.0)

24 (39.3)

23 (37.7)

22 (36.1)

39 (31.0)

47 (37.3)

40 (31.7)

34 (27.0)

0.031*

0.893

0.047*

0.024*

* Significant difference at p < 0.05.

Table 2. Oral variables of the 2 study groups

Characteristics CKD group
n = 65

Control group
n = 61

Overall
n = 126 p-value

DMFT index 6.86 ±1.69 10.69 ±1.81 8.78 ±1.75 0.019*

dmft index 7.02 ±1.75 12.11 ±2.03 9.57 ±1.89 0.008*

Debris index 1.33 ±0.43 0.56 ±0.29 0.95 ±0.36 0.036*

Calculus index 1.52 ±0.52 0.32 ±0.11 0.92 ±0.32 0.028*

OHI-S 2.85 ±0.95 0.88 ±0.40 1.87 ±0.68 0.033*

MGI, n (%)

normal 

very mild

mild

moderate

severe

11 (16.9)

10 (15.4)

13 (20.0)

16 (24.6)

15 (23.1)

20 (32.8)

14 (23.0)

11 (18.0)

11 (18.0)

5 (8.2)

31 (24.6)

24 (19.0)

24 (19.0)

27 (21.4)

20 (15.9)

0.026*

0.044*

0.687

0.091*

0.018*

Hypoplasia 3.57 ±0.51 0.09 ±0.25 1.83 ±0.38 0.002*

Salivary flow rate unstimulated (mL/min) 0.07 ±0.01 0.15 ±0.02 0.11 ±0.02 0.037*

Salivary flow rate stimulated (mL/min) 0.13 ±0.03 0.36 ±0.11 0.25 ±0.07 0.026*

* Significant difference at p < 0.05.
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not show any statistically significant differences in car-

ies prevalence between the 2 groups.5,19 Our results are 

in agreement with those reported by Nakhjavani  et  al. 

and Sobrado Marinho  et  al.20,21 This may be due to the 

presence of highly buffered and alkaline saliva due to the 

elevated urea and phosphate concentrations in patients 

with renal disease, despite poor oral hygiene, a carbohy-

drate-rich diet (necessary to reduce the renal workload), 

in addition to disease-related debilitation, hypoplastic 

enamel and low salivary flow rate, usually seen in these 

patients.22 In order to establish the Oral Hygiene Index in 

children with CKD, we collected the debris and calculus 

scores. Both scores were significantly greater in the CKD 

group compared to healthy individuals, in accordance 

with a study by Martins et al.5 Elevated salivary pH, de-

creased salivary magnesium, and high levels of salivary 

urea and phosphorus, probably due to the decrease in 

the glomerular filtration rate and urinary excretion, lead 

to the precipitation of calcium-phosphorus and calcium 

oxalate, and, thus, dental calculus formation.23 The issue 

of gingival inflammation in CKD patients appears to be 

very controversial in the literature. Several reports sug-

gest reduced gingivitis in these patients, caused by immu-

nosuppression and uremia, associated with the renal dis-

ease that may alter the inflammatory response to bacterial 

plaques in the gingival tissue.10,22,24 Also, it was said that 

a decreased level of hemoglobin can lead to paleness and 

mask the inflammatory signs in the gingival.2 

However, other reports indicate opposite results.25 In ex-

perimentally induced gingivitis in CKD patients, Kitsou et al. 

concluded that chronic uremia had no effect on the de-

fense of periodontal tissues against microbial plaque.26 

In our study, the gingival status showed a higher preva-

lence of severe gingival inflammation in patients with 

CKD (23.1%) than in those from the control group (8.2%) 

(p = 0.018). The greater gingival scores in our study may 

be attributed to the higher plaque rate among CKD pa-

tients and the increased inflammation in the involved tis-

sues due to the systemic conditions that change the local 

tissue homeostasis.27 

Enamel hypoplasia is a  well-known phenomenon in 

CKD patients.10 Accordingly, in the present study, enamel 

hypoplasia was significantly more extensive and more 

severe in patients with CKD than in the control group. 

Calcium reduction together with renal disease that oc-

curs during the mineralization of dentition can result 

in developmental defects of enamel as shown in several 

studies.22,28 A putative reason for the finding of poor den-

tal health is the lower stimulated salivary secretion rate 

observed in the CKD group when compared with the 

control group. This supports previous findings indicating 

that a decrease in salivary flow is an important risk factor 

for poor dental health in hemodialysis patients.5 

However, the present study has some limitations and 

the results should be interpreted in the context of its de-

sign. There is no data about the patients’ classification 

of CKD. The 5 different CDK stages may affect the oral 

health status of the study patients in various ways, so 

it could be useful to create a study with all CKD stages 

(I–V). An additional limitation of this study was that the 

participants in this analysis were already diagnosed with 

CKD and before progression to the dialysis treatment, 

so we do not know how our results would relate to the 

length of the disease or dialysis therapy. A  study over 

a  longer period, evaluating these factors, may address 

these issues.

Another limitation is that a  number of indexes and 

scores have been developed for assessing individual levels 

of the oral health status, so different score methods can 

lead to different results. 

Conclusions 
Within the limitations of the study, our data suggests that 

CKD children are more likely to present oral and dental 

changes than healthy ones. Therefore, a better understand-

ing of the systemic and oral abnormalities in those individ-

uals may help clinicians obtain effective oral care and plan 

preventive routines according to individual needs.
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