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Abstract
Background  There are various oral symptoms related to the disease and its management in individuals with chronic kidney 
disease (CKD). The aim of the study was to investigate the oral health status of children with different stages of CKD, kidney 
transplant recipients (KTR), and healthy children.
Methods  A total of seventy-one children diagnosed with CKD and fifty-two healthy children were included in the study. 
Each patient was examined for dental caries by the decayed-missing-filled-teeth (DMFT/dmft) index and the International 
Caries Detection and Assessment System (ICDAS-II), developmental defects of enamel (DDE) by the DDE index, and oral 
hygiene by the debris (DI), calculus (CI), and simplified oral hygiene (OHI-S) indices.
Results  The median number of DMFT/dmft was 1.00 (interquartile range (IQR):1.00–4.00) in children with stage 1–3 CKD, 
0.00 (IQR: 0.00–2.50) in stage 4–5 children, 0.00 (IQR: 1.00–3.00) in KTR, and 8.00 (IQR: 1.00–13.00) in healthy children. 
According to ICDAS-II categories, the percentage of children with severe caries was 53.8% in healthy children, while it 
was 44.4% in KTR, 25.9% in stage 1–3, and 11.4% in stage 4–5 children. While the percentage of children with DDE was 
88.8% in KTR, 80% in stage 4–5, and 66.7% in stage 1–3 children, this rate was 44.2% in healthy children. The highest mean 
OHI-S score was observed in stage 4–5 children (2.10 ± 1.08), followed by KTR (1.46 ± 1.19), stage 1–3 (1.27 ± 0.61), and 
healthy children (0.45 ± 0.44), respectively.
Conclusions  Compared to healthy children, children with CKD had more debris accumulation, calculus formation, and more 
DDE but a lower severity of dental caries.

Keywords  Chronic kidney disease · Oral health · Dental caries · Oral hygiene · Kidney transplantation · Developmental 
defects of enamel

Introduction

Chronic kidney disease (CKD) is defined as irreversible 
kidney damage that can progress to kidney failure [1]. 
CKD, which threatens to become a real epidemic due to 

its increasing incidence and prevalence in recent years, is 
a clinical syndrome characterized by a gradual decline in 
kidney function over time [2, 3]. The reported prevalence 
of pediatric CKD ranges from 15 to 74.7 per million of the 
age-related population worldwide [4].

Children and adolescents diagnosed with CKD have an 
average life expectancy of 38 years if treated with dialy-
sis and 63 years if treated with kidney transplantation [5]. 
Given the increased survival times resulting from advances 
in the clinical management of kidney failure, various oral 
symptoms related to oral hygiene habits, nutritional and 
environmental factors, and disease and its treatment can be 
expected to be observed in patients with CKD [6]. These 
findings observed in patients with CKD include craniofacial 
growth distortions, bone fractures, and bone tumors second-
ary to severe hyperparathyroidism; inflammation of the soft 
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tissues such as gingivitis and periodontitis due to increased 
debris and dental plaque accumulation and dental calculus 
formation; gingival hyperplasia secondary to medication 
therapy with cyclosporine and/or calcium channel block-
ers; halitosis caused by the hydrolysis of urea to ammonia; 
xerostomia due to hyposalivation; developmental defects of 
enamel (DDE) resulting from deterioration of calcification; 
tooth discoloration caused by DDE, dietary sources, and/or 
medication usage; and Candida infections and dysgeusia due 
to decreased salivary flow [6–13].

Considering the high prevalence of CKD in the popula-
tion, dentists are highly likely to encounter patients with 
CKD. In addition, it is very important for medical profes-
sionals to be aware of the oral findings of CKD in the clini-
cal management and follow-up periods. Poor oral health can 
lead to a negative impact on both quality of life and systemic 
health through complications such as poor aesthetics, pain, 
swelling, infection, and sepsis [14]. In addition, oral health is 
an important issue for medical professionals due to the fact 
that CKD is a progressive disease, and advanced-stage CKD 
patients are candidates for transplantation, and that oral 
health problems can cause various complications before and 
after transplantation, especially secondary infections. Also, 
given the fact that changes in mineral metabolism affect oral 
health, increasing awareness of the effects of CKD on oral 
diseases such as dental caries, DDE, debris accumulation, 
and calculus formation will increase the quality of life of 
these patients and the effectiveness of multidisciplinary 
diagnosis and treatment approaches. Therefore, the aim of 
the study was to investigate the oral health status of chil-
dren at different stages of CKD, kidney transplant recipients 
(KTR), and a group of healthy children.

Methods

Ethical approval

This clinical and cross-sectional study was approved by the 
Marmara University School of Medicine Clinical Research 
Ethical Committee (with protocol number: 09.2021.290), 
and written informed consent forms were obtained from par-
ents and/or caregivers. The study was conducted within the 
ethical principles of the Helsinki Declaration.

Study population

A total of seventy-one children between 4 and 17 years old, 
diagnosed with CKD and KTR under follow-up in the Pedi-
atric Nephrology Clinic, Department of Pediatrics, Istanbul 
Pendik Education and Research Hospital, School of Medi-
cine, Marmara University, were non-randomly selected to 
be included in the study. Fifty-two children between 4 and 

17 years old who applied to the Pediatric Dentistry Clinic, 
Department of Pediatric Dentistry, School of Dentistry, 
Marmara University, in the same period, who did not have 
any systemic disease or did not use medication, were non-
randomly selected to participate. CKD is classified into five 
stages according to the National Kidney Foundation guide-
lines [15]. According to these guidelines, glomerular filtra-
tion rate (GFR) ≥ 90 ml/min/1.73 m2 is defined as stage 1, 
between 60 and 89 ml/min/1.73 m2 as stage 2, 30–59 ml/
min/1.73 m2 as stage 3, 15–29 ml/min/1.73 m2 as stage 4, 
and < 15 ml/min/1.73 m2 as stage 5 CKD [15]. Estimated 
GFR is calculated from the patient’s height and plasma cre-
atinine using the original Schwartz formula [16] as follows: 
eGFR (mL/min/1.73 m2) = k (height in cm)/serum creati-
nine in mol/L, where the constant k varies with age and 
sex (k = 0.45 for < 1 year old children, k = 0.55 for children 
from 1 to 12 years old, and k = 0.55 for females and k = 0.7 
for males > 12 years old) [16]. For this study, we divided 
the patients into three subgroups: stage 1–3 CKD patients, 
stage 4–5 CKD patients [17, 18], and KTR. All patients in 
the KTR subgroup with stage 5 CKD before transplantation 
were selected from patients with at least a 6-month post-
transplantation period.

Clinical data

The demographic and health-related information of patients, 
including age and sex, the stage of CKD, the presence of 
regular dental visits, and any other comorbid conditions, 
were recorded from the medical files and parents’ replies. 
Comorbid conditions included diabetes, hypertension, 
hyperlipidemia, cardiovascular diseases (heart failure, left 
ventricular hypertrophy, ischemic heart disease, and periph-
eral vascular disease), smoking, obesity, and malnutrition 
[19, 20].

Patients’ height and weight were measured with a stand-
ardized Health-O-Meter (HY-RGZ160 Weight & Height 
Measuring Scale, China), and the body mass index (BMI) 
was calculated by dividing body weight (kg) by height 
squared (m2). In children, BMI varies with age; hence, BMI 
results are compared to age- and sex-specific benchmarks. 
For children and adolescents aged between 2 and 19, BMI 
was plotted on the sex-specific Centers for Disease Control 
and Prevention (CDC) growth chart to identify the BMI for 
age percentile [21]. Since none of the patients were classi-
fied as obese according to the BMI results, the patients were 
assigned to 3 groups: underweight, normal, and overweight.

Intraoral examination

Intraoral examination was performed by two different pedi-
atric dentists. Ten patients were re-examined 1 week after 
the initial examination for calibration of the examiners. 
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Reproducible measurements and inter-examiner calibration 
were evaluated with the interclass correlation coefficient 
(ICC).

The visual diagnosis in the dental examination was con-
ducted with a standard smooth-surface mouth mirror (#5), 
tactile inspection with a standard dental probe (PCP11), and 
periodontal examination with a standard periodontal probe 
with a milimeter scale (PCPUNC15).

Dental caries

Dental caries were assessed using two validated indices: 
the decayed-missing-filled-teeth (DMFT/dmft) index and 
the International Caries Detection and Assessment System 
(ICDAS-II) criteria. With the DMFT/dmft index, which is 
approved by the World Health Organization (WHO), the 
number of decayed (D/d), missing (M/m) due to caries, and 
filled (F/f) teeth is determined [22]. ICDAS-II criteria are 
used to evaluate the activity and severity of existing car-
ies [23]. As a result of the evaluation made according to 
ICDAS-II criteria, children were divided into four groups: 
healthy, initial, moderate, and severe [24].

Developmental defects of enamel

The DDE index recommended by the Federation Dental 
International (FDI) [25] was used for the diagnosis and 
assessment of DDE. The presence of demarcated and dif-
fuse opacities and hypoplasia was evaluated with visual and 
tactile intraoral examination. The individual was considered 
to have DDE in the presence of at least one tooth affected 
by DDE. According to the DDE index, teeth with extensive 
dental caries were excluded from evaluation [26].

Oral hygiene

The simplified oral hygiene index (OHI-S) was used in the 
evaluation of oral hygiene and the amount of dental plaque 
and dental calculus. This index, approved and recommended 
by the WHO, consists of two subindices [22]. These are the 
debris index (DI) and the calculus index (CI). For each indi-
vidual, the number of debris and calculus codes on the refer-
ence teeth’s buccal/vestibular and lingual/palatal surfaces 
is divided by the total number of teeth surfaces examined, 
and the individual’s DI and CI scores are determined. The 
OHI-S score is obtained by the sum of the DI and CI scores. 
An increase in the OHI-S score means the worsening of the 
individual’s oral hygiene status [27].

Statistical analyses

The Statistical Package for the Social Sciences (SPSS Ver-
sion 20.0, IBM Corp., Chicago, IL, USA) was used for all 

statistical analyses. Categorical data are expressed as num-
ber and percentage, whereas numeric data are expressed as 
mean ± standard deviation (SD), minimum and maximum 
values, median, and first and third quartiles. The Shap-
iro–Wilk test was used to assess the normality assumption 
for the continuous variables.

Results

The inter-examiner agreements had an ICC value of 0.94 in 
the clinical examination based on DMFT/dmft, DDE, DI, 
CI, and OHI-S indices and ICDAS-II criteria. There was no 
statistically significant difference in the ICC value, which 
was found to be remarkably strong and reliable.

The mean age of the stage 1–3 patients (n = 27) was 
9.2 ± 3.4, the stage 4–5 patients (n = 35) was 11 ± 2.5, the 
KTR (n = 9) was 10.2 ± 2.4, and it was 9.8 ± 2.6 for the 
healthy children (n = 52). The mean ages of the subgroups, 
general characteristics of age, sex, the presence of comorbid 
conditions, the presence of regular dental visits, and BMI of 
children with CKD, KTR, and healthy children are presented 
in Table 1. The duration of the patients in the KTR sub-
group after transplantation was 9.4 ± 0.3 months (min = 6.0, 
max = 12.0 months).

Table 2 shows the medians, first and third quartiles, 
minimum and maximum values, and mean and standard 
deviation values of the DMFT/dmft, CI, DI, and OHI-S 
indices used for the assessment of oral health. While the 

Table 1   Age, sex, presence of comorbid conditions and regular dental 
visits, and body mass index of different stages of chronic kidney dis-
ease (CKD), kidney transplant recipients (KTR), and healthy children

n, number; SD, standard deviation; min, minimum; max, maximum; 
KTR, kidney transplant recipients; BMI, body mass index

Stage 1–3
(n = 27)

Stage 4–5
(n = 35)

KTR
(n = 9)

Healthy
(n = 52)

Age (mean ± SD)
Median (Q1–Q3)

9.2 ± 3.4
9 (7–13)

11 ± 2.5
12 (9–13)

10.2 ± 2.4
10 (8–12.5)

9.8 ± 2.6
9 (8–12)

Sex n (%)
  Male 16 (59.3) 16 (45.7) 6 (66.7) 30 (57.7)
  Female 11 (40.7) 19 (54.3) 3 (33.3) 22 (42.3)

Presence of comorbid conditions n (%)
  No 18 (66.7) 27 (77.1) 9 (100) 52 (100)
  Yes 9 (33.3) 8 (22.9) 0 0

Regular dental visits n (%)
  No 20 (74.1) 23 (65.7) 6 (66.7) 43 (82.7)
  Yes 7 (25.9) 12 (34.3) 3 (33.3) 9 (17.3)

BMI n (%)
  Underweight 14 (51.9) 22 (62.9) 3 (33.3) 24 (46.2)
  Normal 7 (25.9) 9 (25.7) 5 (55.6) 24 (46.2)
  Overweight 6 (22.2) 4 (11.4) 1 (11.1) 4 (7.7)
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median value of the DMFT/dmft index was 1.00 in stage 
1–3 patients (min = 0.00, max = 11.00), it was 0.00 in 
stage 4–5 patients (min = 0.00, max = 6.00), 0.00 in KTR 
(min = 0.00, max = 8.00), and 8.00 in healthy children 
(min = 0.00, max = 20.00). The mean DI score of patients 
with stage 1–3 CKD was 1.00 ± 0.47 (median = 1.00, 
min = 0.00, max = 1.66); it was 1.36 ± 0.57 (median = 1.33, 
min = 0.00, max = 2.33) in stage 4–5 patients, 0.89 ± 0.64 
(median = 1.16, min = 0.00, max = 1.83) in KTR, and 
0.43 ± 0.41 (median = 0.33, min = 0.00, max = 1.66) in 
healthy children. In the stage 1–3 subgroup, the mean 
CI score was 0.27 ± 0.30 (median = 0.16, min = 0.00, 
max = 0.83); it was 0.74 ± 0.61 (median = 0.66, min = 0.00, 
max = 1.84) in stage 4–5 patients, 0.57 ± 0.69 (median = 0.33, 
min = 0.00, max = 1.66) in KTR, and the healthy chil-
dren had a mean CI score of 0.03 ± 0.08 (median = 0.00, 
min = 0.00, max = 0.33). When the OHI-S scores of the 
subgroups were examined, it was observed that while the 
mean score of children with stage 1–3 CKD was 1.27 ± 0.61 
(median = 0.16, min = 0.00, max = 2.16), in stage 4–5, it was 
2.10 ± 1.08 (median = 1.83, min = 0.00, max = 4.00), in KTR 
it was 1.46 ± 1.19 (median = 1.16, min = 0.00, max = 3.49), 
and in healthy children it was 0.45 ± 0.44 (median = 0.33, 
min = 0.00, max = 1.66). Figure 1 shows the interquartile 
range and minimum, maximum, and median values of 
DMFT/dmft, CI, DI, and OHI-S indices scores in stage 1–3, 
stage 4–5, KTR, and healthy subgroups.

The percentage distribution of participants according to 
ICDAS-II and DDE categories in all subgroups is shown in 
Fig. 2. According to ICDAS-II categories, healthy teeth were 
found in 42.9% of stage 4–5 patients, 33.3% of KTR, and 
18.5% of stage 1–3 patients, with the lowest percentage of 
caries-free teeth in healthy children at 9.6%. According to the 
activity and severity of caries, 11.4% of stage 4–5 patients 
were in the severe group, while this rate was 25.9% in stage 

1–3 patients, 44.4% in KTR, and 53.8% in healthy children. 
Hypoplasia was not observed in any of the children included 
in the study. For this reason, DDE categories were divided into 
three groups as diffuse and demarcated opacities and healthy. 
DDE were not observed in 33.3% of the patients in stage 1–3 
CKD, patients with demarcated opacities constituted 59.3% 
of the group, and patients with diffuse opacities constituted 
7.4% of the group. DDE were not observed in 20% of stage 
4–5 patients, while demarcated opacities were observed in 
62.9% and diffuse opacities in 17.1%. While the percentage 
of individuals with dentition without DDE in KTR was 11.1%, 
diffuse and demarcated opacities were observed in 44.4% and 
44.4%, respectively. Dentition without DDE was observed 
in 55.8% of the children in the healthy group, diffuse opaci-
ties were observed in 1.9%, and demarcated opacities were 
observed in 42.3%.

Intraoral photographs taken from the participants included 
in the study are shown in Fig. 3. An 11-year-old patient in 
stage 4–5 CKD had an increase in debris and calculus accu-
mulation and, consequently, an increase in DI, CI, and OHI-S 
indices scores (a), while no debris and calculus accumulation 
were observed in a healthy 11-year-old child (b). While no 
caries were observed in the teeth of a 6-year-old child in stage 
1–3 CKD (c), cavitated and severe caries and a missing tooth 
due to caries were observed in the teeth of her healthy peer (d). 
A 9-year-old child in stage 4–5 CKD had DDE in the form of 
white/creamy demarcated opacity in the right upper permanent 
central incisor (e), while no DDE was observed in the healthy 
9-year-old child (f).

Table 2   DMFT/dmft and debris, calculus, and simplified oral hygiene indices scores in different stages of chronic kidney disease (CKD), kidney 
transplant recipients (KTR), and healthy children

n, number; min, minimum; max, maximum; Q, quartile; SD, standard deviation; KTR, kidney transplant recipients; DMFT/dmft, decayed-miss-
ing-filled-teeth; DI, debris index; CI, calculus Index; OHI-S, simplified oral hygiene index

Stage 1–3
(n = 27)

Stage 4–5
(n = 35)

KTR
(n = 9)

Healthy
(n = 52)

Median (Q1–
Q3)

Mean ± SD 
(min–max)

Median (Q1-
Q3)

Mean ± SD 
(min–max)

Median (Q1-
Q3)

Mean ± SD 
(min–max)

Median (Q1-
Q3)

Mean ± SD 
(min–max)

DMFT/dmft 1.00
(1.00–4.00)

(0.00–11.00) 0.00
(0.00–2.50)

(0.00–6.00) 0.00
(1.00–3.00)

(0.00–8.00) 8.00
(1.00–13.00)

(0.00–20.00)

DI 1.00
(0.00–4.00)

1.00 ± 0.47
(0.00–1.66)

1.33
(1.00–1.83)

1.36 ± 0.57
(0.00–2.33)

1.16
(0.17–1.33)

0.89 ± 0.64
(0.00–1.83)

0.33
(0.00–0.66)

0.43 ± 0.41
(0.00–1.66)

CI 0.16
(0.00–0.66)

0.27 ± 0.30
(0.00–0.83)

0.66
(0.16–1.33)

0.74 ± 0.61
(0.00–1.84)

0.33
(0.00–1.25)

0.57 ± 0.69
(0.00–1.66)

0.00
(0.00–0.00)

0.03 ± 0.08
(0.00–0.33)

OHI-S 0.16
(0.00–0.66)

1.27 ± 0.61
(0.00–2.16)

1.83
(1.33–3.00)

2.10 ± 1.08
(0.00–4.00)

1.16
(0.50–2.49)

1.46 ± 1.19
(0.00-–3.49)

0.33
(0.00–0.66)

0.45 ± 0.44
(0.00–1.66)
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Discussion

Children with CKD may have different findings and symp-
toms in soft and hard oral tissues compared to their healthy 
peers [6]. Although there are studies evaluating the oral 
health of patients with CKD in the scientific literature [9, 
11, 28–35], to the best of our knowledge, there is no study 
that grouped children with CKD according to the stages of 
the disease and also included KTR and healthy children. 
Therefore, the results of this study should be carefully evalu-
ated as they will help to improve the oral health of children 
with CKD at different stages. In addition, evaluation of oral 
health is of particular importance for immune suppressed 
KTR in terms of preventing systemic infections of dental 
origin.

Dental caries is a preventable and noncommunicable 
disease caused by a harmful change in the microbial com-
munity of dental biofilms toward an acid-tolerant and acid-
producing microbiota with reduced levels of beneficial 

bacteria [36]. Although children and adolescents with 
CKD are expected to have more caries due to dry mouth, 
impaired oral hygiene, and nutritional habits, studies show 
that fewer caries are observed compared to their healthy 
peers [9, 28, 29], mostly due to the presence of a large 
amount of urea in the saliva of patients with CKD, which 
leads to its ability to neutralize plaque development and 
antibacterial characteristics [6, 9, 29, 31]. In the current 
study, it was found that the percentage, severity, and activ-
ity of dental caries were higher in healthy children than in 
stage 1–3 and 4–5 patients and KTR patients. In the stud-
ies of Andaloro et al. [9] and Ertuğrul et al. [28], it was 
found that DMFT scores in children with kidney failure 
were lower than controls. Although Pakpour et al. [33] 
reported statistically significantly more caries in hemodi-
alysis patients, Andrade et al. [34] reported that hemodi-
alysis patients had significantly fewer caries. The results 
of the study conducted by Silva et al. [35] showed that 
the prevalence of caries was significantly lower in CKD 

Fig. 1   Decayed-missing-filled-teeth (a), debris (b), calculus (c), 
and simplified oral hygiene (d) indices scores in children stage 1–3 
chronic kidney disease, stage 4–5 chronic kidney disease, kidney 
transplant recipients, and healthy children. (The interquartile range 
is represented by the box, the greatest and lowest values are repre-

sented by the whiskers, the median is represented by the horizontal 
bold line in the box, and outliers are represented by asterisks. DMFT/
dmft, decayed-missing-filled-teeth index; DI, debris index; CI, calcu-
lus index; OHI-S, simplified oral hygiene index; KTR, kidney trans-
plant recipients)
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Fig. 2   International Caries Detection and Assessment System 
(ICDAS-II) (a) and developmental defects of enamel (DDE) (b) cate-
gories in children stage 1–3 chronic kidney disease, stage 4–5 chronic 

kidney disease, kidney transplant recipients, and healthy children. 
(KTR, kidney transplant recipients)

Fig. 3   (a) High OHI-S score 
due to extensive debris and 
calculus accumulation in an 
11-year-old stage 4–5 CKD 
patient. (b) OHI-S score of zero 
due to the absence of debris 
and calculus accumulation in an 
11-year-old healthy child. (c) 
Mandibular teeth of a 6-year-old 
stage 1–3 CKD patient without 
dental caries. (d) Mandibular 
teeth of a 6-year-old healthy 
child with cavitated and 
extensive caries and a missing 
tooth due to dental caries. (e) 
DDE observed as white-creamy 
demarcated opacity in the right 
upper permanent central incisor 
of a 9-year-old stage 4–5 CKD 
patient. (f) Teeth of a 9-year-
old healthy child without DDE. 
(OHI-S, simplified oral hygiene 
index; DDE, developmental 
defects of enamel)
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patients. In the study by Tadakamadla et al. [32], in which 
they evaluated the oral health status of adult CKD patients 
at different stages, the DMFT scores of the controls were 
found to be higher than those of patients with CKD at dif-
ferent stages.

Developmental defects of enamel are defined as quanti-
tative or qualitative changes in the structure of enamel as 
a result of deterioration during enamel formation [29, 37]. 
DDE, which may present as demarcated or diffuse opacities 
and hypoplasia, is often associated with early chronic kidney 
failure [6, 10, 29]. Numerous metabolic or pathophysiologi-
cal changes associated with CKD and its treatment have an 
effect on the formation, development, and calcification of 
teeth, and studies have reported that DDE is observed more 
in CKD patients than their healthy peers [9, 28, 29, 38, 39]. 
The etiology of DDE in patients with CKD has been sug-
gested to result from the deterioration of calcification due to 
hypocalcemia, reduced serum 1,25-dihydroxycholecalciferol 
levels, and increased serum phosphate, parathormone, and 
fluoride levels [13]. In the current study, it was observed that 
the percentage of DDE in stage 1–3 and 4–5 patients and 
KTR was higher than healthy children. Similarly, in their 
studies, Al-Nowaiser et al. [40] and Caliento et al. [41] found 
the incidence of DDE in CKD patients was higher than in 
healthy individuals.

Dental calculus is formed as a result of the calcification of 
dental plaque accumulated on the tooth surface by means of 
minerals originating from the saliva and/or gingival crevicu-
lar fluid [42]. While the detorioration in oral hygiene causes 
plaque accumulation, the increase in plaque accumulation 
causes dental calculus formation. The reason why calculus 
formation is more common in children with CKD than their 
healthy peers is the increased salivary pH and high salivary 
urea and phosphate levels, which cause changes in mineral 
balance [30]. In this study, the mean OHI-S scores of the 
stage 1–3 and 4–5 patients and KTR were higher than the 
healthy children. In the study of Tadakamadla et al. [32], 
it was stated that the DI, CI, and OHI-S scores were sig-
nificantly increased in the advanced stages of the disease. 
Similarly, Davidovich et al. [30] evaluated the formation 
of dental calculus in pre-dialysis, dialysis, and transplanted 
patients, and significantly, more calculus formation was 
found in patients with CKD, especially in dialysis patients, 
compared to the control group. According to the results of 
several studies on this subject, it has been reported that the 
oral hygiene scores in patients with CKD are significantly 
higher than those of healthy children [9, 33–35].

Studies show that saliva pH is more alkaline in patients 
with different stages of CKD than in KTR [43]. Therefore, 
the lower alkalinity of saliva can increase the risk of dental 
caries [43, 44]. In this study, it can be said that OHI-S scores 
are better in KTR than in stage 4–5 patients, since all dental 
procedures before transplantation are completed and oral 

hygiene rules are explained by physicians before and after 
transplantation.

Chronic kidney disease affects many situations that con-
cern dental caries, DDE, oral hygiene, and plaque and dental 
calculus formation in a growing child. As the stage of the 
disease increases, the medications and the distribution of 
various determinants in body fluids are also affected by this 
situation. It has been confirmed by the study that children 
with advanced CKD have more debris and calculus and 
worse oral hygiene due to the significant effects of CKD 
and disease-related metabolic and systemic effects in the 
oral cavity.

The current research presents some limitations of a cross-
sectional design, which may not represent all CKD patients 
and KTR. In addition, another important limitation is the 
relatively small sample size, and misbalance across all 
groups limits the ability to interpret the findings. Patients 
in stage 4–5 CKD at the time of the study may be in stage 
1–3 for a long period, and this may affect the validity of the 
findings, especially since tooth development is completed at 
an early age. Since the formation of dental caries is affected 
by nutritional and oral hygiene habits, and socioeconomic 
background, the fact that these parameters were not evalu-
ated in the study was another limitation. In addition, since 
interproximal caries may not be observed clinically, radio-
graphs were not taken from the patients in the study, which 
is a limitation. The OHI-S index is a validated index that 
is widely used for the assessment of oral hygiene as well 
as the detection of debris and calculus status. On the other 
hand, considering that gingival and periodontal health may 
be worse in patients with CKD than healthy individuals, 
inflammation and bleeding were not evaluated in the study. 
The fact that healthy children may have various dental prob-
lems due to their application to the pediatric dentistry clinic 
may create a bias compared to a healthy sample group of the 
general population. In addition, it is not known how many 
teeth are affected by DDE in each child included in the study, 
making it difficult to interpret the severity of DDE and its 
impact on health. The strong aspects of the study are the 
use of valid, reliable, practical, and easy-to-use evaluation 
methods and criteria; being a multidisciplinary study; pro-
viding inter-rater reliability; and being a pioneering study 
that evaluated the oral health status of children at different 
stages of CKD, KTR, and healthy children together.

Considering the process of the disease and its effects on 
metabolism, the oral health status of patients with CKD 
and KTR should be considered a very important issue. The 
results of the study showed that the majority of patients with 
different stages of CKD and KTR did not attend regular 
dental visits. This situation demonstrates the importance of 
medical professionals referring their patients to the dentist. 
It is known that the quality of life related to health and oral 
health is low in patients with CKD, especially in advanced 
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stages [45]. While quality of life can be affected by oral 
health, the poor aesthetic appearance due to DDE, especially 
in the anterior teeth, also negatively affects quality of life 
[46]. At this point, improvements and preventive approaches 
in dental care, within a multidisciplinary team including 
dental, medical, and psychological staff, will improve the 
quality of life of individuals affected by CKD [35, 45, 47]. 
Therefore, we believe that there is a need for new and com-
prehensive studies that will evaluate different parameters 
with different indices in larger sample groups of patients 
with CKD.

Supplementary Information  The online version contains a graphical 
abstract available at https://​doi.​org/​10.​1007/​s00467-​022-​05590-6.

Author contribution  Study conception and design: SB, AH, and KB. 
Acquisition of data: SB, KR, KDN, GS, and YN. Analysis and inter-
pretation of data: SB and SD. Drafting of manuscript: SB. Critical 
revision: SB, SD, GS, YN, AH, and KB.

Declarations 

Ethics approval  The present study was approved by the Marmara Uni-
versity School of Medicine Clinical Research Ethical Committee (with 
protocol number: 09.2021.290). The study was carried out within the 
ethical principles of the Declaration of Helsinki.

Consent to participate  Before starting the study, the patients’ parents 
or caregivers were informed about the study and signed informed con-
sent forms.

Conflict of interest  The authors declare no competing interests.

References

	 1.	 Ammirati AL (1992) (2020) Chronic Kidney Disease. Rev Assoc 
Med Bras 66:s03–s09. https://​doi.​org/​10.​1590/​1806-​9282.​66.​S1.3

	 2.	 Brück K, Stel VS, Fraser S, De Goeij MC, Caskey F, Abu-Hanna 
A, Jager KJ (2015) Translational research in nephrology: chronic 
kidney disease prevention and public health. Clin Kidney J 8:647–
655. https://​doi.​org/​10.​1093/​ckj/​sfv082

	 3.	 Sebastião YV, Cooper JN, Becknell B, Ching CB, McLeod DJ 
(2021) Prediction of kidney failure in children with chronic kidney 
disease and obstructive uropathy. Pediatr Nephrol 36:111–118. 
https://​doi.​org/​10.​1007/​s00467-​020-​04661-w

	 4.	 Warady BA, Chadha V (2007) Chronic kidney disease in children: 
the global perspective. Pediatr Nephrol 22:1999–2009. https://​doi.​
org/​10.​1007/​s00467-​006-​0410-1

	 5.	 Centres for Disease Control and Prevention (2020) Chronic kidney 
disease (CKD) surveillance system. https://​nccd.​cdc.​gov/​CKD. 
Accessed 19 Oct 2021

	 6.	 Velan E, Sheller B (2021) Oral health in children with chronic 
kidney disease. Pediatr Nephrol 36:3067–3075. https://​doi.​org/​
10.​1007/​s00467-​020-​04913-9

	 7.	 Nylund K, Meurman JH, Heikkinen AM, Honkanen E, Vesterinen 
M, Ruokonen H (2015) Oral health in predialysis patients with 
emphasis on periodontal disease. Quintessence Int 46:899–907. 
https://​doi.​org/​10.​3290/j.​qi.​a34698

	 8.	 Kesmez Ö, Frøjk MJ, Eidemak I, Jensen SB, Kragelund C (2020) 
Oral symptoms and pathologies in Danish patients with chronic 
kidney disease - a pilot study. APMIS 128:401–405. https://​doi.​
org/​10.​1111/​apm.​13042

	 9.	 Andaloro C, Sessa C, Bua N, Mantia I (2018) Chronic kidney 
disease in children: assessment of oral health status. Dent Med 
Probl 55:23–28. https://​doi.​org/​10.​17219/​dmp/​81747

	10.	 Nunn JH, Sharp J, Lambert HJ, Plant ND, Coulthard MG (2000) 
Oral health in children with renal disease. Pediatr Nephrol 
14:997–1001. https://​doi.​org/​10.​1007/​s0046​70050​061

	11.	 Martins C, Siqueira WL, Guimarães Primo LS (2008) Oral and 
salivary flow characteristics of a group of Brazilian children and 
adolescents with chronic renal failure. Pediatr Nephrol 23:619–
624. https://​doi.​org/​10.​1007/​s00467-​007-​0718-5

	12.	 Proctor R, Kumar N, Stein A, Moles D, Porter S (2005) Oral and 
dental aspects of chronic renal failure. J Dent Res 84:199–208. 
https://​doi.​org/​10.​1177/​15440​59105​08400​301

	13.	 Lucas VS, Roberts GJ (2005) Oro-dental health in children with 
chronic renal failure and after renal transplantation: a clinical 
review. Pediatr Nephrol 20:1388–1394. https://​doi.​org/​10.​1007/​
s00467-​005-​1929-2

	14.	 Akar H, Akar GC, Carrero JJ, Stenvinkel P, Lindholm B (2011) 
Systemic consequences of poor oral health in chronic kidney dis-
ease patients. Clin J Am Soc Nephrol 6:218–226. https://​doi.​org/​
10.​2215/​CJN.​05470​610

	15.	 National Kidney Foundation Kidney Disease Quality Outcome 
Initiative (K/DOQI) (2002) Clinical practice guidelines for 
chronic kidney disease: evaluation. Classification and stratifica-
tion. Am J Kidney Dis 39:128–142

	16.	 Schwartz GJ, Brion LP, Spitzer A (1987) The use of plasma cre-
atinine concentration for estimating glomerular filtration rate in 
infants, children, and adolescents. Pediatr Clin North Am 34:571–
590. https://​doi.​org/​10.​1016/​s0031-​3955(16)​36251-4

	17.	 Luo F, Liao Y, Cui K, Tao Y (2020) Noninvasive evalua-
tion of renal oxygenation in children with chronic kidney dis-
ease using blood-oxygen-level-dependent magnetic resonance 
imaging. Pediatr Radiol 50:848–854. https://​doi.​org/​10.​1007/​
s00247-​020-​04630-3

	18.	 Abrão RO, Lopes M, Silva GJS, Ferraro AA, Koch VH (2021) 
Study of the association between generic and disease-specific 
quality of life and behavior problems in pediatric patients with 
chronic kidney disease stage 3 or higher and the quality of life 
and mental health of their primary caregivers. Pediatr Nephrol 
36:3201–3210. https://​doi.​org/​10.​1007/​s00467-​021-​04986-0

	19.	 Zalunardo N, Levin A (2009) Cardiovascular disease in chronic 
kidney disease. In: Lerma EV, Berns JS, Nissenson AR (eds) Cur-
rent Diagnosis & Treatment: Nephrology & Hypertension, 1st 
edn. McGraw-Hill, New York, pp 160–169

	20.	 Inker LA, Astor BC, Fox CH, Isakova T, Lash JP, Peralta CA, 
Kurella Tamura M, Feldman HI (2014) KDOQI US commentary 
on the 2012 KDIGO clinical practice guideline for the evaluation 
and management of CKD. Am J Kidney Dis 63:713–735. https://​
doi.​org/​10.​1053/j.​ajkd.​2014.​01.​416

	21.	 Neyzi O, Bundak R, Gökçay G, Günöz H, Furman A, Darende-
liler F, Baş F (2015) Reference values for weight, height, head 
circumference, and body mass index in Turkish children. J Clin 
Res Pediatr Endocrinol 7:280–293. https://​doi.​org/​10.​4274/​jcrpe.​
2183

	22.	 World Health Organization (2013) Oral Health Surveys Basic 
Methods. WHO Press, Geneva

	23.	 Ekstrand KR, Gimenez T, Ferreira FR, Mendes FM, Braga MM 
(2018) The International Caries Detection and Assessment System 
- ICDAS: a systematic review. Caries Res 52:406–419. https://​doi.​
org/​10.​1159/​00048​6429

	24.	 Doğan M, Şahiner ÜM, Ataç AS, Ballıkaya E, Soyer ÖU, Şekerel 
BE (2021) Oral health status of asthmatic children using inhaled 

276 Pediatric Nephrology (2023) 38:269–277

https://doi.org/10.1007/s00467-022-05590-6
https://doi.org/10.1590/1806-9282.66.S1.3
https://doi.org/10.1093/ckj/sfv082
https://doi.org/10.1007/s00467-020-04661-w
https://doi.org/10.1007/s00467-006-0410-1
https://doi.org/10.1007/s00467-006-0410-1
https://nccd.cdc.gov/CKD
https://doi.org/10.1007/s00467-020-04913-9
https://doi.org/10.1007/s00467-020-04913-9
https://doi.org/10.3290/j.qi.a34698
https://doi.org/10.1111/apm.13042
https://doi.org/10.1111/apm.13042
https://doi.org/10.17219/dmp/81747
https://doi.org/10.1007/s004670050061
https://doi.org/10.1007/s00467-007-0718-5
https://doi.org/10.1177/154405910508400301
https://doi.org/10.1007/s00467-005-1929-2
https://doi.org/10.1007/s00467-005-1929-2
https://doi.org/10.2215/CJN.05470610
https://doi.org/10.2215/CJN.05470610
https://doi.org/10.1016/s0031-3955(16)36251-4
https://doi.org/10.1007/s00247-020-04630-3
https://doi.org/10.1007/s00247-020-04630-3
https://doi.org/10.1007/s00467-021-04986-0
https://doi.org/10.1053/j.ajkd.2014.01.416
https://doi.org/10.1053/j.ajkd.2014.01.416
https://doi.org/10.4274/jcrpe.2183
https://doi.org/10.4274/jcrpe.2183
https://doi.org/10.1159/000486429
https://doi.org/10.1159/000486429


1 3

corticosteroids. Turk J Pediatr 63:77–85. https://​doi.​org/​10.​24953/​
turkj​ped.​2021.​01.​009

	25.	 FDI (1992) A review of developmental defects of enamel index 
(DDE index). Commission on Oral Health, Research & Epidemi-
ology. Report of an FDI Working Group. Int Dent J 42:411–426

	26.	 Andrade NS, Dos Santos IT, Lima LMS, Lima CCB, Moura 
LFAD, Barros SSLV, Moura MS, Lima MDM (2019) Impact of 
developmental enamel defects on quality of life in 5-year-old chil-
dren. Int J Paediatr Dent 29:557–565. https://​doi.​org/​10.​1111/​ipd.​
12498

	27.	 Greene JC, Vermillion JR (1964) The simplified oral hygiene 
index. J Am Dent Assoc 68:7–13. https://​doi.​org/​10.​14219/​jada.​
archi​ve.​1964.​0034

	28.	 Ertuğrul F, Elbek-Cubukçu C, Sabah E, Mir S (2003) The oral 
health status of children undergoing hemodialysis treatment. Turk 
J Pediatr 45:108–113

	29.	 Limeira FIR, Yamauti M, Moreira AN, Galdino TM, de Magal-
hães CS, Abreu LG (2019) Dental caries and developmental 
defects of enamel in individuals with chronic kidney disease: 
systematic review and meta-analysis. Oral Dis 25:1446–1464. 
https://​doi.​org/​10.​1111/​odi.​12993

	30.	 Davidovich E, Davidovits M, Peretz B, Shapira J, Aframian DJ 
(2009) The correlation between dental calculus and disturbed min-
eral metabolism in paediatric patients with chronic kidney disease. 
Nephrol Dial Transplant 24:2439–2445. https://​doi.​org/​10.​1093/​
ndt/​gfp101

	31.	 Menezes CR, Pereira AL, Ribeiro CC, Chaves CO, Guerra RN, 
Thomaz ÉB, Monteiro-Neto V, Alves CM (2019) Is there associa-
tion between chronic kidney disease and dental caries? A case-
controlled study. Med Oral Patol Oral Cir Bucal 24:211–216. 
https://​doi.​org/​10.​4317/​medor​al.​22737

	32.	 Tadakamadla J, Kumar S, Mamatha GP (2014) Comparative 
evaluation of oral health status of chronic kidney disease (CKD) 
patients in various stages and healthy controls. Spec Care Dentist 
34:122–126. https://​doi.​org/​10.​1111/​scd.​12040

	33.	 Pakpour AH, Kumar S, Fridlund B, Zimmer S (2015) A case-con-
trol study on oral health-related quality of life in kidney disease 
patients undergoing haemodialysis. Clin Oral Investig 19:1235–
1243. https://​doi.​org/​10.​1007/​s00784-​014-​1355-6

	34.	 Andrade MR, Salazar SL, de Sá LF, Portela M, Ferreira-Pereira 
A, Soares RM, Leão AT, Primo LG (2015) Role of saliva in the 
caries experience and calculus formation of young patients under-
going hemodialysis. Clin Oral Investig 19:1973–1980. https://​doi.​
org/​10.​1007/​s00784-​015-​1441-4

	35.	 Silva TMC, Alves LAC, Garrido D, Watanabe A, Mendes FM, 
Ciamponi AL (2019) Health and oral health-related quality of life 
of children and adolescents with chronic kidney disease: a cross-
sectional study. Qual Life Res 28:2481–2489. https://​doi.​org/​10.​
1007/​s11136-​019-​02196-8

	36.	 Pitts NB, Twetman S, Fisher J, Marsh PD (2021) Understanding 
dental caries as a non-communicable disease. Br Dent J 231:749–
753. https://​doi.​org/​10.​1038/​s41415-​021-​3775-4

	37.	 Sezer B, Çarıkçıoğlu B, Kargül B (2022) Dental age and tooth 
development in children with molar-incisor hypomineralization: 

a case-control study. Arch Oral Biol 134:105325. https://​doi.​org/​
10.​1016/j.​archo​ralbio.​2021.​105325

	38.	 Ibarra-Santana C, Ruiz-Rodríguez Mdel S, Fonseca-Leal Mdel P, 
Gutiérrez-Cantú FJ, Pozos-Guillén Ade J (2007) Enamel hypo-
plasia in children with renal disease in a fluoridated area. J Clin 
Pediatr Dent 31:274–278. https://​doi.​org/​10.​17796/​jcpd.​31.4.​
m9777​7625k​278261

	39.	 Andrade MR, Mendes PC, Primo LG (2013) Dental findings in a 
child with chronic renal failure secondary to cystinosis. Gen Dent 
61:16–17

	40.	 Al-Nowaiser A, Roberts GJ, Trompeter RS, Wilson M, Lucas VS 
(2003) Oral health in children with chronic renal failure. Pediatr 
Nephrol 18:39–45. https://​doi.​org/​10.​1007/​s00467-​002-​0999-7

	41.	 Caliento R, Sarmento DJS, Silva ÉMP, Tozetto-Mendoza TR, 
Tobouti PL, Benini V, Braz-Silva PH, Gallottini M (2018) Oral 
shedding of HSV-1 and EBV and oral manifestations in paediatric 
chronic kidney disease patients and renal transplant recipients. 
Acta Odontol Scand 76:539–544. https://​doi.​org/​10.​1080/​00016​
357.​2018.​14372​18

	42.	 Akcalı A (2000) Lang NP (2018) Dental calculus: the calcified 
biofilm and its role in disease development. Periodontol 76:109–
115. https://​doi.​org/​10.​1111/​prd.​12151

	43.	 Al Nowaiser A, Lucas VS, Wilson M, Roberts GJ, Trompeter 
RS (2004) Oral health and caries related microflora in children 
during the first three months following renal transplantation. Int J 
Paediatr Dent 14:118–126. https://​doi.​org/​10.​1111/j.​1365-​263x.​
2004.​00534.x

	44.	 Sarmento DJS, Caliento R, Maciel RF, Braz-Silva PH, Pestana 
JOMA, Lockhart PB, Gallottini M (2020) Poor oral health sta-
tus and short-term outcome of kidney transplantation. Spec Care 
Dentist 40:549–554. https://​doi.​org/​10.​1111/​scd.​12512

	45.	 Schmalz G, Patschan S, Patschan D, Ziebolz D (2020) Oral 
health-related quality of life in adult patients with end-stage 
kidney diseases undergoing renal replacement therapy - a sys-
tematic review. BMC Nephrol 21:154. https://​doi.​org/​10.​1186/​
s12882-​020-​01824-7

	46.	 Chankanka O, Levy SM, Warren JJ, Chalmers JM (2010) A litera-
ture review of aesthetic perceptions of dental fluorosis and rela-
tionships with psychosocial aspects/oral health-related quality of 
life. Community Dent Oral Epidemiol 38:97–109. https://​doi.​org/​
10.​1111/j.​1600-​0528.​2009.​00507.x

	47.	 Ruokonen H, Nylund K, Meurman JH, Heikkinen AM, Furuholm 
J, Sorsa T, Roine R, Ortiz F (2019) Oral symptoms and oral 
health-related quality of life in patients with chronic kidney dis-
ease from predialysis to posttransplantation. Clin Oral Investig 
23:2207–2213. https://​doi.​org/​10.​1007/​s00784-​018-​2647-z

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

277Pediatric Nephrology (2023) 38:269–277

https://doi.org/10.24953/turkjped.2021.01.009
https://doi.org/10.24953/turkjped.2021.01.009
https://doi.org/10.1111/ipd.12498
https://doi.org/10.1111/ipd.12498
https://doi.org/10.14219/jada.archive.1964.0034
https://doi.org/10.14219/jada.archive.1964.0034
https://doi.org/10.1111/odi.12993
https://doi.org/10.1093/ndt/gfp101
https://doi.org/10.1093/ndt/gfp101
https://doi.org/10.4317/medoral.22737
https://doi.org/10.1111/scd.12040
https://doi.org/10.1007/s00784-014-1355-6
https://doi.org/10.1007/s00784-015-1441-4
https://doi.org/10.1007/s00784-015-1441-4
https://doi.org/10.1007/s11136-019-02196-8
https://doi.org/10.1007/s11136-019-02196-8
https://doi.org/10.1038/s41415-021-3775-4
https://doi.org/10.1016/j.archoralbio.2021.105325
https://doi.org/10.1016/j.archoralbio.2021.105325
https://doi.org/10.17796/jcpd.31.4.m97777625k278261
https://doi.org/10.17796/jcpd.31.4.m97777625k278261
https://doi.org/10.1007/s00467-002-0999-7
https://doi.org/10.1080/00016357.2018.1437218
https://doi.org/10.1080/00016357.2018.1437218
https://doi.org/10.1111/prd.12151
https://doi.org/10.1111/j.1365-263x.2004.00534.x
https://doi.org/10.1111/j.1365-263x.2004.00534.x
https://doi.org/10.1111/scd.12512
https://doi.org/10.1186/s12882-020-01824-7
https://doi.org/10.1186/s12882-020-01824-7
https://doi.org/10.1111/j.1600-0528.2009.00507.x
https://doi.org/10.1111/j.1600-0528.2009.00507.x
https://doi.org/10.1007/s00784-018-2647-z

	Assessment of the oral health status of children with chronic kidney disease
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Ethical approval
	Study population
	Clinical data
	Intraoral examination
	Dental caries
	Developmental defects of enamel
	Oral hygiene
	Statistical analyses

	Results
	Discussion
	References


