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Abstract

Introduction Chronic kidney disease (CKD) has been previously associated with a decline in oral health. This study aimed
to examine the oral health of children with CKD, nephrotic syndrome (NS), and children that received kidney transplanta-
tion (KTR).

Methods A case—control study was conducted involving children with CKD stages 1-3, children with CKD stages 4-5,
pediatric kidney transplant recipients, and children with NS. Developmental Defects of Enamel (DDE) were evaluated using
the DDE Index, while dental caries was assessed with the Decayed Missing Filled Teeth Index (DMFT). Plaque and debris
were measured utilizing the Simplified Oral Hygiene Index (OHI-S), which includes the two subindices Simplified Calculus
Index (CI-S) and Simplified Debris Index (DI-S).

Results Children with CKD 1-3, CKD 4-5, and KTR presented with significantly higher DI-S and CI-S scores and signifi-
cantly more DDE. There was no difference in the DMFT score in children with CKD 4-5 and KTR. For children with CKD
1-3, a significantly lower DMFT score was observed compared to the control group. Children with NS did not show any
differences for DI-S, CI-S, DMFT, and DDE compared to healthy peers.

Conclusion Oral health status is not affected in children with NS. Children with CKD 1-3, CKD 4-5, and KTR have more
plaque, debris, and DDE and should be surveyed regularly by their dentists.
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Introduction In CKD V, also known as kidney failure, long-term survival

requires dialysis or kidney transplantation [3]. Kidney trans-

Chronic kidney disease (CKD) represents a global issue in
pediatric health care. Approximately 15 to 74.7 per million
children are affected by (CKD) [1]. CKD can be classified
into five stages based on the glomerular filtration rate [2].
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plantation (KTR) is the preferred treatment for children with
kidney failure [4]. Nephrotic syndrome (NS) in children is
a rare disease that leads to proteinuria, hypoalbuminemia,
edema, and hyperlipidemia and affects about 1 in 20,000
children [5, 6]. Treatment unresponsiveness often ends up
in kidney failure.

CKD in children is associated with comorbidities such as
failure to thrive, secondary hyperparathyroidism, hyperphos-
phatemia, metabolic acidosis, and renal anemia [5]. Oral
symptoms have been associated with CKD since 1851 [7].
These include lower dental caries scores, reduced salivary
flow rate, high prevalence of calculus, debris, gingivitis,
enamel hypoplasia, and a higher prevalence of developmen-
tal defects of enamel compared to their healthy peers [8, 9].
NS can be associated with severe gingivitis, increased devel-
opmental defects in enamel, and increased accumulation of
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plaque and debris. However, it remains uncertain whether it
is associated with caries [10, 11].

The impact of CKD, KTR, and NS on the oral health
of children remains unclear. Therefore, this study aimed to
investigate possible differences in oral health status in chil-
dren with CKD, KTR and NS under the assumption that
no significant difference exists in these groups compared to
their healthy peers.

Material and methods
Ethical approval

This study was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by the Eth-
ics Committee of Friedrich-Alexander Universitdt Erlan-
gen-Niirnberg (06.2023/23-214-B). Before examining the
patients, informed consent was obtained from the parents
or caregivers.

Study population

The oral health status of 167 children between four and sev-
enteen years of age who had regular check-ups at the Center
for Pediatric Nephrology and Dialysis at the University of
Erlangen/Nuremberg was examined in this study. The chil-
dren were divided into five groups: CKD stage 1-3, CKD
stage 4-5, KTR, NS, and a group of healthy control peers.
The children in the healthy control group were recruited
from the same center as the children with CKD, KTR and NS
during an outpatient visit. However, they did not have NS,
KTR or any form of CKD. The glomerular filtration rate was
determined according to the revised Schwartz Equation from
2009 as follows: eGFR (ml/min x 1.73 m?) =0.413 x Height
(cm)/Serum creatinine (mg/dl) [12]. The KDIGO nomen-
clature was used to classify children with CKD into the
respective stages: Stage 1 with an eGFR >90 ml/min/1.73
m?, stage 2 with an eGFR between 60 and 89 ml/min/1.73
m2, stage 3 with an eGFR between 30 and 59 ml/min/1.73
m2, stage 4 with an eGFR between 15 and 29 ml/min/1.73
m?, and stage 5 with an eGFR under 15 ml/min/1.73 m?. [2]

The CKD groups were clustered into stage 1-3 and 4-5
due to CKD being mostly asymptomatic in stages 1-3. In
stages 4 and 5, children usually show symptoms of CKD
[13].

Clinical data

For each child, sex, date of birth, age, height, weight, serum
creatinine level, and disease status were recorded.
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Examination

The examination was performed during a regular visit at
the Center for Pediatric Nephrology and Dialysis at the
University of Erlangen/Nuremberg. Each examination
started with an informative conversation about the study
with a parent or caregiver and the child. An information
sheet was provided both to parents and children, explain-
ing the background and purpose of the study. Two differ-
ent information sheets were used: one for children aged
8-12, and another one for children aged 13—-17. Such
information sheets for different age groups are required
by the ethics committee of Friedrich-Alexander Univer-
sitdt Erlangen-Niirnberg. In addition, the process and the
study was explained in detail using age-appropriate lan-
guage. Pre-examination informed consent was given to
the parent or caregiver. The examination had no impact on
other treatments in the clinic. An oral mirror and dental
loupes with light were used for every intraoral examina-
tion. The examination was performed consistently by the
same person in an identical environment. The examiner
was an advanced dental student with prior clinical prac-
tice experience at the university. The examination took
approximately two to three minutes.

No blood had to be drawn for study purposes. However,
due to other routine examinations conducted on the same day
as the dental examination, study-relevant blood values were
available. For most children, the blood values were taken on
the same day. The maximum time span for blood collection
was within one month before or after examination. Weight
and height were also determined on the day of the dental
examination during normal check-up.

Indices
Decayed missing filled teeth index (DMFT)

The DMFT index determines the prevalence of dental car-
ies. Therefore, a sum is formed by adding the number of
decayed teeth due to caries, missing teeth due to caries,
and filled teeth. The index is written in lowercase in the
primary dentition (dmft) and in uppercase in the perma-
nent dentition (DMFT). In mixed dentition, only perma-
nent teeth are considered (DMFT) [14]. In this paper, the
DMFT index is not considered separately for primary and
permanent dentition.

Simplified oral hygiene index (OHI-S)
The OHI-S index is used to determine dental calculus and

debris. It has two subindices, the Calculus Index (CI-S)
and the Debris Index (DI-S). Overall, six tooth surfaces are
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examined, including four posterior and two anterior teeth:
16 vestibular, 26 vestibular, 11 vestibular, 36 lingual, 46
lingual and 11 lingual. In total, there are four stages: stage 0
no calculus or debris; stage 1 calculus or debris covers the
gingival third of the tooth; stage 2 calculus or debris covers
1/3 to 2/3 of the gingival tooth surface; stage 3 debris or
calculus covers more than 2/3 of the tooth surface. Each of
the six tooth surfaces is assigned a stage for the CI-S index.
These six stages are added and divided by six, meaning the
number can range from zero to three. Afterward, the same
is done for the DI-S Index. Lastly, the CI-S and DI-S results
are added to arrive at the OHI-S Index, meaning the number
can range from zero to six [15, 16].

Developmental defects of enamel (DDE)

The FDI provides this index [17]. In this study, children
could either have no developmental defects of enamel, dif-
fuse developmental defects of enamel, or demarcated devel-
opmental defects of enamel.

Statistical analysis

Statistical analysis was performed using R version 4.3.0
[18]. As all the dental indices are non-normal distributed
ordinal data, we used individual Mann—Whitney-Wilcoxon

Table 1 Age of control group, different stages of chronic kidney dis-
ease (CKD), kidney transplant recipients (KTR) and nephrotic syn-
drome (NS)

Control CKD 1-3 CKD4-5 KTR NS
Median Median Median Median Median
(IQR) (IQR) (IQR) (IQR) (IQR)
n=381 n=31 n=17 n=17 n=21
Age 9[7;13] 11 [8;15] 10[5.75; 12 [10;14] 8[7;12]
14.25]

*p<0.05, #p <0.01, #%p <0.001, ****p < 0.0001

n, number; IQR, interquartile range; CKD, chronic kidney disease;
KTR, kidney transplant recipients; NS, nephrotic syndrome

tests to compare each disease group to the control group.
The statistical levels are therefore to be interpreted in rela-
tion to the control group. For each index, given p-values
were corrected for the number of comparisons using the
Bonferroni method. An alpha value of p <0.05 was consid-
ered as statistically significant.

Results

As shown in Table 1, 167 children were included in this
study. Among them, 81 were healthy controls, 31 were diag-
nosed with CKD 1-3, 17 with CKD 4-5, 17 had previous
KTR, and 21 were affected by NS. The median age in the
healthy group was 9 years; in the CKD 1-3 group it was
11 years; in the CKD 4-5 group it was 10 years; in the KTR,
it was 12 years; and in the NS group, it was 8 years.

In Table 2 the median DMFT score is displayed. The
healthy group had a median DMFT score of 1, the children
with CKD 1-3 and CKD 4-5 had a median DMFT score of
0, the KTR had a median DMFT score of 2, and the children
with NS a median score of 2. There was no significant dif-
ference in caries status between the CKD 4-5 (p=0.312),
KTR (p=0.057) and NS (p=0.312) groups compared with
the healthy controls (p>0.05). However, the DMFT score
differed significantly between the CKD 1-3 and the healthy
group (p=0.019).

In addition, Table 2 shows the groups' CI-S, DI-S, and
OHI-S scores. Higher median CI-S scores could be observed
in the CKD 1-3 group (CI-S=0.67), in the CKD 4-5
group (CI-S=1), in the KTR group (CI-S=0.83), and in
the NS group (CI-S=0.33) compared to the control group
(CI-S=0.17). There was a significant association in the
median CI-S score between CKD 1-3 (p <0.0001), CKD
4-5 (p<0.0001), and KTR (p<0.001) and the control
group, in contrast to the NS (p =0.332) group, where no
significant correlation could be viewed for the median CI-S
score compared to the healthy group.

The group of healthy control peers had a median DI-S
score of 0.33. In comparison, children with CKD 1-3, CKD

Table2 DMFT and simplified

. ) Control CKD 1-3 CKD 4-5 KTR NS
ﬁebps, cglcglus .and oral | n=81 n=31 n=17 n=17 n=21
gzg;;“z;‘fggst ;‘t‘aag :S"‘;tf“’ Median IQR)  Median (IQR) Median (IQR) Median (IQR) Median (IQR)
S}ronic kidﬂely disease (CKD), DMFT  1[0;2] 0 [0:0.5] 0[0;1] 2 [1:4] 2[0:3]
(I’(d;g fj;‘if; ;L‘;;gz‘f;iztfome DI-S 0.33 [0;0,5] 0.83 [0.5; 1] [ [1;1.5]##%x 0.67 [0.33;11%% 0.5 [0.33;0.67]
(NS) CI-S 0.17 [0;0.5] 0.67 [0.5;1]##%% [ [0.5;2]%#++% 0.83[0.29;1]*%  0.33 [0;0.5]
OHLIS  0.51[0;1] 1.5 [1;2] %%+ 2[1.5:3.33]%+%  1.33[0.83;2]***  0.83[0.33;1.17]

"p<0.05, #¥p <0.01, ¥*¥p < 0.001, ***¥p <0.0001

n, number; IQR, interquartile range; CKD, chronic kidney disease; KTR, kidney transplant recipients; NS,
nephrotic syndrome; DMFT, decayed-missing-filled; DI-S, simplified debris index; CI-S, simplified calcu-
lus index; OHI-S, simplified oral hygiene index
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4-5, KTR, and NS all expressed a higher median DI-S
score than the healthy group (CKD 1-3: 0.83; CKD 4-5:
1; KTR: 0.67; NS: 0.5). This was significant for the CKD
1-3 (p <0.0001), CKD 4-5 (» <0.0001) and KTR (p <0.01)
groups, but not for the NS (p=0.072) group. Subsequently,
the OHI-S score, which is composed of the DI-S score and
the CI-S score, was higher compared to the control group
in all four groups. In comparison to their healthy peers, the
OHI-S score was significant for the CKD 1-3 (p <0.0001),
CKD 4-5 (p <0.0001), and KTR (p <0.001) groups but not
for the NS (p=0.129) group.

In this study, 72% of the healthy children, 45% of those
with CKD 1-3, 29% of patients with CKD 4-5, 24% with
KTR, and 71% of those with NS expressed no DDE. Twenty-
five percent of the healthy children, 35% of the CKD 1-3
group, 41% of the CKD 4-5 group, 29% of the KTR group,
and 14% of the NS group exhibited demarcated DDE. Dif-
fuse DDE were observed in 4% of the children in the healthy
group, 19% in the CKD 1-3 group, 24% in the CKD 4-5
group, 47% in the KTR group, and 14% in the NS group.
A statistically significant relationship was found between
these observations for the CKD 1-3 (»p <0.01), CKD 4-5
(p<0.01), and KTR (p <0.0001) group. No statistical sig-
nificance was observed for the children with NS (p =0.781).

Discussion

This study aimed to examine the oral health status of chil-
dren with CKD, previous KTR, or NS and compare it to a
group of healthy control peers. Several studies have recently
highlighted the influence of CKD and kidney transplantation
on oral health status [9, 19, 20]. This study demonstrates
that CKD 1-5 and KTR significantly influence debris and
calculus accumulation, as well as the prevalence of DDE. In
contrast, NS did not have an impact on debris and calculus
accumulation or DDE. Notably, only CKD 1-3 was associ-
ated with an increased number of carious lesions.

DDE occur when ameloblasts are damaged or their meta-
bolic activity is disturbed during enamel formation. These
defects are irreversible and can be diffuse or demarcated
[14]. The disrupted metabolic activity in CKD can be attrib-
uted to hypocalcemia [5], hyperphosphatemia [5], decreased
serum levels of 1,25-dihydroxycholecalciferol [21], and
fluorosis [20, 22]. Just as several studies have presented
that there is a higher prevalence of DDE in children with
CKD [8, 23, 24] the present study confirmed these findings
highlighting the importance of disrupted metabolic activity
in children with CKD [5, 14, 21, 22]. The highest levels
of DDE in our study were observed in KTR. This might
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be because children with KTR may have experienced vari-
ous stages of CKD earlier in life prior to KTR, including
the critical period for tooth development [25]. Studies have
indicated that children with NS exhibit more developmen-
tal defects of enamel than those without the condition [10,
11]. Nevertheless, our study did not support this finding.
We found children with NS did not show any differences in
DDE compared to healthy peers. However, in our study we
did not divide children with NS into subgroups of differ-
ent clinical courses and etiologies. Children with NS show
changes in calcium, vitamin D, and phosphate metabolism
[26, 27] which could be a reason that children with NS have
more DDE.

Debris refers to a structured, yellowish dental plaque
composed of microorganisms embedded within a protein
matrix and a polysaccharide-based matrix. Failure to remove
plaque through regular tooth brushing and interdental clean-
ing leads to calculus formation. Calculus is mineralized
debris [28]. Saliva in children with CKD has a higher pH
level and contains elevated amounts of urea and phospho-
rus, which then combine to form calcium-phosphorus and
calcium oxalate [20]. This in in accordance with earlier
studies, which indicated that children with CKD have more
calculus and debris accumulation than healthy children [8,
9]; our study confirmed this observation. The higher debris
and plaque accumulation is due to the higher pH level of
the saliva in children with CKD and KTR [20]. For children
with NS, the prevalence was higher in debris and calculus
in other studies [10, 11]. Our study did not show differences
compared to the healthy peers. The higher levels in debris
and calculus in other studies could be due to a raised pH
level in the saliva of this group [29].

Dental caries is a process caused by cariogenic bacte-
ria, particularly Streptococcus mutans, which form a bio-
film on the tooth surface [30]. These bacteria metabolize
carbohydrates, producing acids that gradually demineralize
the tooth surface [30]. The process is dynamic, involving
cycles of demineralization and remineralization, with dem-
ineralization predominating over time [30]. Children with
CKD often experience xerostomia [31], reduced saliva flow
[8]. Furthermore, it has been assumed that they may have a
higher intake of cariogenic snacks compared to their healthy
peers [32]. Although these factors would typically indicate
a higher likelihood of developing caries, this could not be
observed in recent studies.

Numerous studies have investigated the occurrence of
dental caries in children with CKD, whereby most have
found that the DMFT score is lower in these children com-
pared to a healthy control group [8, 9, 24, 33]. Additionally,
two studies examined the oral health of children undergoing
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hemodialysis and reported differing results. One study found
that the incidence of dental caries was higher in these chil-
dren [34], while the other study found it to be lower [35].
Our study revealed that children with CKD 1-3 and CKD
4-5 had fewer dental caries than the control group, though
this difference was not statistically significant for the chil-
dren with CKD 4-5. Conversely, children who underwent
KTR had more dental caries in our study than the control
group, although this was non-significant. This was not the
case in another recent study where the children with kidney
transplantation had a lower DMFT score than the control
group [23]. The lower DMFT score in children with CKD
could be attributed to a more alkaline oral pH of the saliva
and a reduced presence of Streptococcus mutans [36, 37].
The higher pH level of the saliva worsens the environment
for the cariogenic bacteria, leading to a slower formation
of dental caries [20]. The higher DMFT score (non-signif-
icant) in our research of children with KTR compared to
their healthy peers could be due to increased Streptococcus
mutans levels following transplantation [36], which could
lead to a rise in the primary cariogenic bacteria in the bio-
film, which could be investigated in future studies. In addi-
tion, teeth with DDE are more susceptible to caries due to
structural irregularities on the tooth surface created by the
DDE. These structural irregularities lead to calculus and
debris accumulation, which are hard to remove because they
are hard to reach with a toothbrush. This fosters an environ-
ment that contributes to the development of caries [38]. As
children with CKD 1-5 and KTR experience more DDE in
our study this could contribute to an increased accumulation
of calculus and debris, ultimately leading to a higher inci-
dence of carious lesions. However, this could not be proven
in our study and more data should be obtained to elucidate
this aspect. The carious score in NS was higher [10] but
lower [11] in another study. Our study showed non-signifi-
cant higher dental carious scores. A recent study found that
children with idiopathic NS had Streptococcus mutans levels
comparable to their healthy peers. This suggests that chil-
dren with NS are not expected to have more carious lesions
than their healthy peers [11].

Our study has several limitations. The groups were small,
only representing a fraction of the patients with CKD 1-3,
CKD 4-5, those who had undergone kidney transplanta-
tion and NS. Group combination was performed as five
groups would have led to a very small sample size in each
group. Classification in these CKD groups was based on
clinical features, as patients with CKD 1-3 classically do not
have severe clinical problems, whereas patients with CKD
4-5 suffer from different comorbidities [13]. Therefore, it
appeared likely that combining these groups could be suf-
ficient to demonstrate statistical differences. Moreover, the
children with idiopathic NS were not divided into subgroups
of different clinical courses and etiologies. The misbalance

of the study groups may affect the reliability of statistical
results. Additionally, dental caries was examined visually
without bitewing radiographs or an orthopantomogram. Due
to this, interproximal caries could have been overlooked.
Furthermore, the study did not assess the number or sever-
ity of developmental defects of enamel. Another limitation
is that no disclosing agents or instruments were used for
dental examination. Moreover, this study did not evaluate
other comorbidities aside from kidney disease, which may
potentially confound the results. For feasibility reasons,
inter- and intra-rater reliability scores were not assessed,
which is another limitation of this study.

On the other hand, strengths of this study included the
use of reproducible indices and the relatively large patient
numbers in each of the study groups. This ensures consist-
ent examinations and the possibility of comparing it to other
studies. Additionally, the control group and the group of
kidney transplant recipients were larger than in other studies.

In conclusion, children with CKD and KTR have dental
disease and oral health problems in a considerable number of
cases highlighting the structural defects of enamel in CKD.
Furthermore, debris, plaque and DDE are also increased.
However, NS does not have a significant impact on chil-
dren’s oral health in our study.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00467-025-06698-1.
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