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Introduction: Treatment with glucocorticoids in children with nephrotic syndrome can be
the cause of developmental disorders of the masticatory organ and bone or teeth abnor-
malities. The aim was to assess the frequency and type of dental abnormalities and the
correlation of their occurrence with a dosage of glucocorticoids and treatment time in chil-
dren with idiopathic nephrotic syndrome.
Methods: The study group consisted of 31 patients aged 5 to 17 diagnosed with idiopathic
steroid-sensitive nephrotic syndrome and 33 overall healthy children. The studies included
clinical evaluation of dentition, radiologic diagnostics, and statistical analysis.
Results: In the study group, 77.4% of patients were diagnosed with abnormalities in dental
development. Tooth number disorders, presence of persistent deciduous teeth and
impacted teeth, abnormal crown or root shape, developmental defects of enamel, pulp
stones, and bone structure disorders were identified. Statistical analysis showed significant
differences in the average treatment time of glucocorticoids in patients without and with
tooth developmental abnormalities.
Conclusions: Long-term use of glucocorticoids in children with nephrotic syndrome pro-
motes the occurrence of developmental abnormalities of the teeth, calcification of the
pulp, and disorders of bone tissue metabolism. For this reason, patients with steroid-sensi-
tive nephrotic syndrome should be under the constant care of a dentist.
© 2021 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

and 7 new cases for every 100,000 children. The average fre-
quency is 16 cases for every 100,000 people.”

Nephrotic syndrome (NS) is a clinical condition that occurs
with proteinuria of severity that exceeds the compensating
possibilities of the organism (50 mg/kg/d), due to increased per-
meability of glomerules for plasma proteins. A characteristic of
NS is its recurrence, sometimes even every few months.? Chil-
dren mostly experience idiopathic NS as a result of minimal
change disease, treated by glucocorticoids.®* The symptoms of
the disease occur before the age of 12; the average age of devel-
opment is between 3 and 5 years. The frequency of NS cases
for children younger than 16 years old is estimated between 2

* Corresponding author. Dorota Olczak-Kowalczyk, Binieckiego 6,
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Proteinuria that leads to hypoproteinaemia, loss of miner-
als with urine and glucocorticoid treatment, is burdened with
the risk of calcium and vitamin D3 metabolism abnormalities.
Children with NS often experience hypocalcaemia and a
reduction in D3 vitamin metabolite levels. However, there can
also be an increase in immunoreactive parathyroid hor-
mone.®® These disorders can occur even when the glomerular
filtration rate is normal.®° This increases the risk of metabolic
bone diseases and can also disrupt the process of odontogene-
sis, which begins around the eighth weeks of foetal life. Protein
deficiencies are likely to impede formation of the protein
matrix of dental tissues, and disruptions of the calcium-phos-
phate balance can inhibit dental mineralisation.'®** Minerali-
sation of deciduous teeth crowns begins in the fourth month
of foetal life and lasts to about the twelfth month of a child’s
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life. Mineralisation of the permanent teeth crowns begins in
the perinatal period and lasts until the seventh or even eighth
year of a child’s life (not counting the third molars).">** This
means that disruptions of the calcium-phosphate, protein,
and lipid metabolism that occur during this period can lead to
various tooth and bone development abnormalities. The type
of these abnormalities and their severity depend on the child's
age and, consequently, the phase of masticatory organ devel-
opment which pathological factor affected, its duration, and
power of influence.

The use of glucocorticoids in children with NS can be the
cause of not only predisposition to infections but also develop-
mental disorders of the masticatory organ, bone and teeth
abnormalities, and calcification of soft tissues.”'**” According
to Bublitz et al.,” children with NS are likely to have a high
incidence of enamel hypoplasia and discolouration of perma-
nent teeth. It has been observed that their presence was not
associated with a child's age at NS onset but rather the total
dose of prednisone received by the age of 7, when the amelo-
genesis process is usually completed. In turn, according to Oli-
ver et al.'? there is a correlation between the age of patients
with severe kidney disease and estimated age at which enamel
development anomalies may occur. Other tooth implications
of long-term glucocorticoid treatment are changes in excessive
forming and fibrosis of dentin'’ and also obliteration of pulp
chambers and occurrence of pulp stones.™

The aim of the study was to assess the frequency and type
of dental abnormalities and the correlation of their occur-
rence with the dosage of glucocorticoids and treatment time
in children diagnosed with idiopathic NS.

Materials and methods

A favourable opinion for this study was given by the Medical
University of Warsaw’s Bioethical Commission (number of
ethics approval: KB/187/2011). The study complies with
STROBE guidelines and Declaration of Helsinki principles.

Patients

The study group consisted of 31 patients aged 5 to 17 diag-
nosed with idiopathic steroid-sensitive NS, who were under
the custody of the Department of Paediatric Dentistry at the
Medical University of Warsaw and Paediatrics and Nephrol-
ogy Cathedra and Clinic of the Medical University of Warsaw.
The control group consisted of 33 overall healthy children
aged 5 to 17. The group was recruited amongst patients
attending regular dental checkups in the Clinic of the Paediat-
ric Dentistry Department. The inclusion criteria included

written consent of the child or/and their parents/legal guardi-
ans and the absence of coexisting diseases. Patients who did
not fully comply with all the criteria were excluded from par-
ticipation.

Study methods

The studies included analysis of medical records, clinical
evaluation of dentition, radiologic diagnostics, and statistical
analysis of the obtained results. Clinical and radiologic find-
ings were evaluated by 2 examiners after calibration (inter-
and intra-examiner reliability was assessed using Cohen’s
kappa coefficient, and in all cases it was >0.8). Clinical assess-
ments of the dentition were conducted under the terms of
the World Health Organisation standard protocol.*® The den-
tal examination was carried out in the conditions of a den-
tist’s office, on a dentist’s chair, in the light of its lamp, using
a blunt-ended probe, a mirror, and a dental syringe. The num-
ber of teeth and their disruptions and the presence of devel-
opmental abnormalities of the teeth, related to their
anatomical structure (size, shape)’ and to the enamel, were
noted (in accordance with the modified developmental
defects of enamel (DDE)Index: discolouration, opacities, and
hypoplasia/quantitative loss of the enamel tissue).”

Radiologic examinations were performed in which ortho-
pantomogram (OPG) radiographs of patients were taken. The
presence of tooth germs, impacted teeth, teeth with anatomi-
cal abnormalities, calcifications in chambers and root canals,
and bone structure anomalies were assessed.

Statistical analysis

The results obtained were analysed statistically. The average
comparisons between 2 groups were made using the t test,
whilst the fractions (percentages) were compared using the
chi-square test. Spearman correlation was calculated to
assess the relationship between variable pairs. The signifi-
cance level was set to .05. Analyses were performed using
Statistica 13 Software.

Results

Sixty-four patients (53.1% of whom were boys) participated in
the study. The average patient age (SD) was 11.6 (3.5) years.
Patients in the study group were treated with glucocorticoids,
and some were additionally treated with cyclosporine A.
Patients in the control group did not take any medications
permanently. The detailed characteristics of the study and
control groups are given in Table 1.

Table 1 - Characteristics of the patients involved in the study.

Study group, n =31 Average age (SD)

Average age when disease was diagnosed (SD)
Average duration of disease (SD)

Medications taken (n/%)

Average dose of glucocorticoids (SD)
Average glucocorticoid treatment time (SD)

Control group, n= 33 Average age (SD)

11.3 (3.8) years

5.3 (4.2) years

73.7 (60.4) months
31/100

15/48.4

30.13 (22.41) mg
63.2 (60.5) months
12.0 (3.3) years

Glucocorticoids
Cyclosporine A
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Fig. 1-Panoramic x-ray: supernumerary teeth (in the region
of 11-12 and 33). In the picture, there are also impacted teeth
23 and 33 and pulp stones in molars.

In the dental examination, in the study group, 24 patients
(77.4%) were diagnosed with abnormalities in dental develop-
ment, including 18 (58.1%) who had more than one malforma-
tion. These problems were found in the control group in 14
(42.4%; P = .004) and 3 (9.1%; P < .001) patients, respectively.
The tooth number disorders, including hypodontia, hyper-
dontia (Figure 1), and presence of persistent deciduous teeth
and impacted teeth (Figure 2), were identified in 9 patients
(29%) in the study group and 2 patients (6.1%; P = .015) in the
control group. In 12 patients (38.7%) in the study group and 4
(12.1%; P = .014) in the control group, abnormal crown or root
shape (Figure 3) were identified. Developmental defects of
enamel, evaluated by the DDE-Index, were reported in 16
patients (51.6%) in the study group and 8 patients (24.2%;
P =.024) in the control group. A majority of these were associ-
ated with enamel hypomineralisation. Details are provided in
Table 2.

Disorders regarding dental pulp mineralisation (pulp
stones) occurred in 20 patients (31.3%), 17 of whom were in
the study group and 3 of whom were in the control group (P <
.001). More than one abnormality of this type involved 13

Fig. 2-Panoramic x-ray: impacted teeth (37, 46, and 47). In
the picture, there are also persistent deciduous teeth (74, 84,
75, and 85) and visible talon cusps of 13-23.

Fig. 3-Panoramic x-ray: abnormal root shape (tooth 22).
(The tooth has 2 roots.)

(41.9%) subjects in the study group and 1 (3%) in the control
group. Bone structure abnormalities (localised changes of
bone density) were observed in 8 (25.8%) patients in the study
group, whilst the control group did not have any such disor-
ders (P =.002).

Of the 15 patients receiving cyclosporine in addition to
glucocorticoids, 11 had dental abnormalities. These were
mainly bone structure abnormalities (4 out of 8 cases); pulp
stones (6 out of 20 cases); hyperdontia (3 out of 5 cases);
abnormal crown or root shape (3 cases); and retained teeth (2
out of 7 cases).

Table 2 - Tooth number and structure abnormalities and
developmental defects of enamel reported in examined
children.

Study group, Control group,
n=31 n=33
Type of n/% P
abnormality
Hypodontia 1/3.2 2/6.1 .592
Hyperdontia 5/16.1 0/0 .016
(mesiodens,
other supernu-
merary teeth)
Persistent decid- 2/6.5 0/0 138
uous teeth
Impacted teeth 7/22.6 0/0 .004
More than 1 4/12.9 0/0 .033
tooth number
disorder
Barrel-shaped 5/16.1 0/0 .016
crowns of the
incisors
Talon cusps 4/12.9 1/3 141
Root shape 2/6.5 0/0 .138
abnormalities
Dens invaginatus 1/3.2 0/0 .306
Enameloma 1/3.2 0/0 .306
Taurodontism 3/9.7 3/9.1 936
More than 1 3/9.7 0/0 .067
tooth structure
disorder
Opacities

(hypomineralisation)14/45.26/18.2.020Discolouration1/3.21/
3.964Hypoplasia3/9.71/3.272More than 1 developmental defect of
enamel2/6.50/0.138



DEVELOPMENTAL ABNORMALITIES OF TEETH IN CHILDREN WITH NEPHROTIC SYNDROME 575

Developmental defects of enamel were found in incisors,
premolars, and molars (including second molars) and, in
some patients, even in the whole dentition. Tooth invagina-
tion was detected in a premolar. Root malformations con-
cerned Enameloma was found in molars.
Taurodontism concerned molars and premolars. These
lesions are most probably connected with NS or glucocorti-
coid intake during the development of mineralised tissue of
teeth. Mineralisation of first molars begins perinatally, and
the crown is fully developed at around 4 years of age; miner-
alisation of incisors and canines begins in the first year of life,
and crown formation lasts until 4 to 5 years of age in the case
of incisors and 6 to 7 years of age in the case of canines; min-
eralisation of premolars and second molars starts between 1
and 3 years of age and lasts until 7 to 8 years of age. The
development of the root lasts 3 to 4 years after eruption. The
remaining findings, like pulp stones, were generally detected
in molars, but they can develop even when the tooth is
mature. Similarly, the occurrence of persistent teeth or
changes in bone structure are independent.

Statistical analysis showed significant differences in aver-
age treatment time of glucocorticoids in patients with and
without tooth developmental abnormalities. The longest aver-
age treatment time was in patients with more than one tooth
developmental defect: 85 (63.93) months, compared to patients
with no dental abnormalities at 29.57 (27.83) months (P = .039).
Significant differences were also noted for pulp stone: an aver-
age of 85.11 (62.92) months of treatment compared to 36.48
(45.58) months of treatment in patients without pulp stones
(P = .022). No significant differences were observed when con-
sidering the average dose of glucocorticoids.

Spearman correlation analysis carried out amongst all sub-
jects revealed significant positive correlations between ste-
roid-sensitive NS incidence and the number of tooth
development defects found (r = 0.460; P < .001), impacted teeth
(r = 0.259; P = .05), tooth structure abnormalities (r = 0.373;
P =.002), pulp stones (r = 0.488; P < .001), and bone structure
abnormalities (r = 0.505; P < .001). In the study group (patients
with NS), these observations were confirmed with respect to
the glucocorticoid treatment time in patients: number of tooth
developmental defects (r = 0.357; P = .049), presence of
impacted teeth (r = 0.548; P = .001), structural abnormalities
(r = 0.385; P = .032), pulp stones presence (r = 0.392; P = .029),
bone structure abnormalities (r = 0.379; P = .035), and more
than 1 tooth development abnormality (r = 0.439; P = .014).

incisors.

Discussion

One of the most basic classifications of NS is based on the
clinical response to steroid therapy, differentiating it as ste-
roid-sensitive and steroid-resistant. This study involved
patients with idiopathic steroid-sensitive NS. The treatment
is based on glucocorticoids, administered through specific
protocols, depending on treatment response or recurrence.’’
Glucocorticoids are strong medications with immunosup-
pressive and anti-inflammatory effects, prolonged use of
which may lead to a number of adverse reactions. According
to Adcock et al.,?” chronic use is the most important risk

factor for side effects; however, other important factors are
the dosage, characteristics of the medicine specifically used,
and individual variability. The most common side effects of
glucocorticoids include tissue atrophy and delayed wound
healing, adrenal suppression, osteoporosis and osteonecro-
sis, hypertension, diabetes, and increased risk of
infection.””??

In NS, clinical implications are commonly observed in the
oral cavity. Studies conducted by various authors report
changes in the development of enamel, oral inflammation,
mucosal lesions, reduced saliva flow, or xerostomia.’*?°
Developmental defects of enamel are common in patients
with chronic kidney diseases.’® Nunn et al.”’ suggested that
such changes could be related to poor calcium and phosphate
metabolism in patients with kidney diseases and therefore
poor enamel mineralisation, which is manifested by opaci-
ties. These type of changes were also observed in the study
(more than 45% of patients in the study group). These results
are similar to those obtained by authors in the research con-
ducted previously by Bublitz et al.,'* Oliver et al.,’” and Subra-
maniam et al.’® Kidney impairment at an early stage of
human development may be crucial for developing enamel
malformations. Changes in deciduous teeth indicate damage
affecting the activity of ameloblasts that occurs prior to or
shortly after birth. Calcium, phosphate, and vitamin D metab-
olism and absorption are disturbed, which, paired with pro-
teinuria, may cause disturbances in the formation or
maturation of the enamel.®?*

The chronic effects of glucocorticoids on the tissues of the
masticatory organ also cause changes in bones, such as the
reduction of the alveolar process, reduction of the osteoid
matrix and osteoblasts, and the transformation of bone tissue
into fibrous tissue which may result in the loss of bone basis.
Beeraka et al.’® reported significant oral bone density reduc-
tion in adult patients using steroids for an average of 10.58 +
4.24 months at a daily dose of 7.04 + 3.56 mg on average.
Changes in bone structure, based on OPG images, were also
observed in patients participating in the present study. Aceto
et al.” examined bone structure changes in children and ado-
lescents with diagnosed steroid-sensitive NS. A long-term
study showed that chronic high doses of glucocorticoids were
associated with the degree of bone mineralisation, which was
at the lower limit of the standard in most treated patients,
whilst approximately 25% had a reduction in bone minerali-
sation below the standard (with long-term lasting treatment
for at least several years). The authors emphasise the need to
monitor the bones of patients undergoing chronic glucocorti-
coid treatment because of the increased risk of fractures,
including those concerning facial bones.”

Long-term treatment with steroids may also lead to distur-
bances affecting tooth pulp, including a significant expansion
of blood vessels, calcification of pulp, and reduction of pulp
chambers due to the deposit of a bone-like tissue by poorly
organised osteoblasts. Also, secondary dentin deposition and
tissue fibrosis are increased.”>'’ In the study presented
above, we have noted changes of this type in the form of pulp
stones that occurred in nearly 55% of patients in the study
group. These observations are confirmed by a study con-
ducted by Ashwini et al.,'® which revealed partial or total
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obliteration of the pulp chambers during long-term (2-3
years) steroid therapy in 90% of patients.

The present study also revealed disturbances in the num-
ber or structure of teeth, including significantly frequent inci-
dences of hyperdontia, presence of impacted teeth, and
abnormal crown shapes. However, changes of this type were
not reported in the available literature. It is interesting to find
that hyperdontia was discovered in patients with NS. The
exact cause of hyperdontia is unknown. Several theories
have been suggested for its occurrence, such as the phyloge-
netic theory, the dichotomy theory, and occurrence due to
hyperactive dental lamina and due to a combination of
genetic and environmental factors.”” In NS, we are dealing
with proteinuria, in which patients lose proteins from their
bodies.” For this reason, it would seem that they would be
more likely to experience hypodontia, as proteins are the
main elements of the tooth matrix. Hyperdontia in our
patients seems not to be connected with the primary disease
and is more likely a random anomaly. On the other hand, NS
is also connected to infectious complications. Perhaps the
patients had severe infectious disease with a fever, which
speeds up metabolism and may lead to over-reactivity of den-
tal lamina. However, this is only a hypothesis, the truthful-
ness of which should be confirmed by further investigations.

In summary, based on our own observations and reference
literature, the dental implications of glucocorticoid treatment
in patients with steroid-sensitive NS are usually due to long-
term use rather than to the dosage used.'®??> The study con-
firms that long-term use of glucocorticoids is associated with
numerous dental complications, which patients are usually
not aware of, as the doctors involved in the treatment primar-
ily inform of common side effects such as obesity, hyperten-
sion, and diabetes. Dental implications are no less important,
as they can cause a variety of complications or difficulties in
dental treatment in such patients. It would be a good idea to
prepare a guide for patients with NS who have dental abnor-
malities to make them more aware of the issue. Opacities
caused by hypomineralisation often create an aesthetic prob-
lem. There is some available advice, depending on the stage
of advancement, which for mild lesions includes the applica-
tion of fluoride, CPP-ACP (casein phosphopeptide—amor-
phous calcium phosphate complex), or resin infiltration (for
example, the ICON system). For more advanced lesions, the
treatment may include abrasion and conservative treatment
or prosthodontic treatment (veneers or crowns). The issue of
impacted teeth is also common, so a radiologic examination
should be performed when a tooth does not appear in the
oral cavity after the estimated time of eruption. Dentists
should also emphasise the role of prophylaxis to eliminate
caries and avoid endodontic treatment (which can be difficult
when pulp stones are present). However, knowing these
implications, dentists should remember that treatment of NS
is more important and their role is to help patients when den-
tal complications occur, rather than interfere with glucocorti-
coid therapy to avoid such difficulties.
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