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Abstract
Background. Vascular calcifications have been docu-
mented in children with end-stage renal disease. However,
only a few reports have described abundant dental calculus
formation in children suffering from chronic kidney dis-

ease (CKD). Moreover, dental calculus scores (DCS) and
their correlation with renal disease severity have not been
studied.
Methods. DCS in 74 young CKD patients were evalu-
ated: 25 pre-dialytic (PrD), 18 on dialysis (D) and 31 with
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transplants (T) compared to 32 healthy participants (C).
Saliva and serum analysis included creatinine (Cr), urea
(U), calcium (Ca), phosphorous (P), magnesium (Mg) as
well as intraoral pH levels.
Results. All patient groups presented high DCS. DCS and
pH levels were higher in the D group with a positive corre-
lation between pH and lower incisor DCS (r = 0.56, P =
0.017). The highest salivary Ca was found in the PrD group.
Salivary P in the PrD group was found to be higher than in
the T and C groups. The lowest salivary Mg was found in
the D group while the highest salivary Ca × P product was
found in the PrD group. In all patient groups, salivary U was
higher than in the C group with a 2.5-fold increase in the D
group. Salivary Cr resembled the U salivary concentrations.
Conclusions. Alterations in salivary Ca, P, Mg, U, Cr and
intraoral pH levels were observed in the patient groups.
DCS correlated with renal disease severity and therefore
may be a reflection of other tissue calcification pathologies
found in these patients.

Keywords: Ca × P product; chronic kidney disease; dental calculus;
saliva; vascular calcifications

Introduction

Dental calculus in healthy children is rare [1,2]; however,
several studies have reported an elevated amount of calculus
in the paediatric population with chronic kidney disease
(CKD) [3–5].

Recently, we have reported a case with an abundant
amount of dental calculus in an infant on dialysis that totally
disappeared after kidney transplantation [6].

Dental calculus is a form of a calcification process in the
oral cavity environment where calcium (Ca) and phospho-
rous (P) ions originating from saliva play a major role. This
calculus is assembled through interaction with the dental
plaque, which is a community of microorganisms found on
the tooth surface as a biofilm [7]. In a healthy oral environ-
ment, saliva is supersaturated with Ca and P levels, however,
without precipitation. Nonetheless, when this equilibrium
is disturbed, dental calculus is formed enhanced by elevated
salivary pH [8]. Dental calculus is formed with four differ-
ent crystals of Ca–P; brushite, octa Ca–P, hydroxyapatite
and whitlockite in which the most abundant crystals are the
hydroxyapatite and octa Ca–P [9].

CKD is characterized by profound disturbances in Ca–P
metabolism and increased Ca burden as a result of adminis-
tration of Ca-based phosphate binders [10–14]. Cardiovas-
cular complications related to abnormal Ca–P metabolism
are the major cause of morbidity and mortality observed
in CKD patients and particularly in end-stage renal dis-
ease (ESRD) [10–13]. Moreover, different manifestations
of uraemic vasculopathy due to calcifications have been
reported recently among the paediatric CKD population
[14–19].

Since the quantification of dental calculus and its corre-
lation with renal disease severity have not been previously
studied in young CKD patients, our objectives were (1)
to evaluate the dental calculus formation in young CKD

Table 1. Clinical data of 106 participants in the study

Variables Control Pre-dialysis Dialysis Transplanted

Gender (M/F) 23/9 14/11 11/7 20/11
Age (years) ± SD 9.2 ± 2.7 12.6 ± 5 14.4 ± 3 14.7 ± 5
GFR (mean ± ND 40.44 ± 3.72, NR 58.61 ± 3.15,

SEM, range) 13.7–67.3∗ 11.59–95.9∗∗

GFR = glomerular filtration rate, ND = not determined, NR = not
relevant.
∗Significant difference between pre-dialytic and transplant groups.
∗∗Significant difference from transplant group.

patients and (2) to examine salivary mineral metabolism
and intraoral mucosal pH levels with correlation to dental
calculus formation in different stages of kidney function
impairment.

Methods

Study population

Upon approval by the Institutional Review Board for research on human
subjects and informed consent, 106 children, adolescents and young adults
were recruited and studied.

The CKD patients were divided as follows: 25 pre-dialytic (PrD) pa-
tients, 18 patients on maintenance dialysis (8 on haemodialysis, 10 on
peritoneal dialysis) (group D), and 31 transplanted patients with a func-
tioning graft (group T).

All patients were treated at the Institute of Paediatric Nephrology,
Schneider Children’s Medical Center of Israel, Petah Tiqva, Israel.

Thirty-two healthy children without previous history of impaired
renal function served as the control group (group C). This group was
recruited and examined in the Department of Pediatric Dentistry at the He-
brew University— Hadassah School of Dental Medicine, Jerusalem, Israel
(Table 1).

Systemic variables

The glomerular filtration rate (GFR) was calculated from the serum creati-
nine (Cr) according to the Schwartz formula [20]. Serum Cr, urea (U), Ca,
P and magnesium (Mg) concentrations were measured using the Hitachi
917 autoanalayser (Roche Ltd, Basel, Switzerland).

Oral measurements

All intraoral assessments were utilized by one examiner (ED). The degree
of dental calculus formation was scored according to WHO oral hygiene
indices [21,22]. Briefly, a score of 0 represents no calculus formation
whereas a score of 3 represents supragingival calculus covering more than
two-thirds of the exposed tooth surface or a continuous heavy band of
subgingival calculus around the cervical portion of the tooth or both. Two
locations were examined: (1) the lingual aspects of the mandibular incisors
adjacent to the orifices of the submandibluar glands and (2) the buccal
aspects of the right and left first upper molars adjacent to the orifices of
the parotid glands.

Unstimulated whole saliva was collected using the spitting method
as previously described [23–26]. In brief, saliva collection was done in
a quiet room between 8:00 and 12:00 AM. The subjects were refrained
from eating, tooth brushing or using mouth wash rinses at least 1 h be-
fore spitting. They were asked to collect saliva in their mouth and to spit
into a wide test tube for 5 min. Thereafter, the collected saliva was im-
mediately delivered at 4◦C and further kept at −80◦C until analysis was
performed.

Saliva samples were thawed, and then centrifuged (2000 g, 20 min,
250◦C). The supernatants were analysed using the Hitachi 917 autoanal-
yser (Roche Ltd), and the concentrations of U, Cr, Ca, P and Mg were
measured. Measurement of citrate (Cit) concentrations was performed in
five healthy subjects (C group) and five dialysis patients (D group) using
the UV method with the Boehringer Mannheim kit (Darmstadt, Germany).
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Table 2. Dental calculus score for all groups

DSC
(mean ± SD) Control Pre-dialysis Dialysis Transplanted

Lower incisors 0 1.92 ± 1.25∗,• 3.44 ± 1.04∗ 1.29 ± 1.16∗,•
Upper molars 0 1.28 ± 1.06∗,• 2.67 ± 1.14∗ 0.77 ± 0.8∗,•

∗Significant difference from the control group.
•Significant difference from the dialysis group.

The method is based on converting citric acid to oxaloacetate and acetate
(by the enzyme citrate lyase), and then by other two enzymes (L-malate
dehydrogenase and L-lactate dehydrogenase) reducing NADH to NAD+
that is stoichiomteric to the amount of citrate. Reference intervals for
24-h urine collection are 290–1150 mg/24 h. The analytical sensitivity is
0.25 mg/dl.

Oxalate (Ox) levels in saliva were utilized in five healthy subjects
(C group) and five dialysis patients (D group) with the Trinity Biotech
kit (Wicklow, Ireland). Ox analysis in saliva was based on urine analy-
sis and was performed on Olympus 2700 analyser using an enzymatic
method. The method is based on converting oxalate to CO2 and H2O2 (by
the enzyme oxalate oxidase), followed by H2O2 reaction with 3-methyl-
2-benzothiazolinone hydrazone (MBTH) and 3-(dimethylamino) benzoic
acid (DMAB) in the presence of peroxidase, to yield an indamine dye. The
intensity of the colour produced is directly proportional to the concentra-
tion of Ox in the sample. Reference intervals for 24-h urine collection
are 7–45 mg/24 h for male, 4–31 mg/24 h for female and 13–38 mg/dl
for children and were implemented to saliva calculation.The analytical
sensitivity was 0.88 mg/dl.

Calculus composition was assessed in five dialysis patients using uri-
nary calculi analysis kit (DiaSys Diagnostic Systems GmbH, Holzheim,
Germany).

The oral surface pH was assessed with a flat, glass electrode pH meter
(HANNA instruments HI 8424, Padova, Italy) as previously described
[26]. Two sets of measurements were applied at seven locations: the
soft and hard palate, anterior, middle, and posterior tongue, right and
left buccal mucosa. Five minutes were allowed between measurements
[26].

Statistical analysis

Frequencies and percentages were calculated for categorical variables. The
frequencies between categorical variables were analysed by the ‘chi square
test’ and the ‘Fisher-Irwin exact test’. Medians, means and standard errors
were calculated for continuous parameters. The results of pH parameters
between subgroups of patients were compared by ‘one-way analysis-of-
variance’ using the Bonferroni model. Due to large variability of salivary
components, the ‘Kruskal–Wallis’ test was used to compare between saliva
parameters. The results between pairs of saliva parameters were analysed
using the Wilcoxon signed-rank test. The correlations between DCS and
pH levels were analysed by ‘Pearson’s correlation coefficient’ and the
correlations between saliva parameters were analysed by ‘Spearman’s cor-
relation coefficient’. The significance level of the correlation coefficient
was calculated.

Results

Dental calculus score

Calculus was not found in any individual of the C group
(Table 2) as opposed to calculus formation in all the patient
groups. The highest DCS was found in the D group with a
significant difference from the PrD and T groups in both
upper and lower sites (P = 0.0001). The T group patients
exhibited the lowest DCS; however, with no significant
difference from the PrD group. The scores were higher at
the lower incisor site compared to the molar site in all study
groups (Table 2).

Serum and saliva parameters

The serum parameters including Cr, Ca, P, Mg and U (group
D only) are listed in Table 3.

The salivary Ca level in the PrD group was significantly
higher compared to the D, C and T groups (3.7-fold P =
0.0001, 2.5-fold P = 0.05, 1.5-fold P = 0.001, respectively).
The Ca levels in the T group were found to be signifi-
cantly higher than in the D group (means of 2.96 mg/dl and
1.18 mg/dl, respectively, P = 0.0001) and in the C group
(means of 2.96 mg/dl and 1.78 mg/dl, respectively, P =
0.001). (Table 3).

Salivary P levels in the PrD group (mean = 21.5 mg/dl)
were found to be significantly higher than in the T group
(mean 15.4 mg/dl, P = 0.015) and C groups (mean
14.35 mg/dl, P = 0.001). In the D group, P levels were
found to be higher than in the C group although not statis-
tically significant (Table 3).

The salivary Mg concentrations in the D group (mean =
0.25 mg/dl) were found to be significantly lower than in the
PrD (mean = 0.55 mg/dl, P = 0.0004), T (mean = 0.57 mg/
dl, P = 0.002) and C groups (mean = 0.43 mg/dl, P =
0.017). The Mg values in the PrD group were found to be
significantly higher than in the C group (P = 0.048) as
depicted in Table 3.

The salivary Ca × P product in the PrD group was sig-
nificantly higher (mean 117.74) than in the D, T and C
groups (P = 0.0002, P = 0.01, P = 0.0001, respectively).
The Ca × P product for the T group was also significantly
higher than in the C and D groups (P = 0.002, P = 0.01,
respectively) as shown in Table 3.

In all the patient groups D, PrD and T (mean = 83.9,
80.5, 52.7 mg/dl, respectively), salivary U concentration
was significantly higher than in the C group (mean 31.6 mg/
dl; P = 0.002, P = 0.0001, P = 0.0001, respectively) with
more than a 2.5-fold increase in the D group followed by
the PrD and the T groups. A significant difference was also
found between the PrD group and the T group (P = 0.007)
(Table 3).

A significant correlation was found between GFR and
salivary U concentrations in the PrD and T groups (r =
−0.66, P = 0.001, r = −0.45, P = 0.022, respectively).
Also, a significantly higher salivary U concentration was
found in the D group followed by the PrD and the T groups
(Table 3) and corresponding to DCS (Table 2).

The Cr salivary concentration pattern resembled the urea
salivary concentration with significantly higher levels in
the D group (mean 0.59 mg/dl) followed by the PrD (mean
0.4 mg/dl), T (mean 0.15 mg/dl) and C groups (mean
0.14 mg/dl) (Table 3).

Oral mucosal pH scores

Table 4 represents the average of pH scores from seven in-
traoral mucosal sites. The average of pH values in the D
group was significantly higher (mean 7.38) than in the PrD
group (mean 6.82, P = 0.001), the T group (mean 6.73,
P = 0.0001) and the C group (mean 6.72, P = 0.0001). No
statistically significant difference was found in pH scores
between the PrD, the T and the C groups. A correlation be-
tween the average pH score and the DCS at the lower incisor
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Table 3. Serum and salivary biochemistry parameters in all examined groups

Control Pre-dialysis Dialysis Transplanted
Parameter [mean ±
SEM (range) median] Blooda Saliva Blood Saliva Blood Saliva Blood Saliva

Urea (mg/dl) 2–50 31.6 ± 2.8•,ˆ
(14–76] 26.5

ND 80.5 ± 8.3∗,ˆ,×
(16–142) 77

122.7 ± 8.4
(74–210) 115.5

83.9 ± 16.2∗
(16–197) 78.5

ND 52.7 ± 5.0∗,×
(23–141) 41

Creatinine (mg/dl) 0.5–1.1 0.14 ± 0.02•,×
(0.06–0.44)
0.11

2.06 ± 0.27
(0.81–5.7) 1.5

0.40 ± 0.08∗,ˆ
(0.02–2.1) 0.31

7.28 ± 0.36
(4.48–9.7) 7.15

0.59 ± 0.1∗ˆ
(0.13–1.47)
0.51

1.28 ± 0.11
(0.66–3.96)
1.17

0.15 ± 0.02•,×
(0.02–0.58)
0.11

Calcium (mg/dl) 9.2–11 1.79 ± 0.17ˆ,×
(0.5–4) 1.55

9.78 ± 0.2
(6.9–11.5) 10

4.41 ± 0.59∗,•,ˆ
(1.5–11.1) 3.42

9.5 ± 0.2,
(8.4–11.4) 9

1.18 ± 0.22ˆ×
(0.2–2.2) 1.2

10.0 ± 0.08
(9.2–11.2) 10

2.96 ± 0.28∗,•,×
(0.9–6.3) 2.8

Phosphorus (mg/dl) 3–6 15.82 ± 1.15×
(7.2–41.2)
14.35

5.0 ± 0.25
(2.7–9.4) 4.6

23.22 ± 2.10ˆ,∗
(9.3–52.3) 21.5

5.72 ± 0.27
(4.1–8.9) 5.4

20.77 ± 2.57
(7–36) 19.55

5.8 ± 1.4,
(2.6–47.0) 4.5

17.44 ± 1.46×
(7.7–42.5) 15.4

Magnesium (mg/dl) 1.6–2.4 0.46 ± 0.05•,×
(0.12–1.1) 0.43

ND 0.81 ± 0.16∗,•
(0.15–3.45)
0.55

ND 0.25 ± 0.05∗ˆ×
(0.01–0.47)
0.25

ND 0.64 ± 0.07∗,•
(0.17–1.67)
0.57

Calcium ×
phosphorus product

30–55 27.9 ± 3.5×,ˆ
(7.35–107.1)
22.75

48.45 ± 2.32
(24.84–80.84)

117.74 ±
28.07∗,•,ˆ
(55.86–528.13)
67.75

54.65 ± 3.07
(36.9–89.89)

25.56 ± 5.92×ˆ
(2.8–67.98)
24.66

59.4 ± 14. 7
(26.78–498.2)

52.96 ± 7.05∗,•,×
(11.7–161.55)
44.52

ND = not determined.
aNormal serum range adopted from [38].
∗Significant difference from the control group.
•Significant difference from the dialysis group.
×Significant difference from the pre-dialysis group.
ˆSignificant difference from the transplant group.
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Table 4. Intraoral mucosal pH score

pH (mean ± SD, range) Control Pre-dialysis Dialysis Transplanted

All sites 6.72 ± 0.06, 5.84–7.38∗∗ 6.82 ± 0.12, 5.60–7.85∗∗ 7.38 ± 0.13, 5.95–8.03 6.73 ± 0.07, 5.90–7.70∗∗
Hard palate 7.18 ± 0.13, 5.92–9.18∗ 7.05 ± 0.15, 5.77–8.45∗∗ 7.73 ± 0.14, 6.46–9.6 6.95 ± 0.09, 6.05–8.24∗∗
Soft palate 7.08 ± 0.12, 5.53–8.2∗ 7.1 ± 0.15, 5.74–8.47∗ 7.7 ± 0.16, 6.16–8.54 6.95 ± 0.1, 6.08–8.5∗∗
Right mucosa 6.46 ± 0.06, 5.75–7.42∗∗ 6.58 ± 0.1, 5.39–7.88∗∗ 7.05 ± 0.13, 5.92–7.75 6.42 ± 0.06, 5.5–6.88∗∗
Left mucosa 6.4 ± 0.07, 5.4–7.43∗∗ 6.56 ± 1, 5.5–7.58∗ 7.00 ± 0.13, 5.78–7.71 6.44 ± 0.07, 5.5–7.65∗∗
Posterior tongue 6.58 ± 0.09, 5.92–9.18∗∗ 6.80 ± 0.15, 5.36–7.95∗∗ 7.41 ± 0.16, 5.64–8.51 6.77 ± 0.08, 5.9–7.51∗∗
Middle tongue 6.63 ± 0.07, 5.72–7.35∗∗ 6.83 ± 0.14, 5.35–7.78∗∗ 7.45 ± 0.15, 5.82–8.51 6.82 ± 0.07, 5.96–7.6∗∗
Anterior tongue 6.71 ± 0.06, 5.84–7.38∗∗ 6.82 ± 0.12, 5.6–7.85∗∗ 7.35 ± 0.13, 5.90–8.37 6.77 ± 0.06, 6.15–7.58∗∗

Significant difference from the control group (∗P ≤ 0.05; ∗∗P ≤ 0.01).
•Significant difference from the dialysis group.
×Significant difference from the pre-dialysis group.
ˆSignificant difference from the transplant group.

site was found in the D group (correlation coefficient =
0.56, P = 0.017).

Calculus composition and salivary Ox and Cit
concentrations in saliva

Table 5 represents the Ca, P and Ox levels obtained form
dental calculus in five D patients. High levels of Ox were
found followed by P and Ca (means 19, 14 and 12%, re-
spectively) levels. Ox and Cit were measured in saliva of
five dialysis patients and five healthy age-matched children
(Table 5). More than a 3-fold increase in Ox levels was
found in the D group with only slight increase in the Cit
levels compared to the C group.

Discussion

To our knowledge, this study is the first to examine the
dental calculus formation in young patients with different
stages of chronic kidney disease (CKD) including pre- dia-
lytic (PrD) patients on dialysis (D) and patients after kidney
transplantation (T) compared to control healthy children.
Considering the mechanism of the calcification process and
the metabolic disturbances resulting from kidney dysfunc-
tion, we explored the Ca, P, U, Cr and Mg concentrations
in the secreted saliva of these patients and the pH levels in
intraoral mucosal sites.

DCS were found to be higher in the lingual aspect of the
lower incisors in all the study groups (Table 2). This find-
ing is consistent with previous observations of preferential
calculus formation on the lingual surface of the six lower
incisors due to their proximity to the orifices of the sub-
mandibular glands, which act as the reservoir of Ca and P
ions [8]. Interestingly, when we further explored the calcu-
lus composition in the most affected D patients (Table 5), we
found that the Ox component was observed. To our knowl-
edge, no previous studies have explored Ca–Ox as part of
dental calculus specifically in CKD patients. The fact that
an elevated concentration of Ox in saliva was observed is
probably due to the decrease in GFR and urinary excretion
in these patients. Higher oral pH levels were established in
the D group patients versus the C group (pH = 7.38, pH =

Fig. 1. Correlation between salivary parameters and dental calculus score
in chronic renal failure disease stage. DCS = dental calculus score,
CRF = chronic renal failure, PrD = pre-dialysis group D = dialysis
group, T = transplant group, ↑ = high salivary concentration, ↓ = low
salivary concentration, U = urea, Ca = calcium, Mg = magnesium.

6.72, respectively, Table 3). In this condition, Ca–Ox satu-
ration product becomes extremely high due to an equimolar
increase in Ox as compared to Ca. Consequently, it will lead
to a 10-fold higher increase in the saturation process and
hence to higher risk in crystal deposition.

Dental calculus was not found in control subjects
(Table 2) similar to pervious studies [1,2]. Interestingly,
the most abundant amount of calculus was found in the D
patient group, followed by the PrD group and the T group,
clearly demonstrating that deterioration of the renal func-
tion is accompanied by calculus formation reaching its peak
incidence in ESRD, and significantly improved after kidney
transplantation.

Blood U and Cr levels serve as indicators for the severity
of kidney disease. Previous studies have shown elevated
levels of salivary U concentrations in patients with ESRD
[27,28]. These observations correlate with our study where
both salivary U and Cr levels changed in saliva accord-
ing to the renal function, with the highest levels found
in the D group (Table 3). U has been shown to facilitate
dental plaque alkalinization [8], and therefore may con-
tribute to the highest rate of calculus formation in the D
group (Figure 1). In the PrD and T groups, a significant
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Table 5. Calculus composition in dialysis patients and salivary oxalate and citrate concentrations in dialysis group versus controls

Calculus composition (%) Saliva composition (mg/dl)

D group D group C group

# Ca Ox P Ox Cit Ox Cit
1 5 10 5 0.12 8.1 0.03 0.6
2 10 30 15 0.07 17.8 ND 8.3
3 15 25 15 0.12 7.2 0.04 1.9
4 25 10 20 ND 7.2 ND 17.1
5 5 20 15 0.08 8.7 0.02 14
Mean ± SD 12 ± 8.4 19 ± 8.9 14 ± 5.5 0.098 ± 0.05 9.8 ± 4.5 0.03 ± 0.02 8.4 ± 7.3

Calcium, oxalate and phosphate composition was obtained from calculus.
Oxalate and citrate were measured in saliva of five dialysis patients and five healthy age-matched children.
Ca = calcium; P = phosphorus; Ox = oxalate; Cit = citrate; ND = not detected; D = dialysis group; C = control group.

correlation was found between the GFR and the salivary
U concentrations (results are not shown). This observa-
tion may help in the future to assess renal function in
these two groups (i.e. PrD and T) by measuring salivary U
concentration.

The highest measurement of oral mucosal pH was found
in the D group corresponding to the salivary U concentra-
tions in this group. Moreover, a correlation between average
pH measurements and lower incisor DCS was found in this
group (correlation coefficient = 0.56, P = 0.017). This
observation can be explained by the abundant supply of
U from the salivary gland secretion hydrolysed by bacte-
ria with the release of ammonia, leading to an elevation of
pH in the dental plaque and further promoting Ca and P
precipitation [29,8].

The most significantly higher concentration of salivary
Ca was found in the PrD group. This finding may be a
reflection of the disturbed Ca metabolism in this patients’
group manifested by the high Ca burden followed by com-
pensatory secretion in saliva. Salivary Ca levels during dial-
ysis were reduced, probably in parallel to the reduction of
Ca levels in the serum at this stage. A further decrease
in salivary Ca secretion in the T group may be attributed
to a decrease in the Ca burden due to the improved renal
function and cessation of Ca-containing P-binder medica-
tions. Interestingly, Ca levels were still higher in the T group
compared to controls, which is probably related to the still
existing Ca overload state (Table 2).

P concentrations in the saliva in all groups were higher
than in the serum reaching almost a 5-fold increase in the
PrD group corresponding to the active mechanism of P
secretion from the salivary glands [30]. Recently, Savica
et al. [31] have found a significant increase in salivary P
levels in adult haemodialysis patients compared to healthy
controls; serum phosphorus was the only predictor of
increased excretion in saliva. The authors suggested that
increased salivary P secretion might be interpreted as being
compensatory in the presence of renal failure [31].

Consequently, upon renal function deterioration, more P
is secreted in the saliva leading to precipitation with Ca
and dental calculus formation as observed in this study
(Figure 1).

Elevated plasma P levels and high Ca × P ion product
play a key role in vascular calcifications, increasing the

prevalence of morbidity and mortality in CKD patients
[13,16,17,32–34]. Furthermore, several studies have shown
that long-term exposure to disturbed mineral metabolism
in paediatric CKD patients appears to contribute to the
development of coronary artery calcifications in young
adults with ESRD [13,19,35,36]. Vascular abnormalities
are already present in children and adolescents during early
stages of CKD. These abnormalities are more severe in chil-
dren on dialysis, improve after kidney transplantation and
are related to abnormal Ca–P metabolism. In recent years,
attention has focused on the mechanism of the calcification
process, its detection and monitoring as well as the role
of Ca–P as potentially modifiable risk factor in the devel-
opment and progression of vascular calcifications [16–18].
In this study, the salivary Ca × P product was significantly
higher in the PrD group followed by the T group (Table 3).
Interestingly, Ca × P product levels in the serum did not
significantly change between the groups. This discrepancy
between serum and saliva may be attributed to higher sali-
vary P secretion as previously discussed, emphasizing the
key role of P in dental calculus formation.

The lowest salivary Mg concentration was found in the D
group (Table 1). Mg acts as an inhibitor ion of the calcifica-
tion process further explaining the amplification of dental
calculus formation in the D group. Interestingly, Grases
et al. [37] showed previously less sialolithiasis forma-
tion in patients with higher salivary Mg concentrations
[36].

In conclusion, our study clearly demonstrates a possible
association between the severity of renal dysfunction in
young patients and the formation of dental calculus—an
additional manifestation of disturbed Ca–P homeostasis.

The combination of several components in saliva includ-
ing Ca, P, U and Mg plays an important role in this process.
The elevated Ox content finding in the D group patients’
saliva as well as a major component in their dental cal-
culi may also contribute to the understanding of calculus
formation process in CKD patients.
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16. Litwin M, Wühl E, Jourdan C et al. Altered morphologic properties
of large arteries in children with chronic renal failure and after renal
transplantation. J Am Soc Nephrol 2005; 16: 1494–1500

17. Mitsnefes MM, Kimball TR, Kartal J et al. Cardiac and vascular
adaptation in pediatric patients with chronic kidney disease: role of
calcium-phosphorus metabolism. J Am Soc Nephrol 2005; 16: 2796–
2803

18. Shrorff RC, Donald AE, Hiorns MP et al. Mineral metabolism and
vascular damage in children on dialysis. J Am Soc Nephrol 2007; 18:
2996–3003

19. Oh J, Wunsch R, Turzer M et al. Advanced coronary and carotid ar-
teriopathy in young adults with childhood-onset chronic renal failure.
Circulation 2002; 106: 100–105

20. Schwartz, GJ, Haycock GB, Edelman CM Jr. A simple estimate of
glomerular filtration rate in children derived from body length and
plasma creatinine. Pediatrics 1976; 58: 259–263

21. WHO oral hygiene indices http://www.whocollab.od.mah.se/expl/
ohigv60.html

22. Conroy C, Sturzenberger O. The rate of calculus formation in adults.
Periodontol 1968; 39: 142–144

23. Ben-Aryeh H, Shalev A, Szargel R et al. The salivary flow rate and
composition of whole and parotid resting and stimulated saliva in
young and old healthy subjects. Biochem Med Metab Biol 1986; 36:
260–265

24. Sagulin G, Roomans G. Effects of thyroxine and dexamethasone on
rat submandibular glands. J Dent Res 1998; 68: 1247–1251

25. Melvin J. Saliva and dental diseases. Curr Opin Dent 1991; 1: 795–
801

26. Aframian DJ, Davidowitz T, Benoliel R. The distribution of oral
mucosal pH values in healthy saliva secretors. Oral Dis 2006; 12:
420–423

27. Peterson S, Woodhead J, Crall J. Caries resistance in children with
chronic renal failure: plaque pH, salivary pH, and salivary composi-
tion. Pediatr Res 1985; 19: 796–799

28. Al- Nowaiser A, Roberts GJ, Trompeter RS. Oral health in children
with chronic renal failure. Pediatr Nephrol 2003; 18: 39–45

29. Sissons CH, Hancock EM, Cutress TW. The sources of variation in
ureolysis in artificial plaque cultured from human salivary bacteria.
Arch Oral Biol 1988; 33: 721–726

30. Rehak NN, Cecco SA, Csako G. Biochemical composition and elec-
trolyte balance of ‘unstimulated’ whole human saliva. Clin Chem Lab
Med 2000; 38: 335–343

31. Savica V, Calo LA, Caldarera R et al. Phosphatase salivary secretion
in hemodialysis patients: implications for the treatment of hyperphos-
phatemia. Nephron Physiol 2007; 105: 52–55

32. Block GA. Prevalence and clinical consequences of elevated Ca ×
P product in hemodialysis patients. Clin Nephrol 2000; 54: 318–
324

33. Ganesh SK, Stack AG, Levin NW et al. Association of elevated serum
PO(4), Ca × PO(4) product, and parathyroid hormone with cardiac
mortality risk in chronic hemodialysis patients. J Am Soc Nephrol
2001; 12: 2131–2138

34. Giachelli CM. Vascular calcification mechanisms. J Am Soc Nephrol
2004; 15: 2959–2964

35. Eifinger F, Wahn F, Querfeld U et al. Coronary artery calcifications
in children and young adults treated with renal replacement therapy.
Nephrol Dial Transplant 2000; 15: 1892–1894

36. Briese S, Wiesner S, Will JC et al. Arterial and cardiac disease in
young adults with childhood-onset end-stage renal disease-impact of
calcium and vitamin D therapy. Nephrol Dial Transplant 2006; 21:
1906–1914

37. Grases F, Santiago C, Simonet BM et al. Sialolithiasis: mechanism
of calculi formation and etiologic factors. Clin Chim Acta 2003; 334:
131–136

38. Nicholson JF, Pesce MA. Reference ranges for laboratory tests
and procedures laboratory testing in infants and children. In:
Behrman RE, Kliegman RA, Jenson HB (eds). Nelson Textbook
of Pediatrics. Philadelphia, PA: Saunders Elsevier, 2007, 2943–
2949

Received for publication: 11.6.08; Accepted in revised form: 19.2.09

 at U
niversity Library S

vetozar M
arkovic on A

pril 18, 2010 
http://ndt.oxfordjournals.org

D
ow

nloaded from
 

http://ndt.oxfordjournals.org

