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Abstract
Background This study aimed to determine whether dental
calculus formation is really higher among patients with
chronic kidney disease undergoing hemodialysis than among
controls. Furthermore, the study evaluated correlations be-
tween dental calculus formation and dental plaque, variables
that are related to renal disease and/or saliva composition.
Methods The Renal Group was composed of 30 patients
undergoing hemodialysis, whereas the Healthy Group had
30 clinically healthy patients. Stimulated whole saliva and
parotid saliva were collected. Salivary flow rate and calcium
and phosphate concentrations were determined. In the Renal
Group the saliva collection was carried out before and after
a hemodialysis session. Patients from both groups received
intraoral exams, oral hygiene instructions, and dental scal-
ing. Three months later, the dental calculus was measured
by the Volpe–Manhold method to determine the rate of
dental calculus formation.

Results The Renal Group presented a higher rate of dental
calculus formation (p<0.01). Correlation was observed be-
tween rate of dental calculus formation and whole saliva
flow rate in the Renal Group after a hemodialysis session
(r00.44, p<0.05). The presence of dental calculus was
associated with phosphate concentration in whole saliva
from the Renal Group (p<0.05).
Conclusion In conclusion, patients undergoing hemodialy-
sis presented accelerated dental calculus formation, proba-
bly due to salivary variables.

Keywords Chronic kidney disease . Dental calculus . Oral
manifestations . Child . Adolescents

Introduction

Chronic kidney disease (CKD) is related to many oral man-
ifestations, such as low prevalence of dental caries, enamel
hypoplasia, delayed tooth eruption, dental staining due to
iron supplementation, dry mouth, low salivary flow rate, and
altered salivary composition. In addition, the presence of
dental calculus (mineralized dental plaque) is considered
one of the most common oral manifestations in patients with
CKD [1–6]. However, the studies that suggest an increased
tendency for dental calculus formation as an oral manifes-
tation of CKD are generally based on a single dental calcu-
lus measurement. This procedure is not sufficient to classify
a patient as having a heavy dental calculus deposition be-
cause the dental calculus may have been building up over a
long period. Thus, to observe the true dental calculus for-
mation rate, the patient must be without any dental calculus
at the baseline and, later, the measurement is made to
determine whether this patient has a tendency for dental
calculus formation.

As dental plaque (biofilm composed of a community of
micro-organisms embedded in an extracellular matrix of
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polymers of host and microbial origin) precedes dental
calculus formation [5, 6], the presence of dental calculus
may be associated with personal characteristics of oral hy-
giene [7]. Nevertheless, some authors have suggested a
relationship between dental calculus and systemic variables
of CKD [3, 8]. So, it remains unclear whether the presence
of dental calculus in patients with CKD is related to personal
characteristics of oral hygiene or to systemic variables due
the renal disease [9]. Thus, additional studies are necessary
to identify factors that could influence dental calculus for-
mation in patients with CKD in order to help establish a
preventive program to improve the oral health of these
patients.

Therefore, this study aimed to determine the rate of
dental calculus formation in children and adolescents
with CKD undergoing hemodialysis and compared them
with clinically healthy patients to certify whether dental
calculus formation is really higher among patients with
CKD. Furthermore the study evaluated the correlation
between dental calculus formation and dental plaque,
variables that are related to renal disease and/or saliva
composition.

Material and methods

The study comprised a group of 38 children and ado-
lescents with CKD from both genders, with ages rang-
ing from 7 to 19 years old, who were undergoing
hemodialysis at eight different nephrology centers (Rio
de Janeiro, Brazil) to make up the Renal Group. The
Healthy Group was paired in age and gender to the
Renal Group and comprised 38 clinically healthy
patients with no history of chronic illnesses, especially
renal disease, who came for dental treatment at the
dental school of a public university in Rio de Janeiro,
Brazil. The medical history of the Renal Group
concerning CKD, such as when it was diagnosed, how
long the patient had been undergoing hemodialysis, and
the medications prescribed, was obtained from their
medical records. Exclusion criteria for the Renal Group
included any patient who had been submitted to kidney
transplantation and for the Healthy Group any patient
who had used any continuous medication during the
6 months prior to this study. Also, for both groups,
any participant receiving orthodontic treatment was ex-
cluded from the study.

After personal data collection, stimulated whole sali-
va and parotid saliva were collected from all partici-
pants to determine the salivary flow rate and the
calcium and phosphate concentrations. For the Renal
Group, saliva was collected at two different times: just
prior to the first hemodialysis session of the week, and

subsequent to completion of the same hemodialysis
session. All participants were instructed not to eat for
at least 1 h before saliva collection. Whole saliva was
stimulated by chewing on a piece of Parafilm (10×
10 cm, weighing 1.40 g) and parotid saliva by applying
a 2 % citric acid solution onto the lateral border of the
tongue for 30 s. Parotid saliva was collected by a
Lashley cup placed at the orifice of the Stenon duct.
Both salivary collections were carried out over a 5-min
period. The saliva secreted in the first 30 s was dis-
carded. The salivary flow rate (ml/min) was calculated
soon after collection. For laboratorial analysis, samples
were prepared by mixing equal quantities of saliva and
10 % nitric acid solution. Calcium and phosphate con-
centrations were analyzed by inductively coupled argon
plasma with atomic emission spectrometry [10].

Following saliva collection, an intraoral exam was
performed to verify the presence of dental plaque and
dental calculus based on the Plaque Index System [11]
and the Volpe–Manhold method [12]. Oral hygiene
instructions were given individually to each participant.
They also received a toothbrush, dental floss, and den-
tifrice. Twice a week, the main researcher helped
patients individually to perform the proper toothbrushing
techniques. This procedure was repeated until the par-
ticipants achieved satisfactory dental plaque control.
Participants with dental calculus underwent scaling.
Thus, at this first stage of data collection—considered
the baseline—no participant had dental calculus accu-
mulation and all had satisfactory dental plaque control.

The second stage of data collection took place
3 months later, when another intraoral exam was per-
formed and the Plaque Index System [11], the Gingival
Index System [13], and Volpe–Manhold method [12]
were once more employed. The Volpe–Manhold method
measured the height of the dental calculus deposited at
three lingual surface sites (one vertical and two diago-
nal) of anterior lower teeth by using a periodontal probe
(Hu-friedy, PCP 15, North Caroline University, NC,
USA). As the Volpe–Manhold method is expressed in
millimeters of dental calculus per tooth, the rate of
dental calculus formation was established by dividing
the result of the Volpe–Manhold method by three (num-
ber of months between baseline and the moment when
the Volpe–Manhold method was carried out). Thus,
results were expressed in millimeters per tooth per
month. Based on the height of dental calculus formed
per tooth per month, participants were classified as
having light (0–0.5 mm), moderate (0.6–1.5 mm), or
heavy (>1.6 mm) dental calculus formation, as sug-
gested by Epstein et al. [14].

All stages of data collection were performed by the
same examiner who was previously trained in the
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Volpe–Manhold method (ICC00.99). This study was
approved by the Local Ethical Committee, and written
informed consent was obtained from all guardians and
verbal assent from children and adolescents. Further-
more, all participants and their parents were informed
whether any dental treatment was necessary and subse-
quently were referred to the dental school clinic.

Statistical analyses were conducted using SPSS 11.0
(SPSS, Chicago, IL, USA). Statistical significance of the
differences between the Renal Group and the Healthy
Group was analyzed using Mann–Whitney and Kruskal–
Wallis tests for quantitative variables (mean, minimum,
maximum), and the chi-square test was applied to the
qualitative variables. In addition, the Wilcoxon test was
used to analyze differences between the salivary varia-
bles at the different collection times (before and after
the hemodialysis session of the Renal Group). The
Pearson correlation test was used to analyze differences
between salivary variables and the rate of dental calcu-
lus formation. The confidence interval (CI) for analyses
was set at 95 %.

Results

Eight patients from the Renal Group received kidney
transplants before the end of data collection and conse-
quently were excluded from the study. To keep the
groups paired, eight participants from the Healthy
Group were also excluded. Thus, the final total sample
was 30 individuals in each group. The mean age in the
Renal Group was 12.93±3.54 years and in the Healthy
Group 12.18±3.37 years. In both groups, the sample
was composed of ten girls and 20 boys. The different
etiological causes attributed to CKD in the Renal Group
were nephrotic syndrome, peritonitis, chronic pyelone-
phritis, rapidly progressive glomerulonephritis, neuro-
genic bladder, lupus nephritis, congenital malformation,
and Alport syndrome. The mean length of time since CKD
was first diagnosed was 6.55±5.15 (range 0.5–16.66) years,
and mean age at the time of diagnosis was 8.33±5.22 (range
0–17) years. Participants had undergone hemodialysis for a
mean of 2.72 (range 0.08–10) years. In terms of

medication, all participants in the Renal Group were
receiving antihypertensives, diuretics, and/or calcium
carbonate.

Dental plaque, gingival inflammation, and dental cal-
culus were considered present when the result of the
applied indices was different from zero. The frequency
of participants who presented dental plaque, gingival
inflammation, and dental calculus in each group; mean,
minimum, and maximum of dental calculus index; and
rate of dental calculus formation in both groups are
shown in Table 1. Table 2 shows participant classifica-
tion based on the rate of dental calculus formation. In
both groups, dental plaque was not associated with
gingival inflammation or dental calculus. Dental calculus
was not associated with gingival inflammation (p>0.05). The
presence of dental calculus and its rate of formation in the
Renal Group did not reveal any statistically significant asso-
ciation with medication that had been administered, mean
length of time since CKD was first diagnosed, or mean time
of treatment (p>0.05).

Data for salivary flow rate and calcium and phos-
phate concentrations in stimulated whole and parotid
saliva are shown in Tables 3 and 4, respectively. When
the salivary variables were compared with the presence
of dental calculus and its rate of formation, statistically
significant results were observed only between stimulat-
ed whole saliva flow rate in the Renal Group after the
hemodialysis session and the rate of calculus formation
(r00.44, p<0.05) and phosphate concentration in stim-
ulated whole saliva and the presence of calculus also in
the Renal Group (p<0.05).

Discussion

Studies about the tendency of patients with CKD to
form dental calculus must be based on the rate of dental
calculus formation with a proper baseline (i.e., starting
without the presence of dental calculus) in order to
assess dental calculus formation [8]. If dental calculus
formation is observed just at one particular time, it
cannot reveal a formation rate, as the calculus would
have been building up over an unknown period of time.

Table 1 Oral variables: fre-
quencies (%) and values (mean,
minimum, maximum) from the
Healthy Group and the Renal
Group

aSignificant statistical differen-
ces within groups

Oral variables Healthy Group (n030) Renal Group (n030)

Presence of dental plaque 30.6 % 38.6 %

Presence of gingival inflammation 11.1 % 20.5 %

Presence of dental calculusa 36.1 % 75 %

Calculus index (mm/tooth)a 0.37 (0–3.66) 2.09 (0–18.5)

Rate of calculus formation (mm/tooth/month)a 0.13 (0–1.22) 0.60 (0–6.16)
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As this study aimed to determine the rate of dental
calculus formation associated with CKD, a baseline time
was established at which no dental calculus was present
in order to observe accumulation at the end of a 3-month
period. This study is important because, to the best of our
knowledge, there has been no research thus far addressing
dental calculus formation rate in children and adolescents with
CKD.

The results show that our study participants with
CKD presented a higher dental calculus formation when
compared with healthy children and adolescents, which
was expressed by the calculus index applied and the
rate of dental calculus formation determined. However,
it must be emphasized that the rate of dental calculus
formation in the Renal Group was more than four times
higher than that observed in the Healthy Group. An
indication of the importance of measuring dental calcu-
lus formation rate (and not just the presence of dental
calculus itself) is that, when these results are compared
with our previous study [4], in which dental calculus
was measured without a prestudy scaling, even with
similar results (higher dental calculus accumulation in
the Renal Group), the values observed were different.
Our previous study found that 26.6 % of participants
from the Healthy Group were considered as having
heavy dental calculus formation. In the study reported
here, however, no participant with heavy dental calculus
formation was observed in the Healthy Group.

Regarding dental calculus formation classification, most
participants from the Healthy Group (91.70 %) were classi-
fied as having light and none (0 %) as having heavy dental
calculus formation. On the other hand, although most par-
ticipants in the Renal Group (61.11 %) were considered as
having light dental calculus formation, 33.3 % and 5.6 %
were classified as having, respectively, moderate and heavy

dental calculus formation based on the amount of calculus
formed per month. A statistically significant difference
could be observed between groups.

As it is not known whether the frequency of dental
calculus in patients with CKD is related to a lack of oral
hygiene or to systemic variables due to the renal disease [9],
we instructed all study participants on proper toothbrushing
techniques and motivated them to take good oral care before
we recorded baseline data. Even though the Renal Group
had more dental plaque than the Healthy Group, there was
no significant statistical difference between groups, corrob-
orating with an earlier study [2]. Besides, no association
between the presence of dental plaque and dental calculus
was observed. Considering that dental plaque deposition
precedes dental calculus formation [7], this last result rein-
forces the hypothesis that systemic variables of CKD could
be related to dental calculus formation [15].

Another finding that corroborates with the cited hypoth-
esis is a case described by Davidovich et al. [16]: In a
2-year-old with excessive dental calculus deposits un-
dergoing hemodialysis, dental calculus was mechanically
removed and oral hygiene instructions were emphasized,
but dental calculus reappeared to the same extent
4 months later, even when the infant had fair oral
hygiene during that time. Surprisingly, 4 and 8 months after
renal transplantation, no signs of dental calculus were ob-
served, although massive plaque accumulation could be ob-
served. This finding emphasizes the need for further studies
examining the influence of complex pathogenic mechanisms
arising from CKD on processes in the oral cavity, including
examination of saliva composition.

The presence of dental plaque in patients with CKD was
strongly associated with gingival inflammation by other
authors [8], but this finding was not observed in our study.
Our data are in agreement with Lucas and Roberts [17], who

Table 2 Classification of
Healthy Group and Renal Group
based on the rate of dental cal-
culus formation

Chi-square; p<0.01

Dental calculus classification Healthy Group (n030) Renal Group (n030)

Light 91.70 % 61.11 %

Moderate 8.3 % 33.3 %

Heavy 0 5.6 %

Table 3 Whole saliva flow rate and calcium and phosphate concentrations (mean, minimum, maximum) in the Healthy Group and Renal Group
(before and after hemodialysis)

Variables in whole saliva Healthy Group Renal Group before hemodialysis Renal Group after hemodialysis

Flow rate (ml/min) 0.91 (0.20–2.08) 0.65 (0.20–2.00)a 0.83 (0.20–2.24)

Calcium (mEq/l) 1.17 (0.35–3.18) 1.21 (0.39–4.75) 0.90 (0.18–1.61)

Phosphate (mEq/l) 3.31 (0.22–5.48) 3.10 (0.43–5.96) 3.32 (0.01–7.38)

Mann–Whitney, Wilcoxon (p<0.05)
a Significant statistical differences within groups
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affirmed that gingival inflammation is not a common oral
manifestation in children with CKD. Nevertheless, a previ-
ous study [18] suggested that the paleness of gingival tissue
caused by anemia can hide gingival inflammation. Also, a
tendency for all periodontal parameters to increase with the
duration of hemodialysis was observed in another study
with children [15]. However, in our study, when considering
the influence hemodialysis treatment duration on dental
calculus formation, it was not possible to establish any
correlation, which is in accordance with Bot et al. [2]. In
addition, no correlation was observed related to any other
renal disease variables.

The presence of large amounts of dental calculus in
patients with CKD is also suggested to be due to the high
calcium and phosphorus supplementation often used as part
of the dietary control of CKD [17]. For this reason, the
relationship between dental calculus formation and the ad-
ministration of calcium carbonate, a phosphate binder that
provides additional calcium intake [19], was investigated in
this study. Calcium carbonate is known to cause deposition
of calculus in soft-tissues and urinary tissues as a side-effect.
It is taken orally, every day, by the majority of participants
in our Renal Group (85.4 %). Hence, it was suspected that
this medication could also influence dental calculus deposi-
tion. Nevertheless, this hypothesis was not confirmed by the
results herein discussed.

Another hypothesis is that salivary changes might have
contributed to a higher dental calculus deposition in partic-
ipants with CKD [2]. Therefore, calcium and phosphate
concentrations in saliva and their relationships to dental
calculus formation were investigated, as they are the main
components of dental calculus [7]. However, only phos-
phate concentration in stimulated whole saliva was associ-
ated with dental calculus in the Renal Group, corroborating
with Epstein et al. [14], who affirmed that elevated levels of
phosphate, and also protein, may contribute to dental calcu-
lus formation in these individuals. According to Davidovich
et al. [20], who studied the association between renal dys-
function severity in young patients and the formation of
dental calculus, more phosphate is secreted in saliva due to
renal function deterioration, and precipitation with calcium
occurs, leading to dental calculus formation.

Even so, it must be remembered that dental calculus
formation consists of complex processes that involve nu-
merous calcium phosphate phases, as well as interactions
between these ions and organic molecules [19]. For exam-
ple, authors of a study exploring calcium-oxalate (CaOx) as
part of dental calculus specifically in CKD patients, ob-
served an elevated concentration of Ox in saliva, probably
due to the decrease in glomerular filtration rate and urinary
excretion [20]. In addition, selective adsorption of salivary
components is involved in this process [21], which may also
be a result of increased pH in dental plaque and, conse-
quently, more supersaturated saliva with respect to hydroxy-
apatite [22]. So, it must be noted that the degree of
supersaturation of plaque fluid increases when its pH is
high. Thus, calculus formation is most likely to occur when
dental plaque pH remains above the critical level for long
periods. Furthermore, the high salivary film velocity will
bring more urea to that region, leading to an elevated dental
plaque pH. The urea in saliva diffuses into plaque and can
be converted by certain bacteria into ammonia and carbon
dioxide (CO2), causing a rise in dental plaque pH [23].
Therefore, dental calculus accumulation in patients with
CKD must also be associated with increased pH of the oral
cavity, as observed by Davidovich et al. [16]. Hence, it is
difficult to relate a higher rate of dental calculus formation
to specific changes in salivary composition, as it is unclear
which specific factor or combination of salivary factors is
involved [14]. Nevertheless, it is important that, in our
study, statistically significant results could be observed only
in the Renal Group, suggesting that the salivary variable in
these patients may actually be associated with dental calcu-
lus formation.

Based on our results, it is possible to conclude that
children and adolescents with CKD experience an acceler-
ated rate of dental calculus formation, which seems to be
influenced by salivary variables. Considering that dental
calculus acts as a retentive factor to dental plaque, which
can contain products toxic to soft tissue, it is suggested that
scaling must be carried out at least every 3 months to
prevent future oral infections. In addition, good oral hygiene
must be emphasized and the patient motivated to carry it out
to improve oral health.

Table 4 Parotid saliva flow rate and calcium and phosphate concentrations (mean, minimum, maximum) in the Healthy Group and Renal Group
(before and after hemodialysis)

Variables in parotid saliva Healthy Group Renal Group before hemodialysis Renal Group after hemodialysis

Flow rate (ml/min) 0.84 (0.10–1.84) 0.47 (0.10–1.10)a 0.85 (0.10–1.78)

Calcium (mEq/l) 0.67 (0.33–1.07) 1.45 (0.19–4.99)a 1.15 (0.37–1.89)

Phosphate (mEq/l) 2.24 (0.06–3.33) 2.17 (0.35–3.83) 2.08 (0.37–3.65)

Mann–Whitney, Wilcoxon (p<0.05)
a Significant statistical differences within groups
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