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ABSTRACT

Background: Acute lymphoblastic leukemia (ALL), accounting for 23% of all malignancies in children, 
is the most prevalent pediatric malignancy. This study compared dental caries, oral hygiene status, 
salivary pH, and Streptococcus mutans counts in dental plaques and saliva of children with leukemia 
with those of healthy controls.
Materials and Methods: This case–control cross‑sectional study assessed 32 children with 
ALL and 32 healthy children (4–9‑year‑old) for gingival bleeding index (GBI), decayed, missing, and 
filled/decayed, missing, and filled surfaces (DMF/dmfs), and plaque index (PI). Sampling was performed 
to determine salivary pH and S. mutans counts of the participants. The two groups matched in 
terms of age, gender, and socioeconomic status. The groups were compared using independent 
t‑test, Mann–Whitney test, Chi‑square test, and Spearman’s and Pearson’s correlation analyses.
Results: The mean DMF/dmfs and GBI were significantly higher in the ALL group (PDMF/dmfs = 0.03; 
PGBI = 0.04). However, the two groups were not significantly different in the mean PI values (P = 0.47). 
The mean S. mutans counts in dental plaques and saliva of the children with leukemia were significantly 
lower than the healthy controls (P < 0.01). Moreover, the mean salivary pH was significantly lower 
in the ALL group compared to the control group (P < 0.01).
Conclusion: Higher caries and gingival bleeding rates, higher dental plaque accumulation in 
children with ALL, decreased salivary pH, and cumulative effects of other risk factors highlight the 
significance of oral hygiene training programs (for the parents of these children) and regular dental 
examinations for these children.
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INTRODUCTION

Acute lymphoblastic leukemia  (ALL), the most 
prevalent malignancy in children, accounts for 23% 
of all malignancies in children younger than 15 years 
of age worldwide. While advances in the treatment of 

ALL have increased the 5‑year survival rate for all 
children with the disease to over 85%,[1] various types 
of infection have been suggested to be responsible for 
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the majority of morbidity and mortality among these 
patients.[2] Since 25%–45% of cases of septicemia 
in patients with neutropenic cancer stem from oral 
bacteria,[3] oral health, both during and after treatment, 
is critical to the patients’ general health.

The nature and treatment of ALL can exert direct 
and indirect effects on the patients’ oral health.[4] As 
leukemic cells can invade and enter the gums and 
deeper periodontal tissues, they can cause not only 
gingivitis but also soreness, bleeding, and infection in 
various oral tissues. Cytotoxic drugs can also lead to 
mucositis  (atrophy and mucosal lesions) and increase 
the risk of local and systemic infections.[4]

Despite extensive knowledge about acute oral 
complications, for example, mucositis and other viral 
and fungal infections, in children under the treatment 
for cancer, research has not largely assessed the 
effects of cancer and anticancer agents on the risk 
of dental caries. Previous studies have reported the 
prevalence of dental caries in children with cancer to 
be equal to or higher than that in healthy children.[1,5‑8] 
Furthermore, chemotherapy has been found to induce 
qualitative changes in enamel and dentin structures.[8]

Caries lesion, Streptococcus mutans, and dental 
plaque counts have long been considered as indicators 
of caries activity. On the other hand, salivary pH and 
buffering capacity can also determine the properties 
of saliva and the risk of caries development. 
A combination of various indicators can thus enhance 
the effectiveness of screening programs to identify 
individuals with high risk of dental caries.[1] In a 
comparison between children with leukemia and 
healthy children, Lauritano and Petruzzi[9] found 
higher risk of dental caries development and more 
severe dental anomalies in the first group. Similarly, 
Hegde et  al.[5] reported children with ALL to have 
less favorable oral health status, higher rate of decay, 
and lower salivary pH, flow, and antioxidant content 
compared to the control group. Meanwhile, despite 
the presence of higher gingival bleeding index  (GBI) 
and plaque index  (PI) in children  (age  <13  years) 
with ALL compared to the control group, Maciel 
et  al.[10] failed to establish significant differences in 
decayed, missing, and filled teeth  (DMFT) score 
and saliva flow between the two groups. In a study 
by Ou‑Yang et  al.,[1] the mean decayed, missing, and 
filled surfaces  (DMFS) score was higher  (but not 
significantly), and salivary pH and buffering capacity 
were lower in children with ALL than in the control 

group. On the other hand, while the salivary counts of 
S. mutans were substantially lower in the patients, the 
two groups were similar in the number of lactobacilli. 
Likewise, O’Sullivan et  al.[11] detected lower salivary 
counts of S. mutans in children with ALL.

Since no previous research has focused on oral health 
status of children with ALL in Iran, the current study 
sought to compare a group of Iranian children with 
leukemia with their healthy counterparts in terms of 
dental caries, salivary pH, dental plaque and salivary 
S.  mutans counts, oral hygiene, and gum health 
status. We hope that our findings can highlight the 
significance of preventive measures in the oral health 
of children with ALL and facilitate the development 
of a more appropriate treatment protocol for these 
patients.

MATERIALS AND METHODS

This case–control cross‑sectional study recruited 
32 children  (age: 4–9  years old) with ALL whose 
diagnosis has been made at least 1  year before the 
study  (ALL group). The patients had been in the 
maintenance stage for a minimum of 6  months. 
Convenience sampling was applied to select the 
participants from the children visiting the Pediatric 
Hematology Ward of Omid Hospital  (Isfahan, Iran). 
Data were collected during the maintenance stage of 
the disease when similar medications (mercaptopurine, 
vincristine, cyclophosphamide, and prednisone) were 
administered for all patients. None of the children 
had received prophylactic cranial radiation therapy 
or radiotherapy as a part of their treatment. The 
children were not included if they had any other 
systemic diseases or used medicines other than 
anticancer drugs.

The control group comprised 32 healthy 
4–9‑year‑old children who visited the Pediatric 
Dental Clinic of School of Dentistry, Isfahan Azad 
University  (Khorasgan, Iran). These children did 
not use any medication and matched the ALL group 
in terms of age, gender, and socioeconomic status 
(based on the Socioeconomic Classification Criteria in 
the UK).

Parents of all children were asked to sign a consent 
form and complete a demographic questionnaire. Oral 
health of all children was then examined by a person 
whose intraexaminer reliability had been confirmed. 
During the examinations, the participants were in a 
supine position in a dental chair. Dental caries were 
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scored based on the dmfs index for primary teeth and 
the DMFS index for permanent teeth. DMF and dmfs 
were also summed up for each child. These indexes 
were performed according to the World Health 
Organization criteria, and the collected values were 
recorded  (separately for each tooth) in previously 
prepared forms. O’Leary’s PI and GBI were also 
evaluated to assess oral hygiene and gum health, 
respectively.[12]

In the next step, saliva samples were collected from 
all children at least 2  h after their breakfast. The 
participants were instructed not to wear lipsticks, 
brush their teeth during the 2  h before sampling, 
or use antimicrobial mouth rinses the day before 
sampling. In addition, none of the participants had 
received fluoride therapy during the 14‑day period 
before the sampling or consumed antibiotics or any 
antimicrobial agent over the past 28 days.

A pH indicator strip (Merck, Germany) was placed in 
each participant’s mouth  (buccal sulcus) and allowed 
10 s any color change to occur. Salivary pH was then 
determined by matching the strips with the color code 
chart available in the commercial kit. The obtained 
values were then recorded in relevant forms.

A chairside microbiological tests (Dentocult SM Strip 
mutans, Orion Diagnostica, Finland) as used to detect 
and count dental plaques and salivary S.  mutans. 
The method involved the application of a selective 
medium and the adhesion and growth of S.  mutans 
on specific strips. To stimulate the secretion of saliva 
and facilitate the transfer of S.  mutans from dental 
surfaces to saliva, the participants were asked to 
chew a paraffin pellet (available in the kit) for 1 min. 
Afterward, strips for saliva and plaque  (round‑  and 
square‑tipped strips, respectively) were used 
according to the manufacturer’s instructions to collect 
samples from the children’s saliva and dental plaques. 
The strips were vertically placed in vials containing 
the selective medium. The vials were placed in an 
incubator and incubated at 37°C for 48  h. After this 
period, S. mutans manifested as pointed blue colonies. 
S. mutans counts in saliva and dental plaques (colonies 
per milliliter) were determined by comparing the 
density of the observed colonies with the standard 
colony chart provided by the kit  [Figure  1]. The 
extracted values were recorded and used to calculate 
caries risk for each child.

Independent t‑test, Mann–Whitney test, and 
Chi‑square test along with Spearman’s and Pearson’s 

correlation analyses were conducted to compare 
the mean values of quantitative variables in the two 
groups. All analyses were performed with SPSS 
for Windows 18.0 and 20.0  (SPSS Inc., Chicago, 
IL, USA).

RESULTS

The mean age of the ALL and control groups was 
7.0 ± 1.8 and 6.8 ± 1.8 years, respectively (P = 0.65). 
Girls and boys constituted 43.8%  (n  =  14) and 
56.2% (n = 18) of the ALL group, respectively. There 
were 16 boys and 16 girls  (50% each) in the control 
group. According to Chi‑square test results, the two 
groups were not significantly different in terms of sex 
distribution (P = 0.61).

Table  1 shows the mean of DMF/dmfs in the two 
groups. The frequency of all indices, except for filled 
surfaces  (F/fs), was higher in children with ALL than 
in the control group. Although the mean frequencies 

Table 1: The mean frequency of decayed, missing, 
and filled surfaces in 4-9‑year‑old children with 
and without acute lymphoblastic leukemia
Variable ALL 

group
Control 
group

P

Decayed surfaces (D/ds) 14.8±7.6 11.4±7.3 0.04
Missing surfaces (M/ms) 3.5±4.7 2.4±3.6 0.15
Filled surfaces (F/fs) 1.8±4.8 2.1±3.5 0.36
Decayed, missing, and filled surfaces 
(DMF/dmfs)

20.2±9.1 16.0±8.8 0.03

ALL: Acute lymphoblastic leukemia

Figure 1: The standard chart for determination of Streptococcus 
mutans counts.
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of decayed surfaces  (D/ds) and DMF/dmfs were 
significantly higher in the ALL group than in controls, 
no significant difference was observed between the 
two groups in terms of missing surfaces  (M/ms) 
and F/fs.

Oral examinations revealed the mean GBI to be 
significantly higher in children with ALL compared to 
the control group (27.4% ± 12.4% vs. 22.1% ± 12.5%; 
P  =  0.04). However, the two groups were not 
significantly different in the mean PI  (42.7% ± 9.2% 
vs. 42.5% ± 11.8%; P  =  0.47). Moreover, while 
salivary pH ranged between 5 and 7 in both groups, 
the mean values were significantly lower in the 
ALL group than in the control group  (5.7  ±  0.58  vs. 
6.19 ± 0.56; P = 0/001).

Tables  2 and 3 show the frequency distribution of 
S.  mutans in the saliva and dental plaques of the 
ALL and control groups. Comparisons between the 
two groups using Mann–Whitney tests suggested 
the frequency of S.  mutans to be significantly 
lower in the saliva and dental plaques of the ALL 
group  (P  <  0.001). There were direct correlations 
between salivary and dental plaque S.  mutans counts 
in both the ALL and control groups  (r  =  0.56; 
P  <  0.001 and r  =  0.51; P  =  0.001, respectively). 
In contrast, based on the calculated Spearman’s 
correlation coefficients, salivary pH in either the 
ALL or the control group was not significantly 
correlated with salivary or dental plaque S.  mutans 
counts (P > 0.05).

Pearson’s correlation coefficients confirmed the 
absence of significant correlations between salivary 
pH and DMF/dmfs in the two groups. Moreover, 
according to the obtained Spearman’s correlation 
coefficients, DMF/dmfs was not significantly 
correlated with S.  mutans counts in the saliva and 
dental plaques of either group [Table 4].

DISCUSSION

The severe complications of ALL and chemotherapy 
on the oral health of affected children, for example, 
gingivitis, mucositis, candidiasis, and other 
opportunistic infections get worse by passing time.[8,13] 
In an attempt to assess the oral health of ALL children, 
the current study evaluated their dental plaques, 
degree of caries, and presence/absence of gingival 
bleeding. It also sought to determine caries risk by 
measuring salivary pH and S.  mutans counts in the 
dental plaques and saliva of the mentioned patients. To 

prevent variations in anticancer treatment modalities, 
all recruited patients were in the maintenance stage of 
the treatment. On the other hand, the effects of various 
confounding factors such as health and dietary habits, 
pH status, and previous microflora were minimized 
by selecting a control group which matched the ALL 
group in terms of socioeconomic status  (both groups 
were from low socioeconomic classes).

In the present research, the mean DMF/dmfs was 
significantly higher in the ALL group than in the 
control group. Likewise, Lauritano and Petruzzi 
reported higher caries risk in children with ALL 
than in their healthy counterparts.[9] In a comparison 
between children under chemotherapy and a healthy 
control group, Pajari et  al. also found higher DMFT 
and DMFS in the first group.[14] Ou‑Yang et  al.,[1] 

Table 2: Frequency distribution of Streptococcus 
mutans in the saliva of children with acute 
lymphoblastic leukemia and the control group
Grade of salivary 
S. mutans (CFU/ml)

ALL group (%) Control group (%)

0 (<10,000) 15 (46.9) 1 (3.1)
1 (10,000-100,000) 14 (43.8) 6 (18.8)
2 (100,000-1,000,000) 3 (9.4) 9 (28.1)
3 (>1,000,000) 0 16 (50)
Total 32 (100) 32 (100)

S. mutans: Streptococcus mutans; ALL: Acute lymphoblastic leukemia

Table 3: Frequency distribution of Streptococcus 
mutans in dental plaques of children with acute 
lymphoblastic leukemia and the control group
Grade of salivary S. mutans 
(CFU/ml)

ALL group Control group

0 (<10,000) 7 (21.9) 1 (3.1)
1 (10,000-100,000) 12 (37.5) 3 (9.4)
2 (100,000-1,000,000) 7 (21.9) 7 (21.9)
3 (>1,000,000) 6 (18.8) 21 (65.6)
Total 32 (100) 32 (100)

S. mutans: Streptococcus mutans; ALL: Acute lymphoblastic leukemia

Table 4: Correlation coefficients between 
decayed, missing, and filled surfaces and salivary 
pH and Streptococcus mutans counts in the 
saliva and dental plaques of children with acute 
lymphoblastic leukemia and the control group
Variable DMF/dmfs

ALL group Control group
Salivary pH 0.28 (−0.11) 0.38 (0.05)
Salivary S. mutans counts 0.14 (0.19) 0.13 (−0.2)
S. mutans counts in dental plaques 0.32 (0.08) 0.49 (0.005)

S. mutans: Streptococcus mutans; ALL: Acute lymphoblastic leukemia
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Hegde et  al.,[5] and Nasim et  al.[8] obtained similar 
results.

We also examined D/ds, M/ms, and F/fs separately 
in both groups. While the mean D/ds and M/ms 
were higher in the ALL group compared to the 
control group, the mean F/fs in children with ALL 
was lower  (although not significantly) that in the 
control group. The lower F/fs in the ALL group 
highlighted their parents’ neglect of the significance 
of periodic dental examinations and dental treatment 
(if necessary) for these children. In contrast to our 
findings, some studies have failed to detect any 
significant difference between the DMFT of ALL 
and healthy children.[7,10] This inconsistency can be 
justified by the fact that the mentioned studies have 
considered DMFT instead of DMFS (which is a more 
accurate measure). Differences in the participants’ age 
and treatment phase, recommendations of the medical 
team regarding oral health, and parents’ attention 
to their children’s regular dental examinations 
might have also been responsible for the observed 
discrepancy.

GBI, first introduced by Barnes and Carter, assesses 
bleeding in proximal surfaces and reflects the presence 
or absence of gingivitis.[12] Similar to Maciel et al.,[10] 
we found the mean GBI to be significantly higher in 
the ALL group than in the control group  (P  =  0.04). 
The mean GBI in ALL children in the present 
study  (27.4%) was also close to the rate reported by 
Maciel et  al.[10]  (26.5%). On the other hand, Nasim 
et  al.[8] detected moderate gingivitis in children with 
ALL. Ponce‑Torres et  al.[15] reported the presence of 
gingivitis in 91.84% of children with leukemia. In 
fact, the nature of ALL and the adverse effects of 
cytotoxic drugs can cause petechiae or ecchymosis in 
the oral mucosa and create a tendency toward gingival 
bleeding. As plaque and debris accumulation is 
considered as a major local stimulus, such a tendency 
toward bleeding would be more apparent in children 
with poor oral hygiene.[9,13]

In the assessment of the participants’ oral health 
status, we did not observe a significant difference 
in O’Leary’s PI between the ALL and control 
groups  (42.7% vs. 42.5%). Poor oral hygiene of both 
groups  (due to their low socioeconomic status) and 
failure to perform regular and correct toothbrushing 
and flossing can justify the absence of a significant 
difference between sick and healthy participants. In 
contrast, Maciel et  al.[10] found significantly higher 

visible PI in children with ALL than in controls. They 
identified hypoplastic enamel (caused by radiotherapy) 
and the consequent increase in surface roughness and 
plaque adhesion to be responsible for the observed 
difference. Likewise, Ponce‑Torres et  al.[15] suggested 
poor oral hygiene to be accountable for dental caries, 
gingivitis, and periodontitis in children with ALL.

We used a chairside microbiological tests 
(Dentocult SM Strip mutans) to calculate S.  mutans 
counts. This kit produces reliable results and can be 
easily used at physician offices to identify high‑risk 
individuals.[1,16‑18] S.  mutans are believed to play a 
critical role in the initiation of dental caries. Long‑term 
studies have shown substantially higher caries activity 
in individuals with higher levels of S.  mutans.[19‑21] 
We detected significantly lower S.  mutans counts in 
the dental plaques and saliva of children undergoing 
chemotherapy compared to the control group. In fact, 
60% and 90% of children with ALL had S.  mutans 
counts lower than 105 CFU/ml in their dental plaques 
and saliva, respectively. Similarly, Ou‑Yang et  al.[1] 
found significantly lower salivary S.  mutans counts 
in children under the treatment for ALL. In addition 
to this finding, O’Sullivan et  al.[11] indicated that 
S. mutans counts during chemotherapy were lower than 
the values measured before and after the treatment. 
However, Pajari et al.[22] found contradicting results as 
they recruited a large sample of patients with various 
malignancies  (in addition to leukemia) who were in 
different phases of treatment  (either in the course 
of treatment or years later) and receiving dissimilar 
treatment modalities. Reduced S.  mutans counts 
during chemotherapy might be caused by decreased 
volume of saliva and immune system disturbances. 
Moreover, the inhibitory effects of anticancer 
drugs such as daunorubicin and methotrexate on 
S.  mutans should also be taken into account in this 
regard.[1,11,23,24] Using sensitivity tests, O’Sullivan 
et al.[11] showed that daunorubicin, a chemotherapeutic 
agent commonly administered during induction 
and consolidation phases of treatment, resulted in 
considerable reductions in S.  mutans counts. They 
affirmed that such effects could last throughout the 
maintenance phase. Decreased S.  mutans counts in 
the dental plaques and saliva of patients in the current 
research can also be attributed to the administration 
of antibiotics  (e.g.,  cotrimoxazole) following various 
infections during treatment. Despite our efforts to 
select patients who had not received antibiotics for 
at least 4 weeks before the study, the ongoing impact 
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of such agents might have affected the presence of 
bacteria in the oral cavity. Furthermore, considering 
the low socioeconomic status of the participants, their 
families might have provided inaccurate information 
about their history of antibiotic consumption.

Under natural circumstances, human saliva contains 
a wide range of organic and inorganic buffering 
agents which can neutralize the acidic products of 
oral bacteria. Salivary pH is a major determinant of 
an individual’s susceptibility to dental caries.[1,25,26] 
Similar to the findings of Ou‑Yang et  al.,[1] Hegde 
et  al.,[5] and Sepet et  al.,[27] we detected significantly 
lower salivary pH in the ALL group than 
in the healthy control group. The inhibitory 
(and probably irreversible) effects of cytotoxic 
drugs on salivary glands might have contributed to 
this difference.[1] Pajari et  al.[22] concluded that the 
reduction in pH remained stable even years after the 
children’s recovery.

Despite the significantly lower S.  mutans counts in 
ALL children  (compared to the control group), their 
DMF/dmfs was significantly higher than the healthy 
controls. Dental caries is a complicated, multifactorial 
condition whose development depends on numerous 
risk factors. Although S.  mutans is thought to 
initiate caries formation, their presence is not 
sufficient for caries development. In other words, 
several criteria such as the presence of lactobacilli 
are required for caries to progress and affect other 
dental surfaces.[28] Ou‑Yang et  al.[1] did not establish 
a significant difference in lactobacilli counts between 
ALL and healthy children.

Other factors such as reduced salivary pH and flow 
following chemotherapy and the resultant increase 
in the consumption of sweet drinks and sweet and 
soft foods  (due to oral lesions and mucositis caused 
by the treatment and difficulty swallowing) can 
also be responsible for higher caries rates in ALL 
children despite their lower oral S.  mutans counts. 
Poor oral hygiene, ignoring the significance of dental 
examinations and specific dental care routines as a 
result of parents’ inadequate attention to underlying 
hematologic diseases, and failure to receive fluoride 
are also accepted to contribute to the mentioned 
condition.[15,29,30] On the other hand, some dentists 
refuse to provide children with leukemia with 
appropriate dental care as they are worried about 
infections or severe bleeding during the treatment 
process.

According to the above‑mentioned facts, children 
with hematologic diseases require not only 
antineoplastic treatments but also special oral 
care. Therefore, to prevent and treat the probable 
leukemia‑induced dental‑mucosal diseases, pediatric 
dentists are recommended to regularly examine these 
children until at least 24 months after their recovery. 
They should also instruct the children to maintain 
perfect oral hygiene, drink lots of water, chewing 
gums and use artificial saliva to prevent dry mouth, 
and use fluoride regularly.[8] Proper oral hygiene and 
health of patients with leukemia can be ensured by 
close cooperation between pediatric hematologists 
and dentists, general dentists, and dental hygienists. 
Finally, since the complications of ALL and the 
adverse effects of antineoplastic treatments are 
inevitable, improving leukemic children’s quality of 
life can play a critical role in preventing harmful 
effects on their oral health.

CONCLUSION

Dental plaque accumulation and the frequency of 
gingivitis and gingival bleeding were significantly 
higher in the studied children with ALL than in their 
healthy counterparts. Due to the lower salivary pH 
in the ALL group and the cumulative effects of other 
risk factors, timely treatment of dental problems and 
promoting oral and general health in children with 
ALL will require educating both children and their 
parents about oral hygiene and planning regular 
dental monitoring and examination programs for the 
children.
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