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Abstract  
 
Background: Acute lymphoblastic leukemia is fast growing cancer of the white 

blood cell. Chemotherapy which has been used to treat malignant conditions has a 
negative impact on oral health condition among cancer patients. This 
observational study was conducted to determine the level of selected salivary 
physicochemical characteristics including flow rate and total antioxidant) in 
addition to evaluation of oral health status (dental plaque and gingival health 
condition) among a group of patients with acute lymphoblastic leukemia. 

Materials and methods: The present study included thirty patients with acute 
lymphoblastic leukemia aged (14-17) years old. Those patients attended Medical 
City in Baghdad and were admitted to the Hematological Center at Teaching 
Baghdad Hospital. All patients fullfitted certain inclusion criteria. Salivary sample 
collection and oral examination were carried at three visits: the first visit was 
carried out before receiving chemotherapy (at the day of admission)(baseline 
data), while the second visit was carried out at the day 15 (after starting 
chemotherapy), and the third visit was done at the day 30 (after starting 
chemotherapy). Stimulated salivary samples were collected and salivary flow rate 
was determined. Dental plaque was assessed according to criteria of plaque index 
by Sillness and Lӧe (1964) and gingival health condition was assessed according 
to the criteria of Modified Gingival Index for Lobene et al (1986). Salivary 
samples then were chemically analyzed for the detection of salivary total 
antioxidant. 

Results: In this study, salivary flow rate decreased with time (visits) (1.44±0.14, 
1.27±0.16, 1.02±0.53) with statistically highly significant differences (p<0.01). 
On the other hand, the mean values of plaque and gingival indices increased with 
time (visits) (0.89± 0.39, 1.22± 0.58, 1.82 ±0.75) (0.98± 0.49, 1.13± 0.46, 1.38 
±0.84) respectively and the differences were statistically highly significant 
(p<0.01). While salivary total antioxidant decreased with time (visits) (0.94±0.25, 
0.92±0.21, 0.82±0.21) with statistically significant differences (p<0.05).  

Conclusion: Acute lymphoblastic leukemia, its treatment and duration of treatment 
have direct and indirect impact on the oral health status of leukemic patients. 
Those patients had poor oral hygiene with high rate of gingivitis in addition to 
change in salivary physicochemical properties, thus, an organized, comprehensive 
oral health preventive and educational programs in addition to intense oral 
hygiene program before and during the first month of treatment with cytotoxic 
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drug (chemotherapy) are essential to improve their oral health condition and 
prevent oral problems and complications. 

 
Key words: salivary antioxidant, gingival health condition, leukemic patients.  
 
Introduction 
 

Acute lymphocytic leukemia is ‟a 
fast growing cancer of the white blood 
cell where the bone marrow makes lots 
of unformed cells called blast that 
normally would develop in to 
lymphocytes. However, the blasts are 
abnormal. They do not develop and 
cannot fight infections” (1).  

It develops quickly and need to be 
treated urgently. Treatment of 
leukemia includes multiagent 
chemotherapy alone or in combination 
with radiotherapy or surgery. 
Chemotherapy is the use of anticancer 
drugs designed to slow or stop the 
growth of rapidly dividing cancer cell 
in the body (2). It has an effect on 
general health, as it induces toxicity, 
infection and hemorrhage which are 
the major causes of treatment related 
mortality in acute leukemia (3,4). It also 
affects person’s oral health resulting in 
difficulty in eating, talking, chewing or 
swallowing (5). 

Sonis and Fey (2002) reported 
controversial result related to the side 
effect of different oncologic drugs on 
the oral cavity (6). Most of the 
antineoblastic drugs act 
indiscriminately on the basal cells of 
oral epithelium, altering its renewal 
capacity, this in turn, leads to the 
appearance of series of systemic and 
local side effects such as gingivitis, 
xerostomia, infection, hemorrhage and 
mucositis (7,8).  

Human saliva is an important 
biological fluid that plays a critical role 
in the maintenance of oral health (9,10). 
Saliva through its physical properties 
like flow rate, and chemical 
composition affects oral health status 
(11). Cancer patients undergoing 

treatment for their disease often 
experience severe difficulties in 
maintaining such functions (12). 

Saliva is rich in antioxidant 
compounds which are the most 
important defense mechanisms in 
saliva (13). Antioxidants play an 
important role in normal cell 
differentiation. It is a well known fact 
that activated oxygen species (AOS) 
are generated as a result of oxygen 
metabolism and energy production; 
they are also implicated in tumor 
progression. On the other hand, 
antioxidants have anticarcinogenic 
potential (14). The aggressive 
chemotherapy is the cornerstone of 
cancer therapy and it was suggested 
that antioxidants are reduced in 
patients with cancer (15). 

As far as there was no previous 
Iraqi longitudinal study concerning the 
patients with acute lymphoblastic 
leukemia, this observational study was 
designed and conducted to assess the 
oral health status and selected salivary 
physicochemical parameters among 
those patients to gain knowledge about 
possible oral problems and 
complications during the first month of 
treatment with chemotherapy, this in 
turn may aid in improving the oral 
health and preventing the oral 
problems and complications through 
the application of organized preventive 
and educational oral health programs 
with intense oral hygiene programs 
before and during the first month of 
treatment. 
 
Materials and methods 
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 The sample of this study consisted 
of thirty patients with acute 
lymphocytic leukemia of both gender 
(males and females) aged 14-17 years. 
The age was recorded according to the 
last birthday (WHO, 1997) (16). They 
were the patients who attended 
Medical City in Baghdad and were 
admitted to the Hematological Center 
at Teaching Baghdad Hospital where 
they diagnosed with acute lymphocytic 
leukemia, the diagnosis was 
established by bone marrow aspiration 
and biopsy. 

 Oral examination and recording of 
oral variable (dental plaque and 
gingival indices) in addition to saliva 
collection for assessing salivary 
physicochemical characteristics 
(salivary flow rate, determination of 
salivary total antioxidant) were 
performed at three visits by the 
researcher during the period of 
hospitalization: 
1. The first visit was at the day of 

admission to the hospital (day 0) 
before treatment with chemotherapy 
(baseline data). 

2. The second visit was performed 
after two weeks of admission (day 
15) i.e patient on chemotherapy. 

3. The third visit was performed at the 
day 30 of admission to the hospital 
(patient still undergo treatment with 
chemotherapy). 
 
The collection of stimulated 

salivary samples was performed 
according to the instructions cited by 
Tenovuo and Lagerlӧf (1994) and it 
was expressed as milliliter per minute 
(ml/min) (17). Then the salivary sample 
was centrifuged at 3000 r.p.m for 10 
minutes and the clear supernatants was 
separated by micropipette and stored at 
-20 C0 in a deep freeze till the time of 
biochemical analysis. Dental plaque 
was evaluated according to Sillness 
and Lӧe index (1964) (18), gingival 
health condition according to modified 

gingival index (1986) (19). The salivary 
total antioxidant was measures 
spectrophotometrically. Data analysis 
was conducted through the application 
of the SPSS. The analysis of data 
included: Paired t- test, one way 
ANOVA repeated measure, least 
significant differences (LSD) pair wise 
(repeated measure) test. 

 
Results 
      

The results showed that the mean 
values of salivary flow rate and total 
antioxidant decreased with time. 
Statistically, highly significant 
differences were found in mean values 
of salivary flow rate among visits and 
significant differences in mean values 
of total antioxidant among visits as 
show in Table (1). LSD test showed 
that there were statistically highly 
significant differences in salivary flow 
rate and total antioxidant between each 
pair of visits (p<0.01) except between 
the first and second visits regarding 
total antioxidant in which the 
differences was statistically not 
significant (p>0.05) Table (2). From 
the result of this study, it was found 
that the mean values of plaque and 
gingival indices increased with time. 
Statistically, highly significant 
differences were found in mean values 
of plaque and gingival indices among 
visits as show in Table (3). LSD test 
showed that there were statistically 
highly significant differences in plaque 
and gingival indices between each pair 
of visits (p<0.01) except between the 
first and second visits regarding 
gingival index where there was 
statistically significant difference 
(p<0.05) as show in Table (4). 

 
Discussion 

 
In recent decades, there was an 

increase in incidence rate of leukemia 
in various countries around the world 
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(20). Acute lymphocytic leukemia 
affects general health, causing series of 
clinical and oral manifestations (21). 
Furthermore, the toxicity associated 
with the use of chemotherapy and its 
side effects have a negative impact on 
patient’s quality of life (22), as it 
develops systemic and local (oral) 
complications which may result in 
significant morbidity, impaired 
nutrition, treatment delays and dose 
reduction which are affecting the 
prognosis of the primary disease (23) . 

Salivary flow rate and selected 
constituents were determined in this 
study as saliva through it 
physiochemical properties plays an 
essential role in maintaining the 
integrity of soft and hard tissue in the 
oral cavity (24). Data of the present 
study showed a reduction in salivary 
flow rate among leukemic patients 
with time, this may be attributed to the 
effect of chemotherapy which causes 
xerostomia and reduced salivary flow 
rate (25). Additionally, reduced salivary 
flow rate may be typically caused by 
anticholinergic medication utilized to 
control nausea and emesis (26). 

Further explanation for this 
reduction in salivary flow rate was the 
anxiety and emotional stress in patients 
with ALL. Such patients are known to 
be very anxious when cytotoxic 
therapy starts (27). Fever is another 
reason for reduction of the salivary 
flow rate as it is commonly present in 
many of ALL patients (28). This result 
was also reported by previous studies 
(29,30) 

The current study revealed a 
reduction in salivary TAO in leukemic 
patients among three visits this may be 
attributed to high level of free radicals 
in leukemic patients undergoing 
chemotherapy which cause oxidative 
stress and lead to depletion of TAO 
(degradation of antioxidants resulting 
from oxidative stress induced by 
chemotherapy). Furthermore, it is 

possible that cancer process itself 
causes the observed dysfunction of 
antioxidant system (31). Another 
explanation for reduced TAO among 
three visits is the low intake of 
exogenous antioxidant, as nutritional 
intake can be severely compromised by 
the pain associated with sever oral 
mucositis and taste change occur due 
to chemotherapy that limits food intake 
(32). Previous studies also reported this 
decline in TAO capacity in saliva of 
leukemic patients during chemotherapy 
(33,34). 

In this study the mean values of 
dental plaque increased with time with 
statistically highly significant 
differences between three visits, which 
may be related to reduced salivary 
flow rate (due to chemotherapy) which 
favors dental plaque accumulation (29). 
This result could be explain by the fact 
that the salivary flow rate may play an 
important role in relation to dental 
plaque accumulation since decrease of 
salivary flow rate leads to decrease of 
washing action of saliva and oral 
dryness as well as protective 
constituents decreased with decreased 
salivary flow rate (35). Another 
explanation for increased dental plaque 
accumulation among leukemic patients 
during visits is the neglect or poor oral 
health measures, as most of patients 
reported their afraid from brushing 
their teeth due to bleeding and 
susceptibility to infections (29).  Several 
studies also revealed that patients with 
ALL showed a significant increase in 
plaque accumulation (36,37). 

The result of the present study 
showed an increased in the mean 
values of gingival index during visits 
with statistically highly significant 
differences among three visits. This 
may be attributed to poor oral hygiene 
among ALL patients; this is supported 
by the results of the present study 
which revealed an increase in the mean 
values of dental plaque index among 
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three visits. It was reported that dental 
plaque plays an important role in the 
etiology and progression of gingival 
disease (38). Another explanation for 
this increase in gingivitis is decreased 
salivary flow rate in leukemic patients 
among three visits and this could 
explain by the fact that salivary flow 
rate plays an important role in relation 
to plaque accumulation (39). Also 
several studies reported that the 
severity of gingivitis was significantly 
higher in leukemic patients undergoing 
chemotherapy (36,37). 

In conclusion, the findings of the 
present study revealed that patients 
with ALL undergoing chemotherapy 
during the first month of the induction 
phase are at a high risk of developing 
oral problems and complications, thus 
an organized, comprehensive oral 
health preventive and educational 
programs before and during the first 
month of treatment with cytotoxic drug 
(chemotherapy) are essential to 
improve the oral health status of the 
patients and prevent oral complication 
and this in turn will decrease the risk 
of local and systemic infections which 
may pose a threat to the patient’s life. 

 
References 

 
1- Margolin JF, Steuber CP, Poplack DG. 

Acute lymphoblastic leukemia. In: Pizzo 
PA, Poplack DG, eds. Principles and 
Practice Oncology. 4th ed. Philadelphia: 
Lippincott Williams and Wilkins 2002; 
489-544. 

2- Caudy D, Davies G. Clinical Pediatics and 
Child Health. 2nd ed. Pholadelphia, 2004: 
319. 

3- Imone C, Everitt H, Kendrick T. Oxford 
hand book of general practice. 2nd ed. 
Italy 2005; 534-535. 

4- Yellon DM, Hausenloy DJ. Myocardial re 
perfusion injury. N Engl J Med 2007; 
357:1121. 

5- Franch AM, Estere CG, Perez GS. Oral 
manifestations and dental management of 
patient with leukocyte alterations. J Clin 
Exp Dent 2011; 3(1): 53-59. 

6- Sonis ST, Fey EG. Oral complications of 
cancer therapy. Oncology (Williston Park) 
2002; 16(5):680-6. 

7- Knox JJ, Puodziunas ALV, Feld R. 
Chemotherapy induced oral mucositis. 
Prevention and management. Drugs Aging 
2000; 17 (4): 257-67. 

8- Robien K, Schubert MN, Bruemmer B, 
Lloid ME, Potter JD, Ulrich CM.  
Predictors of oral mucositis in patients 
receiving hemtopoietic cell transplants for 
chronic myelogenous leukemia. J Clin 
Oncol 2004; 22 (7): 1268-75. 

9- Dawes C. Salivary flow patterns and the 
health of hard and soft oral tissues. JADA 
2008; 139(2): 18-24. 

10- Al- Kawas S, Rahim Z, Ferguson D. 
Potential uses of human salivary protein 
and peptide analysis in the diagnosis of 
disease. Arch Oral Biol 2012; 57(1):1-9. 

11- Limeback H. Comprehensive Preventive 
Dentistry. 3rd ed. John Wiley and Sons, 
2012. 

12- Jensen SB, Pedersen AM, Reibel J, 
Nauntofte B. Xerostomia and 
hypofunction of the salivary gland in 
cancer therapy. Support Care Cancer 
2003; 11 (4): 207-25. 

13- Symone M, San M, Lynne A, Edward P, 
and Kathy KH. Reactive  Oxygen Species 
and Antioxidant Defense Mechanisms in 
the Oral Cavity: A Literature Review. 
Dentalaegis 2011; 23(1):15-20. 

14- Valko M, Leibfritz D, Moncol J, Cronin 
MTD, Mazur M, Teser J. Free radicals and 
antioxidants in normal physiological 
functions and human disease. Int J 
Biochem Cell Biol 2006; 39- 44- 84. 

15- Conklin KA. Dietary antioxidants during 
cancer chemotherapy: Impact on 
chemotherapeutic effectiveness and 
development of side effects. Nutri Cancer 
2000; 37 (1):1-18. 

16- WHO. Oral health surveys basic methods. 
4th ed. World Health Organazation, 
Geneva, Switzerland, 1997.    

17- Tenovuo J, Lagerlof F. Saliva. In: 
textbook of clinical cariology. 2nd ed. 
Edeters Thylstrup A and Fejerskov O. Pp. 
17-43, chapter 2. Munksgaad, 
Copenhagen, Denmark, 1994. 

18- Sillness J, Loe H. Periodontal disease in 
pregnancy II. Acta Odontol Scand 1964; 
24: 747-759. 

19- Lobene RR, Weatherford T, Ross NM, 
Lamm RA, Menaker L. A modified 
gingival index for use in clinical trails. 
Clin Prev Dent 1986; 8 (1): 3-6. 



MDJ               Oral health status and selected salivary …                           Vol.:13 No.:1 2016 

 103 

20- Arbuthnot F. Denial, Selective Perception 
and Military Atrocities. Global research, 
September 22, 2010. 

21- Raber- Durlacher JE, Elad S, Barasch A: 
Oral mucositis. Oral Oncol 2010; 46 (6): 
452-456. 

22- Chaveli Lopez B, Gavalda Esteve C, 
Sarrion Perez MG. Dental treatment 
considerations in the chemotherapy 
patient. J Clin Exp Dent 2011; 3 (1):31-
42. 

23- Tunc I, Hala O, Kamer U. The acute 
effects of chemotherapy upon the oral 
cavity: Prevention and management. Turk 
J Cancer 2001; 31 (3): 1093-2001. 

24- Tiwari L. Science behind human saliva. J 
Nat Sc Biol Med 2011; 2 (1): 53-8. 

25- Peterson DE, Jones JB, Petit RG. 
Randomized, placebo- con- trolled trail of 
saforis for prevention and treatment of 
oral mucositis in breast cancer patients 
receiving anthracycline- based 
chemotherapy. Cancer 2007; 109 (2): 322-
31. 

26- Vendrell Rankin K, Jones DL, Redding 
SW. Oral health in cancer therapy, a guide 
for health care professional. 3rd ed. 2010. 

27- Steele J, Walls A. Preventionin aging 
dentition. In: Murry J, Nunn J, Steele J. 
4th ed. Oxford, USA, 2003. 

28- Meir HM, balawi IA, Meer HM, Nayel H, 
Al-Mobarak MF. Fever and 
granulocytobenia in children with acute 
lymphoblastic leukemia under induction 
therapy. Saudi Med J 2001; 22(5): 423-7. 

29- Hegde AM, Joshi S, Shetty S. Evaluation 
of oral hygiene status, salivary 
characteristic and dental caries experience 
in acute lymphoblastic leukemia (ALL) 
children. J Clin Pediatr Dent 2011; 35 (3): 
319-23. 

30- Mi- Sun Kang, Jong- Suk oh, Kyung- Yi 
Jeong, Hyeong- Joon Kim, Je- Jung Lee, 
Guem- Sug Lee, Hoi- Jeong Lim, Hae- 
Soon Lim. Analysis of cariogenic bacteria 
in saliva of cancer patients. Chonnam Med 
J 2013; 49 (2): 75-80. 

31- Dalla- Donne R, Rossi R, Colombo R, 
Giustarini D, Milazani A. ‟ Biomarkers of 

oxidative stress in human disease ”. 
Clinical Chemistry 2006; 52 (4): 601-623. 

32- Kelkel M, Jacob C, Dicato M, Diederich 
M. Potential of dietary antioxidants 
resveratrol and curcumin in prevention 
and treatment of hematological 
malignancies. Molecules 2010; 15 (10): 
7035-7074. 

33- Naz A, Shamsi TS, Sattar A, Mahboob T. 
Oxidative stress and total antioxidant 
status in acute leukemia at diagnosis and 
post remission induction phase. Pak J 
Pharm Sci 2013; 26 (6): 1123-30. 

34- Atheer A, Mehde, Ammar M, Yousif. 
Estimation of melanoaldehyde, total 
antioxidant capacity and some 
biochemical parameter in CSF and Sera in 
patients with acute lymphoblastic 
leukemia. Australian Journal of Basic and 
Applied Sciences 2014; 8 (5): 329-333. 

35- Goe L, Baysac M, Todd K, Linton J. 
Assessing the prevalence of dental caries 
among elementary school children in 
North Korea: a cross- sectional survey in 
the Kangwon province. Int J Dent Hyg 
2005; 3 (3): 112-116. 

36- Al- Rawi NA, Al- Dafaai RR, Sammi M. 
Effect of chemotherapy on oral health 
status and salivary alkaline phosphatase 
among leukemic patients. J Bagh College 
Dentistry 2013; 25 (1): 137-139. 

37- Vankatesh Babu NS, Kavyashree BS. 
Comparative Evaluation of Oral Health 
Status in Children with Acute 
Lymphoblastic Leukemia. International 
Journal of Scientific Study 2015; 2 (10): 
52-55. 

38- Kinane DF, Bartold PM. Clinical 
relevalance of host response of 
periodontitis. Periodontol 2007; 43: 278-
93. 

39- Wyne- Amjad H, Al- Gorabi B, Al- Asiri 
Y, Khan N. Caries prevalence in Saudi 
primary school children of Riyadh and 
their teachers’ oral health Knowledge, 
attitude and practice. Saudi Med J 2002; 
23 (1): 77-81. 

 
 
 

 
  
  
  
  



MDJ               Oral health status and selected salivary …                           Vol.:13 No.:1 2016 

 104 

Table 1: Salivary physicochemical parameters of the sample among three visits. 
 

Visits 
First Second Third Statistical analysis Salivary parameter 

Mean±SD Mean±SD Mean±SD df F P- value 
Flow rate (ml/min) 1.44±0.14 1.27±0.16 1.02±0.53 1.14 58.32 0.00** 
Total antioxidants (mmol/l) 0.94±0.25 0.92±0.21 0.82±0.21 1.12 4.20 0.04* 

  
Table 2: Comparison of significance of salivary physicochemical parameters of the 
sample. 
 

Salivary parameter Visits Mean Difference Sig. 
Second 0.17 0.00** First Third 0.41 0.00** Flow rate (ml / min) 

Second Third 0.24 0.00** 
Second 0.02 0.64# First 

Third 0.12 0.03** Total  antioxidant (mmol/L) 
Second Third 0.09 0.00** 

 
Table 3: Plaque and gingival indices of sample among three visits. 
 

First visit Second visit Third visit Statistical analysis Variable Mean±SD Mean±SD Mean±SD Df F P- value 
PlI 0.89± 0.39 1.22± 0.58 1.82 ±0.75 1.40 51.48 0.00** 
GI 0.98± 0.49 1.13± 0.46 1.38 ±0.84 1.31 17.02 0.00** 

 
Table 4: Comparison of significance of plaque and gingival indices among three 
visits. 
 

Variable No. of Visit Mean Difference P- value 
Second -0.33 0.00** First Third -0.93 0.00** PlI 

Second Third -0.60 0.00** 
Second -0.16 0.01* First Third -0.40 0.00** GI 

Second Third -0.25 0.00** 
 


