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ABSTRACT

Purpose: Evaluation of oral health status in children undergoing hemodialysis 
sessions and kidney transplantation and compared them with healthy children. 
Materials and Methods: This descriptive study was conducted on 250 children aged 
6-18 years old (100 children undergoing hemodialysis, 50 children undergoing kidney 
transplantation and 100 healthy children as a control group). The oral health status was 
evaluated regarding to caries experience, gingivitis using PMA index, developmental 
defects using modified DDE index. Un-stimulated salivary flow rate and pH were also 
measured. Results: caries experience was significantly lower in both chronic kidney 
disease (CKD) groups compared to control group. Median PMA was significantly 
higher in hemodialysis and in transplantation groups compared to control group. The 
prevalence of developmental enamel defects was 41% in hemodialysis group and 
58% in transplantation group compared to 11% in control group (P-value < 0.001). 
Regarding to saliva analysis, the flow rate was higher among healthy children while 
the salivary PH was higher among children with CKD. Conclusions: chronic kidney 
disease may decrease caries experience, increase gingival inflammation, in addition 
to increase prevalence of developmental defects. Furthermore, children with chronic 
kidney disease have lower salivary flow rate and higher buffering capacity than healthy 
children.
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INTRODUCTION

Oral health can be considered as a predictor of 
general health. Nearly 90% of patients suffering 
from chronic renal failure (CRF) have oral symp-
toms that affect both hard and soft tissue. These 
manifestations may be caused by etiologic factors 
of kidney disease, or the process of dialysis, and 
kidney transplantation (1-4).The oral manifestations 
of the children suffering from chronic renal failure 
are mainly depend on the age of the child at the on-
set of the disease, the type of kidney disease, spe-
cific conditions of the host and the administered 
medication (5).

Many researches have stated low caries preva-
lence (8.5%) among patients with CKD compared 
to their control groups (40%) this may be due to 
elevated buffering capacity of saliva as a result 
of high level of salivary urea and a low count of 
Streptococci mutans. Additionally, an alternation in 
production of acid in kidney disease patients due to 
high concentration of salivary urea, which leads to 
less H+ ion production by dental plaque (6-8).

Gingival inflammation was noticed significantly 
in children suffering from CKD compared to healthy 
children. This may be related to the prescribed drugs; 
it was found that children undergoing treatment 
with nifedipine and/or cyclosporine A had higher 
prevalence of gingivitis (6,7,9).

Renal dysfunction can cause enamel hypoplasia.  
It was observed that children suffering from renal 
failure had high prevalence of developmental 
defects of enamel ranged from 57% to 83% in 
permanent teeth (6,10). The position and the extent 
of the defects are critically depending on the age 
of the patient, timing and duration of the systemic 
metabolic disease. Another factor responsible for 
the disruption of the enamel defects is abnormal 
calcium-phosphorous metabolism. This causes an 
elevation in serum P and a reduction of plasma Ca. 
Thus, the enamel defects were reported in children 
suffering from Ca deficiency (6,11). Moreover, the 
plasma fluoride concentration may be elevated due 

to renal dysfunction, leading to dental fluorosis. 
Dental fluorosis was recorded among 77% of the 
populations with chronic kidney disease (5,12). 

Alterations in salivary Ca, P, magnesium and 
elevated salivary pH were established in Patients 
with CRF; furthermore, increased salivary urea lead 
to precipitation of Ca-P and Ca-Ox (11).

One of the major oral symptoms among renal 
failure child is oral malodor. It commonly occurs 
due to infections, xerostomia, and bad oral hygiene. 
The major cause of uremic odors which may occur 
in 71.1% of CRF patients is the presence of toxins 
due to inadequate clearance during dialysis (13).

Inter consultation between physician and dentist 
is essential in pediatric patients with chronic kidney 
disease. It should be performed as early as possible. 
The dentist can educate the mother about hygiene 
care of the child, risk factors for dental caries and 
use of preventive measures to minimize the risk of 
oral diseases (6).

Depending on the clinical situation of the child; a 
preventive program must be planned and mandatory 
followed each 3 months (14,15). Dental treatment in 
patients undergoing hemodialysis is suitable to be 
performed the day after renal dialysis as there is an 
electrolyte balance. While surgical intervention is 
advised not to be performed before eight hours after 
renal dialysis (15,16). 

It was found that Patients suffering from kidney 
disease have an elevated level of fluoride in plasma, 
so systemic fluoride is contraindicated. Furthermore, 
the dentist should advices the use of alcohol-free 
mouth wash and artificial saliva in CRF patients to 
minimize the risk of xerostomia (15).

It is critical to remove any source of infection 
in the mouth as soon as possible especially in 
patients who has problems in the heart in addition 
to renal dysfunction. Antibiotic prophylaxis should 
be prescribed  if there is risk of septicemia in case 
of placement of orthodontic appliances, periodontal 
treatment, extractions, endodontic treatment and 
periapical surgery,…etc.(14,17).
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Although the presence of such researches in this 
field in the world wide but there is a limited data 
in Egypt about oral and dental changes in children 
suffering from chronic renal failure who undergoing 
dialysis or transplantation therapy. Therefore, this 
study was conducted to assess the oral health status 
among these patients.

MATERIALS AND METHODS

A descriptive cross sectional study design was 
used. All children of both gender with an age ranged 
from 6-18 years; undergoing hemodialysis and kid-
ney transplantation from October 2018 to October 
2019 were included. The total number of them was 
150 children (100 children were undergoing hemo-
dialysis and 50 children were undergoing kidney 
transplantation). Children maintain regular hemodi-
alysis was selected from Pediatric Nephrology clin-
ic, Pediatric Hospital at Mansoura University; while 
children with kidney transplantation were selected 
from Mansoura Urology and Nephrology Center. A 
number of 100 Children with the same age range, 
gender and socioeconomic status to the study group 
and who were free from any systemic disease were 
included as a control group. They were selected 
from governmental schools, Mansoura city.

This study was performed after an approval 
from Ethical committee of the Faculty of Dentistry, 
Mansoura University.  An informed written consent 
was taken from the parent of each child after a brief 
description of the study protocol. 

The clinical examination of all cases was per-
formed by one examiner. To ensure consistency of 
examination a group of 20 healthy children were 
examined by the same examiner using all indices 
used in this study. By comparing the results of the 
two examinations the agreement Kappa value (18) 
was (95%).

The clinical examination was done visually for 
each child under a good source of artificial light, 
using mouth mirror and a dental probe. The diagnosis 
was done According to the criteria published by the 

World Health Organization (WHO)(19) using dft index 
for deciduous teeth and DMFT index for permanent 
teeth(20,21).The tooth was considered decayed if there 
is undermining of enamel, cavitation, softening in 
base or wall, temporary filling, recurrent caries and 
remaining root.

Each child was evaluated for any gingival in-
flammation using Papillary, Marginal and Attached 
(PMA) Index(22) ; Score 0: Normal, no inflamma-
tion. Score1: presence of inflammation. PMA Index 
per person is the sum of all the scores.

The Modified Developmental Defects of Enamel 
Index (Modified

DDE Index)(23) was used to diagnose any changes 
in the enamel. The labial or buccal surface of 8 
index permanent teeth was examined (bilateral 1st 
and 2nd maxillary incisors, bilateral maxillary first 
premolars, and bilateral first mandibular molars) 

Score1 for Demarcated opacity, score 2 for dif-
fuse opacity, score 3 for Hypoplasia pits and score 4 
for other defects. For the Modified DDE Index (23), 
the results were expressed as frequency or percent-
age distribution not mean scores.

For saliva sample; The child instructed not to 
eat or drink, not chewing any chewing gums, not 
brush their teeth and not use any mouthwashes for 
one hour prior to saliva collection (un-stimulated 
saliva). Child was allowed sitting upright position 
on the chair and relaxing for a few minutes then sa-
liva allowed to droll into a graduated container with 
funnel continuously for 5 minutes without making 
any mechanical movements of the mouth(24). The 
collection of saliva was done between 9 and 12 am. 

The saliva flow rate was determined by the 
amount of saliva collected at graduated tubes for 5 
minutes, the results were converted to ml per min-
ute. Unstimulated salivary flow rate in normal per-
son is 0.3-0.4 ml per minute and below 0.1ml per 
minute is significantly abnormal (24). 
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Salivary pH value was measured by using 
Universal Test Paper (DF) with complete four color 
indicator chart by placing 0.5 ml of each saliva 
sample using plastic syringe on absorbent surface 
of PH strip with the pad facing up. The color 
change was assessed after 30 seconds. The result 
was obtained by comparing the color which has 
developed with that on the color chart (24)    

The data were statistical analyzed using the Statisti-
cal Package of Social Science SPSS version 21(SPSS, 
Inc., Chicago, IL, USA). The data were examined for 
normal distribution using Kolmogorov-Smirnov test. 
Qualitative data were presented as number and per-
centage and compared using chi-square test. Quanti-
tative data were presented as mean and standard de-
viation for parametric data and median (min-max) for 
non-parametric data. Mann-Whitney test was used to 
compare means of two groups. One-Way ANOVA test 
(for parametric data) and Kruskal- Wallis test (for non-
parametric data) were used to compare means of more 
two groups. A P-value of ≤0.05 was considered to be 
statistically significant.

RESULTS

It was found that the caries prevalence was 
significantly lower in kidney disease groups than 
control group. It was 55% and 54% in kidney 
disease groups compared to 77% in control group 
(P value≤0.05). (Table 1)

Table (1): Dental caries prevalence and experience among the studied groups:

P value of
ANOVA Test

dft
X-±SD

P value of
ANOVA Test

DMFT
X-±SD

P value of
x2 test

Caries prevalence
n   ( %)Groups

<0.001*

0.39±1.2 a

0.810

1.25±1.8

0.002*

55   (55%) aHemodialysis
N=100

0.46±1.1b1.34±1.8(54%) b27   transplantation
N=50

1.68±2.6ab1.42±1.977   (77%)abControl
N=100

N : number of children within each group.
n: number of children affected by caries  in each group.
a, b : similar letters include significant differences between groups P ≤ 0.05
* : significant difference P ≤ 0.05.

Concerning to gingival condition among the 
studied group; it was revealed that the median 
PMA scores significantly increased with age among 
all groups; in addition to that the gingivitis was 
significantly higher among the transplantation group 
and hemodialysis group than the control group (P 
value≤0.05). (Table 2)

Regarding to Developmental defects, it was 
found that kidney disease groups have higher 
prevalence of developmental defects than the 
control group. The transplantation group have the 
highest prevalence of developmental defects (58%) 
followed by hemodialysis group (42%) while 
in control group it was (11%) and this difference 
was statistically significant (P value≤0.05) and the 
highest defect in all studied groups was demarcated 
opacity (score 1). (Table 3)

For salivary test, it was found that salivary 
flow rate was higher in control group (0.281±0.15) 
followed by hemodialysis group (0.231±0.12) 
and then transplantation group (0.215±0.09). But 
these differences were only significant between 
transplantation and control groups. In the other 
hand the salivary PH was higher among children 
with chronic kidney disease than healthy children, 
and these difference was statistically significant  
(P value ≤ 0.05) (table 4)
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Table (2): Gingival condition using PMA index in 
relation to age:

Groups
PMA median (Max-Max)

6-12years                          
>12 years

p value 
of  Mann 

whitney test

Hemodialysis 12.00  
(0.0-52) ab

26.00  
(0.0-65) a <0.001*

Transplantation 19.00  
(0.0-56) ac

31.00  
(4.00-56) ab 0.008*

Control group 8.00  
(0.0-40) bc

24.00  
(0.0-42) b <0.001*

P value of 
Kruskal wallis 

test
0.009* 0.002*

Mann Whitney test was used to compare between 
two medians
 Kruskal Wallis test was used to compare between 
more than two medians
a, b, c: similar letters include significant difference 
between groups 

Table (3): The prevalence of different scores of 
developmental defects among studied groups:

Groups Hemodialysis
N=100

Transplantation
N=50 

Control
N=100

P value 
of 

X2test

Total prevalence of developmental defects

Affected
n (%) 42(42%) ab 29(58%)ac 11(11%bc <0.001*

Different scores of Modified DDE Index

Score 1 
n(%) 20(20%) a 17 (34%) b 10(10%)ab 0.002*

Score 2  
n(%) 9(9%) ab 11 (22%) ac 2 (2%) bc <0.001*

Score 3  
n(%) 18 (18%) a 13 (26%) b 3 (3%) ab <0.001*

Score 4  
n(%) 10 (10%) a 2 (4%) b 0 (0%)a 0.004*

N : number of children within each group.
n: number of children affected by developmental 
defects in each group.
a, b, c: dissimilar letters include significant differ-
ence between groups
*: significant difference P-value≤0.05
Score1:Demarcated opacity, score 2:diffuse opacity, 
score 3: Hypoplasia and score 4: other defects

Table (4): Salivary flow rate and pH among the 
studied groups:

Groups Flow rate
(X-±SD)

pH
( X-±SD)

Hemodialysis
(N=100)

0.231±0.12 a 7.54±0.70 ab

Transplantation
(N=50)

0.215±0.09 b 6.98±0.82 ac

Control
(N=100)

0.281±0.15 b 6.45±0.82 bc

P value of
ANOVA Test 0.029* <0.001*

a, b, c: dissimilar letters include significant differ-
ence between groups  
*: significant difference P-value≤ 0.05

DISCUSSION

This study was conducted on children with 
CKD who undergoing hemodialysis and kidney 
transplantation therapies to evaluate their oral health 
status that considers as an important component of 
general health and affects positively on individual’s 
quality of life (25).

Dental caries was detected using dft and DMFT 
indices which are considered the simplest and the 
most commonly used index in epidemiological 
surveys of dental caries. This caries index assesses 
dental health status depending on the number of 
carious, missing, and filled teeth. Due to its simplic-
ity and accuracy as it provides an indicator of both 
current and past caries experience is considered the 
most popular population-based measure of caries 
experience all over the world (26).  

The PMA index was used to evaluate the 
gingival condition. The reason for its selection was 
its simplicity to be faster and less invasive with 
exhausted children under hemodialysis in addition 
to reduce the risk of infection(22). 

The Modified Developmental Defects of Enamel 
Index was used to allow measuring enamel defects 
and their severity. It used for general screening 
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purpose which recommended that only three basic 
types of defects be recorded; demarcated opacity, 
diffuse opacity and hypoplasia. If any other defect 
does not fall into these categories, it is scored as 
other defects (27).

The un-stimulated saliva was collected instead 
of the stimulated saliva because most researches 
have reported that it is a good determinant of oral 
dryness as it reflects the function of gland (29,30) .  

It was found that children with chronic kidney 
diseases had lower caries prevalence than healthy 
child which may be attributed to protective effect of 
high level of salivary urea, which prevents bacterial 
activity and facilitate the  neutralization of  acids  
within  bacterial plaque and may also enhance the 
remineralization process of early carious lesions. 
That is in agreement with several studies all over the 
world as the caries prevalence in kidney diseased 
patient among these studies ranged from 26% to 
55% (8,14,26,30-33) .

On the other hand, Wibbon et al (34) and Brock et 
al (35) reported high caries prevalence among CRF 
children. They explained that high caries prevalence 
by high consumption of cariogenic sugary diet as 
snacks, ice cream, sweet milk and candy.

At the present study, marked gingivitis was de-
termined in children undergoing hemodialysis and 
kidney transplantation compared with the control 
group. This can be explained by neglecting oral 
hygiene measures, the underlying uremic stomati-
tis and the use of recombinant erythropoietin which 
may reduce gingival paleness. That is in agreement 
with Brock et al.(35), Abdellatif et al.(36) and Gaetano 
et al. (32) who reported significantly higher gingivitis 
in children undergoing hemodialysis compared with 
the controls.

It was found that CRF patients have high preva-
lence of enamel defects especially for patients who 
undergoing kidney transplantation (58%).This re-
sult can be explained by occurring of disruption 
during histo-differentiation, apposition and miner-

alization stages during tooth development results in 
structure abnormalities and abnormal calcium and 
phosphate metabolism. That was confirmed by oth-
ers who reported developmental enamel defects in 
CRF patients ranged from (46.4% to 83%) among 
their studies (6,10,36,37).

Furthermore, the intrinsic stains resulted from 
adsorption of pathological pigments onto the 
dentine matrix especially when uremia is present 
during dentitions development. The severity of 
intrinsic stain is mainly related to age of patient at 
presentation time of renal dysfunction, the duration 
of renal failure and dialysis (37). 

It was found that the most prominent form of 
developmental defect was demarcated opacities. 
As renal dysfunction results in calcium deficiency; 
which often leads to tooth structure abnormalities 
(like opacities and hypoplasia) (37).  

In spite of that, wiboon et al. (34) reported low 
prevalence of developmental enamel defects which 
occurred in 27.8% of CRF patients. This finding 
was explained by the early management of the renal 
diseases prior to renal transplantation, which may 
reduce any metabolic disturbance and subsequently 
minimize any calcification abnormalities or dental 
developmental defects.

Regarding to salivary flow rate, it was found that 
there was no significant difference in un-stimulated 
salivary flow rate between children undergoing 
hemodialysis and control group .That’s may be due 
to hemodialysis  process has a transient stimulatory 
effect on the salivary flow rate resulting in higher 
salivary flow after completion of hemodialysis 
sessions than before the start of sessions. That 
was confirmed by several studies. The researchers 
among these studies did not observe any decrease 
in salivary flow rate in post dialysis patients when 
compared to healthy subjects because once the 
hemodialysis process is terminated; the water 
balance are within normal levels (1,6,38-40). 
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For children undergoing kidney transplant 
therapy, the salivary flow rate was lower than 
control group. That may be due to the side effects 
of medications they received as antihypertensive 
drugs, corticosteroids that cause lowering in salivary 
flow rate. That was confirmed by Anuradha et al (40) 
and kumar et al. (41) who reported reduced salivary 
flow rate in children and adolescents undergoing 
long term use of a long acting B2-agonist and a 
corticosteroid. 

Concerning to salivary pH, higher un-stimulated 
salivary pH was reported in children with CRF than 
control group. This result was attributed to higher 
ammonia concentration in saliva that results from the 
decomposition of the salivary urea into ammonium 
ions and carbon dioxide by urease enzyme that may 
elevate salivary pH (6,27,36,42).

CONCLUSION

Chronic kidney disease has many adverse 
effects on oral health status among children. CKD 
may increase gingival inflammation, in addition 
to increase prevalence of developmental defects. 
In spite of that it may decrease caries experience. 
Furthermore, children with chronic kidney disease 
have lower salivary flow rate and higher buffering 
capacity than healthy children.
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