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1. INTRODUCTION

The incidence of progressive chronic kidney disease (CKD), which

eventually leads to complete kidney failure or end stage renal disease (ESRD),

Continues to increase worldwide both in the adult and pediatric population (Ansell

and Feest, 2002; McDonald and Russ, 2002; Proctor et al., 2004; US Renal Data

System, 2005). Since kidney transplantation is the treatment of choice as renal

replacement therapy for patients with stage 5 CKD (Figure 1, Appendix B) or

ESRD, the number of kidney transplants is also increasing (USRDS, 2005).

Untreated dental infection in immunosuppressed individuals, like those receiving

dialysis for renal failure or following kidney transplantation, can potentially

contribute to morbidity and transplant rejection (Greenberg and Cohen, 1977).

Thus, the need for oral care among these two patient groups will continue to

increase.

Many advances in the treatment of patients with kidney conditions (late stage

CKD, ESRD or kidney transplantation) ensure a better prognosis and longer life

span necessitating dental care throughout the course of their disease and

treatment. The treatment for CKD includes dietary restrictions, medical

interventions to correct systemic complications and contributing factors, and

renal replacement with either dialysis or transplantation. Of particular interest to

the pediatric dentist are the effects of systemic changes to salivary composition, ~ *

high cariogenic diets with a restricted fluid intake, medications including liquid º

medication with high sugar content, and poor oral hygiene practices on primary

and permanent dentition. Despite these potentially cariogenic factors, previous



studies of dialysis patients have yielded lower caries rates (Kho et al., 1999 and

Peterson et al., 1985). This has been attributed to the more alkaline saliva found

in dialysis patients by several studies (Kho et al., 1999, Peterson et al., 1985,

Obry et al., 1987). Although there have been reports of oral and salivary

changes associated with CKD and ESRD in adult patients, there are few reports

in pediatric patients (Nowaiser et al., 2004, Bublitz et al., 1981, Obry et al., 1987).

The objective of this study is to compare the presence of certain bacteria

(namely mutans streptococci and lactobacilli) in pediatric patients with ESRD

undergoing chronic dialysis and in patients who have received and have a well

functioning kidney transplant. Since the salivary pH of dialyzed patients has

been reported to be higher (more alkalinic) than the salivary pH in healthy

individuals (Peterson et al., 1985), the bacterial composition may be different in

dialysis patients. If there is a difference in bacterial composition in dialysis

patients, the more alkalinic salivary pH could in part explain the reported lower

caries incidence as well as lower colonization levels by cariogenic bacteria. If

more alkalinic saliva is indeed found in dialysis patients and is associated with

different and less cariogenic bacteria, this observation may provide the basis for

prescribing salivary alkalinizing agents to reduce the incidence of dental caries in

other high risk populations with more acidic salivary pH.
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2. BACKGROUND AND LITERATURE REVIEW

2.1 Salivary Components and the Caries Process

The influence of saliva on oral health is well documented. Saliva, in its

proper function, contains antibacterial, antiviral, and antifungal properties as well

as proteins, phosphates, and bicarbonate molecules that have a buffering

capacity which helps maintain the oral environment at an optimum pH

(Featherstone, 2001). This optimal salivary pH effectively neutralizes acids and

therefore will decrease the mineral dissociation of teeth as well as protect the

oral soft tissue. The salivary pH usually stays around the neutral point of 7. The

breakdown of fermentable carbohydrates by cariogenic bacteria, namely

Streptococcus mutans, Streptococcus sobrinus, and lactobacilli causes a drop in

salivary pH and creates a gradient allowing acid to enter the tooth. Once the

salivary pH drops, minerals move out of the tooth, and are dissolved. The tooth

structure is much weaker without these minerals (Featherstone, 2001).

Conversely, a rise in salivary bicarbonate levels leads to a rise in salivary pH. As

the rate of saliva production increases, there is more bicarbonate ion produced

as a by-product of salivary gland cell metabolism. Any fluctuations in salivary pH

are largely due to diet and the frequency of carbohydrate intake. If the pH of the

saliva is not kept sufficiently high, the teeth may erode or be susceptible to caries sº

formation.

2.2 Cariogenic Bacteria



Many oral microorganisms participate in the formation of caries, but º
º

specific bacteria, namely mutans streptococci (in humans, S. mutans and S. CD s

sobrinus) and lactobacilli, have demonstrated a greater cariogenicity. |

Considerable data has linked mutans streptococci to the formation of caries * -

because they are acidogenic and aciduric, which allow the organisms to both

produce acid and then survive in the acidic environment necessary for caries

formation (Featherstone, 2001). Pediatric patients most often acquire mutans

streptococci from their caregivers as it is transmitted via saliva (Featherstone,

2001). Studies have also shown that children colonized with mutans streptococci

possess the same bacterial serotype as their infected mothers (Berkowitz et al.,

1975). The presence of high levels of mutans streptococci in saliva does not

mean that caries formation is inevitable for this patient but rather that there is an

increased risk of caries development. Kohler and Bratthall (1978) determined in

their study that caries-free children had less than 10,000 colony forming unit/ml

(CFU/ml) of saliva. Featherstone (unpublished data) concluded that in pediatric

patients, a high caries risk exists if the saliva contains 2 10,000 CFU/ml of

mutans streptococci and below this threshold, the patient has a moderate to low

Caries risk.

The presence of lactobacilli has also been associated with caries

formation and tooth decay (van Houte, 1994). These bacteria have been º
associated with advancing caries rather than the formation of a carious lesion.

Lactobacilli are difficult to eradicate since they can use many oral surfaces for *...

colonization including the teeth, the tongue and the cheeks. In the same study º



mentioned above, Featherstone (unpublished data) concluded that pediatric

patients are at high caries risk if they contain 2 100 CFU/ml of lactobacilli.

2.3 Chronic Kidney Disease (CKD) and End Stage Renal Disease

(ESRD)

CKD is defined as a slowly progressive decline in renal function

associated with a reduced glomerular filtration rate (GFR, measured clinically by

the creatinine clearance rate) (Proctor et al., 2005). In adults, the most common

causes are diabetes mellitus, glomerulonephritis, and chronic hypertension

(Proctor et al., 2005). In children, the most common causes are

cystic/hereditary/congenital disease and primary glomerulonephritis (USRDS,

2005). ESRD is diagnosed when the kidneys are functioning at 10% or less of

normal (Stein et al., 2002). The treatment for CKD includes dietary changes,

fluid restriction and correction of the systemic problems or complications, and for

severe CKD, renal replacement with dialysis or kidney transplantation.

2.4 Oral Health in Patients with End Stage Renal Disease

There have been several reports of oral changes in patients with ESRD

undergoing hemodialysis including dry mouth and taste changes (Jaspers, 1975,

Kho et al., 1999 and Sowell, 1982). Dry mouth is the most common oral

manifestation in patients with ESRD undergoing chronic dialysis (Sowell, 1982).

In the general population, people with xerostomia or decreased salivary flow

usually exhibit higher caries rates since adequate saliva is a protective factor

against caries (Bardow et al., 2001 and Almstahl et al., 1999). Therefore, ESRD

patients receiving dialysis who typically show reduced saliva could be expected

*****::
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to show higher caries rates. However, patients with ESRD undergoing dialysis º
often exhibit relatively few dental caries (Bublitz et al., 1981 and Woodhead et

al., 1982).

Often children with ESRD experience several conditions which should

increase the risk of caries. These may include poor oral hygiene, increased

incidence of enamel hypoplasia and cariogenic diets resulting from dietary

supplementation (Chow et al., 1979, Westbrook, 1978, Bublitz et al., 1981 and

Woodhead et al., 1982). However, the literature on caries incidence among

ESRD patients in children does not support this hypothesis. Peterson et al.

(1985) showed that ten pediatric patients with CKD stage 5 had an increased

salivary urea nitrogen concentration (SaluN) and salivary phosphorus levels.

Metabolism of nitrogenous substances such as urea, which are elevated in CKD

patients, by cariogenic bacteria in plaque, produces ammonia and elevates

(alkalinizes) plaque pH (Margie et al., 1974). Adult patients with ESRD who are

undergoing chronic hemodialysis also have elevated salivary concentrations of

ammonia resulting from urea hydrolysis (Obry et al., 1987). Alkalination should

diminish caries formation which may in part explain why patients with ESRD have

lower caries incidence. In addition, a higher buffering capacity which helps

maintain a normal salivary pH level may exist due to increased salivary

phosphate concentration previously reported (Earlbaum et al., 1981, Epstein et
*
º

al., 1980 and Shasha et al., 1983). Each of these factors may contribute to the

lower incidence of dental caries found in the adult population. There is limited * - * -

data to support the same observations in pediatric ESRD patients. º,
-



2.5 Oral Health in Kidney Transplant Recipients

Adult kidney transplant recipients have a higher incidence of dental caries

than that observed in CKD and ESRD patients. Peterson et al. (1985) states that

SaluN decreases as renal function improves after successful kidney

transplantation. This leads to a fall in salivary pH creating an environment in

which caries can develop. Two other conditions may also explain why caries

rates are higher in kidney transplant recipients. These include the existence of

hypoplastic enamel and patterns of poor oral hygiene resulting in plaque build-up

(Nikiforuk et al., 1981).

There is much evidence supporting the lower incidence of dental caries in

CKD and ESRD patients undergoing dialysis when compared to kidney

transplant recipients with well-functioning grafts. Nowaiser et al. (2003) reported

that a significantly greater proportion of the ESRD children were caries free, 40%

compared with only 8.5% of the healthy controls. Most studies attribute this

decrease to a difference in salivary composition, namely an increase in SaluN

and phosphate buffers which may increase the salivary pH. It is well

documented that mutans streptococci and lactobacilli are the principle cariogenic

bacteria and that caries can only form at an acidic pH below the optimum level of

7 (Featherstone, 2001).

2.6 HYPOTHESIS

From the literature review that we conducted, we derived the following

hypotheses:



1) The pH of the saliva of pediatric ESRD patients undergoing chronic

dialysis will be higher than the pH of the saliva in pediatric patients who have a

well-functioning kidney transplant.

2) The number of colonies of mutans streptococci and lactobacilli in the

saliva of pediatric ESRD patients undergoing chronic dialysis will be lower than

the number of colonies of the same bacteria in pediatric patients who have a

well-functioning kidney transplant.

3) Caries prevalence will be lower among pediatric ESRD patients

undergoing chronic dialysis compared to pediatric patients who have a well

functioning kidney transplant.



3. METHODS

3.1 Study Design

The present cross-sectional study is part of an ongoing prospective

study of oral health outcomes among pediatric ESRD patients and pediatric

patients who have received a successful kidney transplant (PI: C. Shiboski).

3.2 Study Population Description

3.2.1 Target population and sampling strategy

With approval from the UCSF Committee on Human Research, the study

was conducted at the UCSF Pediatric Specialties Clinic and the Pediatric Dialysis

Center located in the Ambulatory Clinic Center of the UCSF Medical Center, San

Francisco, California. The Pediatric Specialties Clinic includes various

Specialties including pediatric nephrology. This study was done in collaboration

with Robert Mathias, MD, a pediatric nephrologist and medical director of the

pediatric kidney transplant program. The study population included children who

received a kidney transplant and were followed at the UCSF Pediatric Specialties

Clinic and children receiving dialysis at the UCSF Pediatric Dialysis Center.

Inclusion criteria:

Dialysis group (1) patients under age 20 years able to expectorate

at least 5 ml of saliva; (2) patients able to tolerate an oral exam while

sitting for their dialysis session; (3) patients able to feed and drink via

mouth; and (4) stable patients undergoing dialysis for at least one month.

Kidney transplant group: (1) patients under the age of 20 years who

are at least six months out from transplantation and able to expectorate at



least 5 ml of saliva; (2) patients able to tolerate an oral exam; and (3)

patients able to feed and drink via mouth.

We enrolled children followed in the kidney transplant clinic and children

receiving chronic dialysis whose parents agreed to the terms of the study and

who were eligible by the inclusion criteria. Dialysis patients could be receiving

either hemodialysis or peritoneal dialysis. These patients were enrolled between

July 2004 to July 2005.

3.2.2 Sample size

The projected sample size was limited by the number of eligible pediatric

patients receiving dialysis at the UCSF pediatric dialysis center. The center

provides dialysis for approximately 15-25 patients per month. Hemodialysis

patients receive hospital-based dialysis treatments for approximately 3–4 hours

per session three days per week and peritoneal dialysis patients receive daily

home dialysis. Among these patients, some patients were >20 years of age,

some had complicating medical or psychological issues precluding their inclusion

and some parents were not willing to participate.

According to the paper by Ahumada et al. (2003), the mean log10 of

lactobacilli obtained from the saliva in caries active patients is 2.3 and the

standard deviation obtained from the same population is S = 0.86. We

hypothesized that ESRD patients receiving dialysis would have a mean of

lactobacilli at least 40% lower, yielding an effect size of E = 2.3 x 40 = 0.9 and a

standardized effect size of E/S=0.9/.86=1.05. Such standardized effect size

10



would require 17 patients in each group (ESRD and transplant) for a 2-sided o. of

0.05 with a power of 80%.

3.2.3 Consent

The study protocol was approved by the UCSF Committee on Human

Research as part of a larger cohort study entitled Oral Health Outcomes and

Dental Care Utilization among Pediatric Solid Organ Transplant Recipients (Pl:

C. Shiboski). Subjects entering the study were enrolled in accordance with

guidelines established under the Health Information Portability and Accountability

Act (HIPAA, 2003). Once consent was obtained from a parent or legal guardian

or from the participant themselves if (s)he was 18 years old or older.

3.3 Variables and Measurements

3.3.1 Questionnaire

A standardized questionnaire was completed by a parent, legal guardian

or the participant if (s)he was old enough. For the dialysis group, the

questionnaire consisted of 47 questions inquiring about demographic data,

medical history and prescribed medication, starting date of current dialysis, diet

and liquid intake, oral health history and access to dental care. For the

transplant group, the questionnaire consisted of 36 questions inquiring about

demographic data, medical history and prescribed medication, date of transplant

surgery, diet and liquid intake, dental history and access to dental care. If the

patients had clinically visible pathosis, a referral to the pediatric dental clinic or

the oral medicine clinic was given for complete diagnosis and treatment.

3.3.2. Oral examination

11



Prior to the start of the clinical examinations, the three investigators were

calibrated to bring intra-examiner variability down to <5%. The investigators

reviewed the patient's chart to confirm that the transplant patients were at least 6

months out from transplant surgery and that the dialysis group had been on

dialysis for more than one month. The oral examinations for the transplant group

were performed in the outpatient pediatric kidney transplant examination rooms

during a routine follow-up appointment. The oral examinations for the dialysis

group were performed approximately one hour after that particular hemodialysis

session started in the pediatric dialysis center or during the monthly clinic visit for

the peritoneal dialysis patients.

The clinical examination, done as part of the parent study, included the

following: a comprehensive oral examination including a soft tissue evaluation,

gingival enlargement assessment (adopted from Aas index, 1963), plaque index

(Silness and Loe index, 1964; Figure 2, Appendix B), fluorosis index (Thylstrop

and Fjerskov index, 1978) and caries assessment (dmfs index, Klein et al., 1938;

Figure 3, Appendix B) to assess general oral health. The DMF, an irreversible

index, was originally applied only to permanent teeth. As originally described, D

was for decayed teeth; M, teeth missing due to caries; and F, teeth that had been

previously filled (Klein et al., 1938). The DMF can be applied to whole teeth

(DMFT) or to surfaces (DMFS). The DMF index for permanent teeth is always

signified by upper case letters. The corresponding index for primary teeth is

indicated by lower case letters (def) where d stands for decayed teeth, e means

indicated for extraction and f is filled teeth. Since the patients in this study were

12



mostly in mixed dentition, we measured both DMF and def and combined the

results into one index. Saliva was collected for bacteriological culture.

3.3.3 Saliva collection and bacteriological procedure

The saliva sample for counting mutans streptococci and lactobacilli was

collected on only one occasion. For the dialysis group, in an effort to control for

fluctuation in saliva due to time of most recent meal, all saliva was collected

approximately one hour after the start of dialysis if the patient was receiving

hemodialysis. If the patient was receiving peritoneal dialysis, saliva was

collected approximately one hour after the start of the monthly examination by

the nephrologist in order to ensure that the patient had not consumed anything

for at least one hour prior to collection. For the transplant group, saliva was

collected at their routine follow-up appointment directly after the oral examination.

A stimulated whole saliva sample was obtained while the child chewed on

a piece of paraffin for approximately five minutes. The saliva (5 ml) was

transported to the laboratory immediately for processing. The pH

was read using pH paper directly after collection. Processing of the samples

occurred within four hours of collection. Salivary samples were dispersed by

sonication for ten seconds. Dilutions were made of 10", 10°, and 10° in

phosphate buffered solution (pH 7.1). Aliquots of 1 ml were plated on Mitis

Salivarius Sucrose Bacitracin Agar (MSSB) (Gold et al., 1973) for the mutans

streptococci count and on Rogosa's Tomato Juice Agar (ROG) (Rogosa et al.,

1951) for the lactobacilli count. All the samples were incubated at 37°C for

seven days under anaerobic conditions of 5% H2, 10% CO2 and 85% N2. All of

º t
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the colonies on MSSB agar with characteristic morphology of mutans

streptococci were counted. Lactobacilli were counted by typical morphology

observed on ROG agar.

3.4 Statistical Analysis

Standard proportions were used to summarize sample characteristics

such as gender, race/ethnicity, age, socioeconomic status, and medical history

(e.g., proportions for categorical variables, median for continuous variables not

normally distributed). Fisher's Exact test was used to compare dialysis patients

with kidney transplant recipients with respect to sample characteristics and caries

prevalence (categorized). The Mann-Whitney test (Wilcoxon rank sum test) was

used to compare levels of mutans streptococci, lactobacilli, and pH in dialysis

versus renal transplant recipient participants.

To further assess the bacterial colonization between the 2 groups

while controlling for potential confounders, we fit logistic regression models to the

following outcomes: 1) CFU/ml of mutans streptococci (after creating a binary

variable: 2 10,000 CFU/mL versus < 10,000 CFU/mL); and 2) CFU/ml of

lactobacilli (after creating a binary variable: 2 10 CFU/mL versus < 10 CFU/mL).

These cut-off points were selected based on values commonly accepted in the

literature for caries risk assessment (Featherstone, personal communication).

The initial logistic model for each outcome included all independent

variables that were associated with the outcome at the 0.1 level of significance in

the contingency table analysis and suspected confounders. We based model

>
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4. RESULTS

4.1 Sample Characteristics

4.1.1 Population demographics

Between January 2004 and July 2005, a total of 13 patients undergoing

either chronic hemodialysis or peritoneal dialysis and 21 kidney transplant

patients were recruited from the UCSF pediatric dialysis clinic and the kidney

transplant clinic, respectively (Table 1). The dialysis group consisted of 4 boys

and 9 girls while the transplant group consisted of 10 boys and 11 girls (Table 1).

The mean age for the dialysis group was 15 years 6 months (range 4-20 years of

age) and the mean age for the transplant group was 13 years 4 months (range 4

18 years of age). Patients were further divided into age range as shown in Table

1. The time since initiating dialysis ranged from & 6 months to 5 years (median 2

years). The dialysis group appeared to be more diverse than the transplant

group (Table 1). Caucasians were the predominant group among transplant

recipients (87% versus 33% in the dialysis group), while the dialysis group

comprised a significantly higher proportion of Asian/Pacific Islander than the

transplant group (33% versus 6%, P=0.03).

4.1.2 Socioeconomic Status

In the parental questionnaire completed while the patient received the

examination, there were no significant differences between the two groups with

respect to parental level of education (P=0.28 for father's education level and

P=0.55 for mother's education level; Table 2). In both groups, a combined 76%

of fathers and a combined 77% of mothers report having at least received a high

%,
º
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school diploma. For household income, family income ranged from less than

$7,000 to over $70,000 annually and there was no statistically significant

difference reported between the two groups (P=0.31; Table 2).

4.2 Summary of Dental History and Oral Hygiene Habits

Parents were asked about the patient's dental history and oral hygiene

habits. For the transplant group, it was reported that 48% of patients brush their

teeth only occasionally or once a day while the dialysis group reported 38% for

the same question yielding no significant difference between the two groups

(P=0.44; Table 3). There was a significant difference in the time frame of the last

visit to the dentist for the two groups. Twenty-three percent of the dialysis

patients reported that it has been at least 12 months since their last dental visit

while the transplant group reported that only 9% of patients have not been to the

dentist in over 12 months (P=0.03, Table 3).

4.3 Summary of Diet, Eating Habits and Medications

Both groups reported that the majority of patients consume three main

meals per day (dialysis group (70%) and transplant group (71%), P=0.53; Table

4) and that the majority of patients also snack two times per day (dialysis group

(61%) and transplant group (50%), P=0.12; Table 4). Water intake was

significantly different between the two groups (P=0.05; Table 4). The median

number of glasses consumed in the dialysis group was 3 per day and in the

control group was 5 per day. Thirty-eight percent of transplant patients

consumed 8 or more glasses of water per day while only 15% of dialysis patients

consumed 8 or more glasses per day. The fluid intake level of dialysis patients is

2
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restricted related to their kidney disease which may explain this difference in

water consumption.

As part of the questionnaire, parents were asked how frequently their child

was taking oral medications and how many of these medications were in liquid

formulation. There was a significantly higher number of patients in the dialysis

group taking liquid medications once or twice daily (66% of dialysis patients and

20% transplant patients, P=0.05; Table 4). The remaining 80% of the transplant

patients never consumed liquid medications.

4.4 Oral Health Outcome

4.4.1 Plaque index

As part of the examination, the plaque levels on the buccal and lingual

surfaces of the teeth were measured according to Silness and Loe (Figure 3,

Appendix B) and the two groups yielded significantly different results (P=.0001;

Table 5). For the dialysis group, 92% of the patients had non-detectable to low

levels of plaque present on the teeth surfaces. In contrast, the transplant group

exhibited higher levels of plaque as 95% of the patients were found to have

moderate to high levels of plaque present on the tooth surfaces.

4.4.2 Caries prevalence

As part of the examination, the caries prevalence was scored for each

patient according to the DEFS index combined for deciduous and permanent

dentition. The dialysis group exhibited greater overall caries experience with a

median DMFS/defs score of 6 (range 0-38) versus 2 in the transplant group

(range 0-39) but this difference was not statistically significant whether we
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compared the medians between the two groups or the categorized number of

caries (Table 5). Untreated caries by number of teeth was significantly different

with the dialysis group having a median of 4 untreated teeth (range 0-9) and the

transplant group having a median of 0 untreated carious teeth (range 0-7)

(P=0.01). Untreated caries by number of surfaces was also significantly different

with the dialysis group having a median of 4 untreated surfaces (range 0-17) and

the transplant group having a median of 0 untreated carious surfaces (range 0-8)

(P=0.01).

4.5 Salivary Analysis

4.5.1. Bacteriological data

In an earlier pediatric study of healthy subjects, it was determined that a

patient had moderate or high caries risk if they had a salivary mutans

streptococci level 210°/ml and a salivary lactobacilli level 210/ml (Featherstone,

et al., unpublished data). Based on these observations, we divided both groups

into the two bacterial count levels (Table 6).

a) Bivariate Analysis

Bivariate analysis revealed a statistically significant difference in mutans

streptococci levels between the two groups whether we compared the median

between groups or the dichotomized variable (<10,000 CFU/ml versus >10,000

CFU/ml). The median mutans streptococci concentration (CFU/ml) for the

dialysis patients was 130 CFU/ml (range 0-2.7 x 10°) and for the transplant

patients was 21,000 CFU/ml (range 0-2.3 x 10°) (P=0.01; Table 6). There were
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no significant differences with respect to lactobacilli concentration between the

two groups.

b) Multivariate Analysis

A logistic regression model exploring the mutans streptococci

concentration dichotomized into 2 10,000 CFU/mL and < 10,000 CFU/mL in

relation to the main independent variable (being on dialysis versus being in the

transplant control group) while adjusting for dental plaque levels failed to detect

any significant association between either independent variable and outcome.

However, this is not surprising given the small sample size, and thus the limited

power.

4.5.2 pH data

The dialysis patients yielded a median pH of 6.9 (range 6.0–7.2). The

transplant patients yielded a median pH of 6.8 (range 5.5-7.4). There was no

significant difference in the median pH of the groups at P=0.19 (Table 6).

_
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5. DISCUSSION

Dental treatment of children with CKD or those with a well-functioning

kidney transplant requires knowledge of the many factors that contribute to their

Oral health. In the present study, we found that children who had received a

kidney transplant had higher salivary levels of mutans streptococci and higher

plaque levels than dialysis patients. Our findings of higher salivary levels of

mutans streptococci in transplant patients are consistent with previous adult

studies which found that patients with ESRD undergoing dialysis may have

protective factors in their saliva such as higher levels of salivary urea nitrogen

and amylase which can reduce the concentrations of microflora in their saliva

(Obry et al., 1987 and De Rosso et al., 1996). ESRD patients retain urea

nitrogen in the blood which results in elevated salivary levels of urea nitrogen that

are approximately 10-fold higher than that found in the general population

(Peterson et al., 1985). High levels of salivary urea nitrogen can lower the acidity

of the oral environment. In our study, we did not determine salivary urea nitrogen

levels. Moreover, we did not find any significant difference in salivary pH or

lactobacilli concentration between the two groups.

In our study, we found lower levels of mutans streptococci in the dialysis

patients compared to the transplant population. Although there was a

significantly higher number of untreated caries in the dialysis group, there was no

significant difference in overall caries experience (DMF index) between the two

groups. Our findings contrast several earlier studies performed on both adult and

pediatric patients with ESRD undergoing chronic dialysis have shown relatively
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few dental caries (Bublitz et al., 1981, Woodhead et al., 1982 and Nowaiser et

al., 2004).

There are many potential explanations why we were unable to detect

differences in overall dental caries in the dialysis group compared to the

transplant group. Prior to the start of this pilot study, sample size calculations

were completed to find the minimum number of study subjects needed to

determine if a significant difference could be detected in the population. It was

determined by that analysis that 17 patients in each group were required to

detect a 40% difference in effect size for a power of 80%. In our study, 21

transplant patients and 13 dialysis patients were recruited. The actual number of

eligible patients receiving dialysis in the Pediatric Dialysis Center limited the

sample size. Thus, one explanation for the lack of statistical significance in

caries levels may be due to insufficient power of the sample size.

Although dialysis patients have lower mutans streptococci levels which

may contribute to the lower caries experience reported in the literature, the

number of untreated caries in this study was significantly higher than the

transplant group (P=0.01). A second explanation for the larger number of

untreated caries in the dialysis group is the overall heavy medical burden that the

patients and their parents endure. The average patient on dialysis receives

dialysis three days per week for three hours per session and in some instances,

patients undergo dialysis six days per week. Patients report feeling exhausted

directly before and after a dialysis session. Pediatric dentists are advised that

the only day that these patients may feel good enough to receive dental work is
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the day immediately following a dialysis session. Therefore, keeping regular l º,
-> º

appointments with the dentist is challenging for the patient, the parents and the _* *-

dental practitioner. This is further supported by our study questionnaire which

found that 23% of the dialysis patients had not been to the dentist within the

previous 12 months and within this group, the majority of the patients had not

seen a dentist in over 5 years. In contrast, only 9% of the transplant group had

not seen a dentist within the last 12 months. The medical burden on the patients

receiving dialysis and their parents is so extensive that perhaps they simply do

not have time or resources to keep regularly scheduled dental appointments

possibly explaining the difference in untreated caries between these two groups.

Difference in medication formulation taken by the two groups may also

play a role in our findings. There was a significant difference in liquid
-** ** Tº

medications consumed between the two groups as 66% of the dialysis patients Tº
-"

- - - - - - -- -

->zzº
took liquid medications once or twice a day while in the transplant group, only

~ R Y is
20% of patients reported taking liquid medications (P=0.05). This difference in - *

—l s |
º

medication formulation is not related to age of the study patients as the mean sº \- C
age of the dialysis and transplant groups were 15.6 and 13.4 years, respectively. º, L-, *, *
Liquid medications often contain sweeteners like sucrose and this may contribute . * } | "I º
to the higher levels of untreated caries found in the dialysis group. One dental Zºº

*-

recommendation would be to consider switching to a xylitol-based liquid which ~
*-

would prevent these children from bathing their mouth in sucrose multiple times a - s A.

day. º tº."
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It may also be possible that the transplant population was not a true

representation of the general population as we originally predicted. One

weakness of the study is that we did not include a control group of healthy

individuals. In a previous study, Nowaiser et al. (2004) compared levels of

mutans streptococci and lactobacilli in kidney transplant recipients at the time of

transplant (baseline) and 90 days post-transplant to that of healthy subjects. He

found that the levels of these cariogenic bacteria were significantly lower in the

transplanted patients both at baseline and at 90 days post transplant than in the

healthy control subjects. At baseline, the frequency of mutans streptococci

colonization for the transplant population was 8% compared to 80% in the

healthy controls. By 90 days post-transplant, the colonization had increased to

42%. The authors conclude that 90 days post-transplant may not have been

sufficient time for normal recolonization of the cariogenic bacteria. However,

they do suggest that post-transplant patients would continue to approach the

general population at 6 months after the transplant and should be at normal oral

bacteria levels by 12 months post-transplant. Immunosuppression dosing

decreases with time and at 90 days, patients are close to maintenance dosing.

However, the time needed to recolonize the bacteria to normal or near normal

levels following transplantation has not been studied and is unknown. In the

present study, all transplant patients were evaluated at least 6 months post

transplant and the average was approximately one year post transplant. The

lack of significance of overall caries experience, lactobacilli and pH in this study

suggests that comparing a sample of healthy children to the transplant and

****

-> →
-> recºrd
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dialysis patients may yield different results and that perhaps the oral condition of

the transplant group has not returned to baseline levels. Since we did not study

all three groups at the same time, we can only speculate what the findings would

be in such a study.

Another factor known to affect caries levels is the low level of saliva

production. One of the most common oral changes in patients undergoing

dialysis is dry mouth (Jaspers, 1975 and Kho et al., 1999). Although we did a

visual examination of the amount of saliva present in the mouth, we did not

quantitatively measure the flow rate of the patients due to lack of cooperation of

all patients included in the study and the inability for many of the patients to

expectorate enough saliva for both a bacteria culture and a flow rate

aSSessment.

In the present study, we used the traditional MSSB-agar method to enumerate

the level of mutans streptococci. There are additional methods for testing the

presence of this bacteria and one that is increasingly popular is the “Strip"

mutans method. With this test, the patient's saliva is placed on a testing paper at

the dental appointment and then incubated on a shelf for a set amount of time.

The results are based on the ability of mutans streptococci to grow on solid

surface in combination with a selective broth (high sucrose concentration in

combination with bacitracin). In a study by el-Nadeef et al. (1992), it was found

that the “Strip" mutans method yields approximately 15% difference in the

amount of bacteria detected than the traditional bacterial plating method. Other

investigators who have studied bacterial counts in the saliva of transplant and

s
**Cºº
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dialysis patients have used the “Strip" mutans method. This may explain the

difference between the resulting bacteria counts found in those studies and the

present study.

5.1 Limitations to the Study

As previously mentioned, a limitation of this study may be the small

sample size we recruited due to the finite population in the UCSF pediatric

transplant and dialysis clinics. Another limitation was our inability to control for

food and water consumption prior to saliva collection. We attempted to collect

the saliva from the dialysis patients one hour after starting dialysis so that we

knew that the patient had not consumed anything by mouth for at least one hour.

Featherstone reports that it takes approximately 30–45 minutes for saliva to

return to normal pH levels after eating so one hour should give us an accurate

reading of an individual's normal salivary pH (Featherstone, 2001). On the other

hand, the transplant patients were harder to control for food and water

consumption prior to saliva collection. The patients arrive at the transplant clinic,

meet with the nephrologist and nurse and sometimes go to the laboratory before

we performed the dental examination or collected the saliva. We attempted to

see all transplant patients at least one hour after they arrived but there was some

variation due to clinic scheduling and laboratory testing. Therefore, we had less

control on exactly how much time it had been since the patients last ate or drank.

Since we know that time since food and drink were last consumed affects

salivary pH, our results could have been affected by this variation. In one

previous study by Nowaiser et al. (2004), these authors found a significantly

3.

■ ºlº
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ºJ ºr ºº
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lower number of caries and bacteria in the ESRD patients on chronic dialysis.

However, in their study, food or liquid consumption was not controlled prior to

testing so this factor could have affected bacterial levels as well.

Another consideration is the presence of other systemic diseases affecting

the patient's overall health. We did a comprehensive medical examination and

did not recruit any patients with severe systemic conditions other than kidney

failure. However, we do need to consider that there exists the possibility that

other systemic conditions exist which may affect pH levels or cause lack of saliva

production which could contribute to higher plaque levels and higher caries rates

in the dialysis patients. In future studies, an assessment of the amount and rate

of saliva production may provide valuable information on the overall oral health

status of dialysis and transplant patients.

:
>
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6. CONCLUSION

This study determined and compared the colony counts of mutans

streptococci and lactobacilli, and salivary pH levels in children undergoing

dialysis to that of children who received a kidney transplant. Although the

findings do not support our original hypotheses, the study did provide information

surrounding the oral health of these two populations. There were statistically

significant lower levels of mutans streptococci, a main cariogenic bacteria, in the

saliva of dialysis patients, but we did not detect a difference in overall caries

experience, lactobacilli levels or salivary pH. There was also a significantly

higher level of untreated caries in the dialysis group suggesting a lack of

continuous dental care in this population.
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Table 1. Sample Characteristics of Dialysis and Transplant Study
Participants

Dialysis Transplant
Demographics n (%) n (%) P-values”

GENDER
Male 4 (31) 10 (48)
Female 9 (69) 11 (52) 0.48

AGE
4-9 years 2 (15) 2 (10)
10-16 yrs 4 (31) 15 (71)
>17 yrs 7 (54) 4 (19) 0.06

MEAN AGE 15.6 years 13.4 years

ETHNICITYIRACE
Caucasian 4 (33) 14 (87)
Asian/Pacific Islander 4 (33) 1 (6)
Hispanic 2 (16) 1 (6)

-

African-American 1 (8) 0 (0) *A.

Native American 1 (8) 0 (0) 0.03 i – “.
TIME ON DIALYSIS --

< 6 months 2 (15) 3.
6-12 mo 4 (31) - T

-

>12 mo 7 (54) * …cº.
* R Y sº*Fisher's Exact test
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Table 2. Results of Questionnaire Regarding Parental Level of Education –– º,

and Household Income ZC º
Dialysis Transplant zºic ■ co

Demographics n (%) n (%) P-values”

PARENTAL EDUCATION
Father's Education

Less than high school 3 (27) 4 (22)
High school grad 5 (45) 5 (27)
Some college 2 (18) 2 (11)
College grad & beyond 1 (9) 7 (38) 0.28

Mother's Education
Less than high school 1 (8) 6 (31)
High school grad 6 (50) 3 (15)
Some college 1 (8) 6 (31)
College grad & beyond 4 (33) 4 (21) 0.55

HOUSEHOLD INCOME
$0-$7,000 2 (18) 3 (18)
$7,000-$14,999 4 (36) 2 (12)
$15,000-$34,999 1 (9) 3 (18)
$35,000-$49,999 3 (27) 3 (18)
$50,000+ 1 (9) 5 (31) 0.31

*Fisher's Exact test
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Table 3. Results of Questionnaire Regarding Dental History and Oral
Hygiene Habits

Dialysis Transplant
Oral Hygiene/Habit n (%) n (%) P-values”

TOOTHERUSHING
Occasionally 1 (7) 4 (19)
Once a day 4 (31) 6 (28)
Twice a day 6 (46) 9 (43)
Three times a day 2 (15) 2 (9) 0.44

LAST VISIT TO DENTIST
Less than 3 months 3 (23) 11 (52)
3-6 months 3 (23) 7 (33)
6-12 months 4 (31) 1 (5)
1-5 years 1 (7) 1 (5)
5 years + 2 (15) 0 (0)
Never 0 (0) 1 (5) 0.03

*Fisher's Exact test

, -º tº 7

-

*.
ºlº Çe

/ º

*

y-lº■ t ºA■ J.

* –

by-lºcº
& ARY -

-sº
--- *-~! tº c

sº

35





Table 4. Results of Questionnaire Regarding Diet, Eating Habits and
Medications

Dialysis Transplant
Diet/Eating Habit n (%) n (%) P-values”

MEALS
Two per day 4 (31) 5 (24)
Three per day 9 (70) 15 (71)
Four per day 0 (0) 1 (5) 0.53

SNACKS
Zero per day 2 (15) 1 (5)
One per day 2 (15) 2 (11)
Two per day 8 (61) 9 (50)
Three + per day 1 (7) 6 (33) 0.12

WATER INTAKE
One-two glasses/day 4 (30) 4 (19)
Three-four glasses/day 6 (46) 6 (29)
Five-six glasses/day 1 (7) 3 (14)
Eight + glasses/day 2 (15) 8 (38) 0.05

LIQUID MEDICATIONS TAKEN”
Never 3 (33) 12 (80)
Once/ day 3 (33) 1 (7)
Twice +/ day 3 (33) 2 (13) 0.05

>I

*Fisher's Exact test

*Data not available for all subjects
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Table 5. Results of Oral Health Outcome Analysis

Dialysis Transplant
Oral Health Outcome n (%) n (%) P-values”

PLAGUE INDEX**
None 9 (69) 1 (5)
Low levels 3 (23) 0 (0)
Moderate levels 1 (7) 6 (28)
High Levels 0 (0) 14 (66) <,0001

CARIES PREVALENCE***
DMFS/defs

0 3 (23) 8 (38)
1-4 2 (15) 7 (33)
5–8 3 (23) 3 (14)
>8 5 (38) 3 (14) 0.09

MEDIAN DMFS/defs
6 2 0.13%

UNTREATED CARIES
TEETH

0 4 (31) 15 (71)
-

º º

1-4 5 (38) 4 (19) ■ º º
5-8 3 (23) 2 (10) ; : *- *

>8 1 (8) 0 (0) 0.01 *-incºrd
UNTREATED CARIES

SURFACES
0 4 (31) 15 (71)
1-4 4 (31) 3 (14.5)
5–8 2 (15) 3 (14.5)
>8 3 (23) 0 (0) 0.01

*Fisher's Exact test

**According to Loe and Silness Plaque Index, Appendix B
***According to DEF Index combined permanent and primary teeth
“Mann-Whitney P-value
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Table 6. Results of Salivary Analysis

Sº Jºjº

117yº. º º

Dialysis Transplant
Salivary Analysis n (%) n (%) P-values”

ORAL BACTERIA
MUTANS STREPTOCOCCI (MS)

<10,000 cfu/ml 9 (75) 12 (57)
>10,000 cfu/ml 3 (25) 9 (43) 0.01

MEDIAN MS LEVEL 130 CFU/ML 21000 CFU/ML 0.03%

LACTOBACILLI (LB)
<10 Cfu/ml 8 (67) 7 (33)
>10 Cfu/ml 4 (33) 14 (67) 0.08

MEDIAN LB LEVEL 2500 CFU/ML 10 CFU/ML 0.08° º(7.1%. ,

pH º, º

MEDIAN pH LEVEL 6.9 6.8 0.19% º
f ".
'cºo

*Fisher's Exact test 5 - i. º

“Mann-Whitney P-value ºr sº
-> º
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Kidney Disease Classification and Action Plan for Stages of Chronic Kidney ~

Disease (CKD) zºº)
~ R Y sº
-

&

STAGE' DESCRIPTION ACTION/TREATMENT* ~ * , -

Screening, chronic
-

At an increased risk to kidney disease risk
develop CKD reduction

Diagnosis and
1 Kidney damage with treatment, treatment of

normal or increased Comorbid conditions,
GFR slowing progression,

CVD risk reduction
Kidney damage with Estimating progression

2 mild decreased GFR
Moderately decreased Evaluating and treating

3 GFR complications
Severely decreased Preparation for kidney

4 GFR replacement therapy
Kidney replacement by

5 Kidney failure dialysis or transplant
*

GFR= Glomerular filtration rate, CVD=Cardiovascular disease ºf triº
t Stages 1 to 5 indicate persons with chronic kidney disease; the row without a stage number ■ º º
indicates persons at increased risk for developing chronic kidney disease Sº Y º
* Includes actions from preceding stages | sº

sº cº

- --- - - - - - ~y
Figure 1. Classification and action plan for the stages of chronic kidney disease º

(Levey et al., 2003) * . * -º, I
º
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Silness and Loe Plaque Index Criteria *o

0 No plaque in the gingival area; the surface is tested by running a probe
across the gingival area of the tooth; if no soft material adheres, the tooth
is considered plaque-free.

1 No plaque observed in situ by the naked eye, but a film of plaque is
identified by running a probe over the tooth surface at the entrance of the
gingival sulcus.

2 Gingival area covered by a thin to moderately thick layer of plaque visible
to the naked eye.

3 Heavy accumulation of soft matter, the thickness of which fills the crevice
produced by the gingival margin and the tooth surface.

Figure 2. Classification of the clinical appearance of the plaque index scores º

(Silness and Loe, 1964) ~,
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Caries Assessment
DEFS Index

Coronal and Root Caries Scoring System

Tooth Status Diagnostic Code

Sound(no caries or restorations) S

Caries D

Restoration: amalgam, composite, crown F

Extracted/Missing (due to caries/periodontal E
disease/trauma)

Figure 3. Classification of Caries Assessment
(Klein et al., 1938)
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