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Introduction

According to the National Kidney 
Foundation, 26 million Americans 
have chronic kidney disease (CKD).1  
Given the prevalence of conditions 
such as diabetes and hypertension, 
it is estimated that an additional 20 
million people are at an increased 
risk for developing CKD.1 Research 
suggests chronic kidney disease can 
give rise to a wide spectrum of oral 
manifestations affecting the hard or 
soft tissues of the mouth.2,3 Likewise, 
periodontitis may contribute to the 
burden of systemic inflammation in 
these patients.3,4 Unfortunately, pa-
tients with CKD and their health care 
providers are often unaware of the 
oral complications of the disease, 
as well as the multiple systems that 
can be affected. The complexity of 
care for patients with CKD reinforces 
the need for collaboration between 
health care providers. The purpose 
of this study was to raise oral health 
awareness by providing educational 
seminars to health care providers, 
specifically nephrology nurses.
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Research

The prevalence of CKD has heightened the medi-
cal profession’s awareness of this serious and grow-
ing problem in the United States. Systemic compli-
cations associated with CKD include cardiovascular 
(hypertension, congestive heart failure and peri-
carditis),1,5,6 gastrointestinal (anorexia, nausea, 
vomiting, generalized gastroenteritis, peptic ulcer 
disease, stomatitis and candidiasis),1,6–8 neuromus-
cular, hematologic and dermatologic systems.1,7,8 In 
2005, Protor et al reviewed current literature sur-
rounding oral and dental aspects of renal disease 
and reported conditions that are important for neph-
rology and dental professionals to know.2 The most 
significant findings are discussed below.

Review of the Literature
Gingival Enlargement

Gingival enlargement, secondary to drug therapy, 
is the most reported oral manifestation of renal dis-
ease.9–16 Gingival enlargement can be induced by 
cyclosporine and/or calcium channel blockers. Cy-
closporine is an immunosuppressant used in organ 
transplant recipients and has numerous side effects, 
such as gingival overgrowth.17 Regular clinical moni-
toring of cyclosporine–related gingival enlargement 
is essential, since squamous cell carcinoma and Ka-
posi’s sarcoma have been reported within such gin-
gival lesions.10
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Oral Biofilms

Studies have indicated that the oral hygiene of 
hemodialysis patients is worse than that of the 
general population.7,18,19 Greater calculus forma-
tion, gingivitis, caries, atrophy of the alveolar bone, 
pathologic mobility proportional to bone resorption 
and tooth loss have been observed.20 Pocket forma-
tion and necrotic teeth found under crowns, bridges 
and fillings have also been found in patients with 
CKD. In a study of 45 hemodialysis patients, all had 
some form of periodontal disease and oral debris, 
and 64% had severe gingivitis and a higher–than–
normal score for the DMFT (decayed, missing and 
filled teeth) index.21

Xerostomia

Symptoms of xerostomia can arise in many in-
dividuals receiving hemodialysis, due to restricted 
fluid intake, as well as side effects of drug therapy.1,2 
This predisposes the patient to dental caries, gin-
gival inflammation and difficulties with speech. In 
addition, xerostomia may lead to infections such as 
candidiasis and acute suppurative sialadenitis.17

Mucosal Lesions

A wide range of oral mucosal lesions has been de-
scribed in individuals receiving dialysis and allografts, 
particularly white patches and/or ulcerations. Ure-
mic stomatitis may manifest as white, red or grey 
areas of the oral mucosa. Oral mucosal macules and 
nodules of unknown etiology have been described in 
14% of individuals receiving hemodialysis.1,2 In ad-
dition, the oral mucosa in patients with anemia may 
appear pale.1,2

Malodor

Uremic patients may have an ammonia–like oral 
odor. In some instances, CKD can give rise to al-
tered taste sensation. These patients report a me-
tallic taste or the sensation of an enlarged tongue. 
Because of their immunocompromised state, he-
modialysis patients and allograft recipients have 
increased susceptibility to candidal infections, such 
as pseudomembranous, erythematous and chronic 
atrophic candidosis.1,2,18,22

Osseous and Dental Changes

A wide range of osseous changes of the jaw ac-
company chronic renal disease. These reflect a va-
riety of defects of calcium metabolism due to in-
creased parathyroid activity. The most classically 
described osseous change is the triad composed of 
the loss of lamina dura, demineralized bone and lo-

calized radiolucent jaw lesions, such as giant cell 
granuloma or Brown tumor.2 Delayed eruption of 
permanent teeth has been reported in children with 
CKD. Narrowing of the pulp chamber of teeth of 
adults with CKD can also occur. Non–carious tooth 
loss is more prevalent in individuals with CKD than 
in the general population.2

Nutritional Deficiencies

Oral symptoms related to vitamin and miner-
al deficiencies are common in patients with CKD. 
Manifestations may include cheilosis of the lips from 
vitamin B deficiency, bleeding gums, tooth loss, 
gingivitis from vitamin C deficiency and pale lips/
tongue. Iron deficiency may manifest orally as a 
bald tongue, scarlet tongue, atrophied tongue and 
filiform atrophy. Other possible oral manifestations 
from nutritional deficiency may include extra oral 
dermatitis, lichenification around the mouth, peel-
ing of the lips and poor taste acuity.1,2,22

Periodontal Disease

Diseases showing low–grade inflammation, such 
as diabetes and hypertension, are commonly asso-
ciated with CKD.1 Several studies hypothesize that 
chronic periodontal inflammation may contribute to 
the chronic systemic inflammatory burden associ-
ated with CKD.4,23–25 There is evidence to support 
a mechanistic link among inflammation, atheroscle-
rosis and CKD. Inflammatory biomarkers, such as 
C–reactive protein and interleukin–6, have been 
shown to be elevated in CKD.4,23–27 Several stud-
ies have suggested that untreated dental infection 
in immunosuppressed individuals could potentially 
contribute to morbidity and transplant rejection.7 A 
United States population–based study (n=11,955) 
suggested the importance of considering multiple 
risk–factors, including periodontal status, because 
this improves the identification of individuals at high 
risk for CKD, and may ultimately reduce its burden.4 
Further research is needed to evaluate the causal 
inferences regarding the role of periodontal patho-
gen burden and its contribution to systemic inflam-
matory burden of CKD.

Interdisciplinary Collaboration

Given the potential for poor oral health to in-
crease risk for systemic disease, it is extremely im-
portant that the medical and dental communities 
be knowledgeable with regard to the oral–systemic 
relationship so that health care services can be de-
livered collaboratively. Numerous studies have as-
sessed medical and other health care profession-
als’ knowledge, attitudes and practices with regard 
to oral health. The majority of these studies have 
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identified an existing gap in knowledge and prac-
tices among medical providers with regard to oral 
diseases. Quijano et al found that internal medicine 
trainees had inadequate knowledge regarding peri-
odontal disease and were generally uncomfortable 
with performing a simple periodontal examination.28 
Southern found that, among the nurses surveyed 
(n=100), their knowledge of oral health status, 
signs and symptoms of oral disease was inade-
quate.29 Lewis et al studied pediatricians’ attitudes 
and practices related to the oral health of children 0 
to 3 years old and found that only 54% of surveyed 
pediatricians reported examining the teeth of more 
than half of their 0 to 3 year old patients. The most 
common barrier to participation in oral health–relat-
ed activities in their practices was lack of training, as 
less than 25% had received oral health education in 
medical school, residency or continuing education.30 
Results from additional studies assessing pediatri-
cians’ knowledge and current practices related to 
oral health have found that further training is need-
ed to enhance confidence, expertise and knowledge 
of preventive screening and referral.31–34

Several studies point to an increased awareness 
of the oral–systemic relationship among medical 
providers, but suggest limited incorporation of den-
tal care into clinical medical practice. Wilder et al 
surveyed  obstetricians and found that most were 
knowledgeable of the potential role of periodontal 
disease as a pregnancy risk factor but did not look 
into their patients’ mouths at initial prenatal exami-
nations.35 A study by Shenoy et al found that the gy-
necologists’ knowledge was high regarding the oral 
manifestations of periodontal disease, but knowl-
edge was low regarding periodontal disease as a risk 
factor for pre–term low birth weight babies.36 Reed 
et al assessed the oral cancer knowledge and expe-
rience of medical students in an academic setting 
and found that students did not receive adequate 
exposure to oral cancer prevention and detection 
practices.37 Andersson et al found that, although 
nurses were aware of the impact of oral health in 
old age, their attitude was that this was a matter for 
dentistry.38 Canto et al found that family physicians 
were aware of the major risk factors for oral cancer 
when taking a medical history, but less than 24% 
provided an oral cancer examination to patients 40 
years of age and over.39

In order to build the relationships that are integral 
to implementing collaborative health care services, 
educational interventions have been used to in-
crease awareness of chronic diseases among health 
care providers. Overwhelmingly, the literature sup-
ports that even brief educational interventions can 
enhance health provider knowledge. Educational 
sessions have been found to improve knowledge 

and attitudes in the areas of breast cancer assess-
ment,40 chronic pain,41 pediatric mental health man-
agement,42 awareness and use of geriatric service43 
and prescription standards.44 A dental hygiene edu-
cation program for nursing staff increased nurses’ 
knowledge and self–confidence with regard to the 
provision of oral care to nursing home residents.45 
Small group workshops taught by medical and den-
tal educators led to an increase in oral knowledge 
for medical students.46

The subjects of this study were nurses who work 
with renal patients at the University of Minnesota 
hospitals (n=106). The nurses were invited to at-
tend an educational seminar entitled Oral Health 
and Chronic Kidney Disease, held at the University 
of Minnesota, School of Nursing. Participation was 
voluntary and subjects could opt out of the study 
by choosing not to complete the questionnaires. 
No demographic data was asked in order to protect 
anonymity and participant confidentiality. Informed 
consent was obtained after explaining the purpose 
of the seminar and the purpose of the question-
naires.

Three dental hygiene educators presented a sin-
gle, 2 hour educational seminar to renal nurses in 
3 university settings: Virginia Commonwealth Uni-
versity, the University of Minnesota and the Uni-
versity of New Mexico. The educators calibrated by 
collectively researching literature for the creation 
of uniform seminar content and delivering the in-
formation to participants in a lecture format using 
identical Microsoft Power Point presentations.

To assess the effectiveness of the educational 
seminars, a single questionnaire was administered 
to participants as a pre– and post–test. Because 
the pre– and post–test were the same, data col-
lected from 2 of the initial sites, the University New 
Mexico and Virginia Commonwealth University, 
were discarded because the pre–test could prompt 
participants to pay attention to particular informa-
tion, and thereby show an effectiveness effect. 
For the third site, the University of Minnesota, this 
shortcoming was addressed by creating 2 question-
naires, A and B, and by administering them at ran-
dom as pre– and post–tests to eliminate a learning 
effect from taking 1 questionnaire twice. Only these 
subjects from the third site are evaluated here. 
Each questionnaire consisted of 10 multiple–choice 
questions and were color–coded and sequentially 
numbered for identification and comparison of the 
pre– and post–surveys. The subjects (n=106) were 
given randomly assigned pre– and post–tests that 
assessed their knowledge of oral health and its re-

Methods and Materials
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lation to CKD. Scores for the 
pre– and post–questionnaire 
were tallied and the score of 
the pre– was subtracted from 
the score of the post– so that a 
positive difference reflected an 
increase in knowledge. A natu-
ral consequence of this design 
is that 2 groups emerge, those 
who were assigned the A in 
the pre–, designated by AB, 
and those taking B in the pre–, 
designated by BA. The central 
hypothesis of the study was 
that the educational seminar 
would increase nurses’ knowl-
edge of oral manifestations 
of CKD. The null hypothesis 
states that there would be no 
difference between the pre– 
and post–test.

A 2 sample paired t–test 
was first performed to indicate 
whether there is a question-
naire order effect. Separate 
1 sample paired t–tests were 
then performed to indicate 
whether the increase for each 
group was significant. Five 
participants failed to take at least 1 questionnaire, 
which were excluded from analysis. Questions left 
blank (only a few among all questionnaires) were 
considered incorrect. The University of Minnesota 
Institutional Review Board approved this study as 
exempted research.
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Figure 1: Histogram of diffscores_AB (with Ho and 95% 
t–confidence interval for the mean)

The estimated questionnaire effect was that the AB 
group had an average improvement of 2.21 more than 
the BA group, a significant difference with a 2 sample 
t–test (p–value<0.0005). Therefore, it is important to 
account for this effect in the individual group improve-
ments. The individual improvements for each group 
were significant. Figure 1 and 2 shows the distribution 
of score differences for the AB and BA groups, respec-
tively, with the point labeled HO reflecting the null hy-
pothesis of no improvement. Group AB increased an 
average of 2.71 (p–value<0.0005), and group BA in-
creased an average of 0.50 (p–value=0.015). There-
fore, a significant increase in knowledge was gained. 
Pre–tests revealed that nurses lacked an understand-
ing of oral health and it’s relation to CKD, but under-
stood more after the seminar. Regardless of question-
naire order, a significant increase of knowledge was 
observed for both groups (p–value≤0.015), increas-
ing from 61 to 76% on average.

Results

Discussion

As the prevalence of CKD continues to escalate 
in the United States, dental professionals will see 
an unprecedented number of patients with CKD 
and end stage renal disease. Because oral health is 
a critical component of overall general health, it is 
critical that the nephrology team be aware of the 
oral complications that CKD and its treatment can 
cause. Additionally, nephrology nurses need to be 
aware that periodontal disease and other oral in-
fections may compromise organ transplant. An un-
derstanding of these issues may assist renal nurses 
in recognizing early oral manifestations, providing 
basic patient education and, when necessary, mak-
ing referrals to address these concerns. Likewise, 
the dental professional must understand the basic 
pathologic process involved in the management of 
patients with CKD.

Based on the results of this study, it is recom-
mended that educational institutions initiate cur-
riculum innovations that provide the foundational 
abilities necessary to support an interprofessional 
approach to health care. The focus of interdisci-
plinary collaboration in patient treatment should 
be on promoting mutual understanding, trust 
and respect, increasing effective communication 
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Conclusion
The evidence supports that an educational inter-

vention increases nurses’ knowledge of oral health 
and CKD. As evidence–based practice evolves in 
nephrology and dentistry, a structured means of 
communication between these 2 disciplines must 
be established. CKD provides an example of the 
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Figure 2: Histogram of diffscores_AB (with Ho and 95% 
t–confidence interval for the mean)

and recognizing the impor-
tance of self, peer and team 
assessment among health 
care professionals. Support-
ing evidence in the literature 
suggests that interdisciplinary 
seminars and/or other educa-
tional strategies similar to the 
one in this study can improve 
oral health knowledge among 
health care professionals. 
However, instructional efforts 
to increase providers’ dental 
knowledge and opinions of the 
importance of oral diseases 
must include components that 
address self–efficacy in trans-
lating knowledge into clinical 
practice. In addition, more 
research is needed to evalu-
ate means to sustaining the 
knowledge gained in educa-
tional seminars and wheth-
er educational interventions 
are efficacious in translating 
knowledge to practice.

Although inconclusive, there 
is a growing body of research 
supporting disease processes 
related to the oral systemic health link. CKD pro-
vides a good example of how a systemic condition 
can affect oral health and why further research in 
this area is needed. To improve patient outcomes, 
a collaborative plan between dental and renal pro-
fessionals must be established. Dental hygienists, 
nurses, dieticians and nephrologists are ideal can-
didates to begin working together for the improved 
health of patients with renal disease.
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link between oral and general health. Raising oral 
awareness among nephrology nurses can poten-
tially lead to greater quality of life outcomes and 
improved overall health in patients with CKD. It is 
recommended that educational interventions de-
signed to promote interdisciplinary collaboration 
continue in order to benefit patients with oral–sys-
temic health–associated conditions.
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