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Editorial
Elevating Dental Hygiene 
Scholarship in the Future

Rebecca S. Wilder, RDH, BS, MS

As we embark upon a monumental year at the 
American Dental Hygienists’ Association, I pause to 
think about the future of research and scholarship 
within the profession. Although we have already 
started the celebration of 100 years of the ADHA, 
we will formally have a “big party” at the 2013 Cen-
ter for Lifelong Learning. Research will be part of 
what we honor about our progress. Many more den-
tal hygienists are involved in research and scholarly 
activity than just a few years ago. More changes are 
anticipated for the future as we begin to discuss the 
possibility of doctoral education in dental hygiene. 
I remember when we had only a few graduate pro-
grams in dental hygiene. Now, we number about 
20+ programs, most of them specifically in dental 
hygiene.

We must have more dental hygienists pursuing 
graduate degrees if we are to continue the mo-
mentum of scholarship in our profession. However, 
a recent study by Boyd and Bailey found that fear 
of thesis research is a significant barrier to dental 
hygienists as they consider graduate studies.1 This 
finding is not surprising as most dental hygiene stu-
dents have little scientific writing experience and 
few are exposed to the process of research during 
their undergraduate education. I find this same fear 
in my own graduate students when they matriculate 
into our masters program. Once they realize that 
they will be provided with ideas for research or per-
haps be included in an ongoing study, they start to 
experience less fear. When they discover that they 
will have a thesis committee who will mentor them 
and guide them through the process, they start to 
get encouraged. By the time they complete the data 
collection, analyze the results, defend the thesis, 
present the project at a scientific meeting and write 
it up and submit it to the graduate school, they are 
delighted! And when they finally see their paper in 
print in a scientific journal, they are ecstatic, proud 
beyond belief... and ready to do more! Writing the 

thesis research and publishing it in a peer reviewed 
scientific journal like the Journal of Dental Hygiene 
is key to moving our profession forward and culti-
vating a new generation of scholars.

Another trend we are observing is the rise in num-
bers of dental hygienists who are pursuing doctoral 
degrees. I anticipate that we will have a doctoral 
program in dental hygiene in the near future. The 
advantage of doctoral programs is that they have 
the potential to educate professionals who have a 
solid base in scientific inquiry and thus can contrib-
ute to the scholarly process of the profession. My 
hope is that the doctoral programs in dental hygiene 
will have rigorous requirements for research and 
writing, culminating in a dissertation that is later 
formatted for publication in our scientific journal! 

As we celebrate 100 years of the ADHA, we re-
alize how far we have come in a short 100 years 
and where we want to go in the future. A profes-
sion is defined by having its own body of knowledge 
that culminates in dissemination to the world. You 
have a wonderful resource in the Journal of Dental 
Hygiene. It is a visible display of our research and 
scholarship and it is growing each year! I will close 
with a question for you: How will you contribute to 
the growth of scholarship for the profession?

Sincerely, 

Rebecca Wilder, RDH, BS, MS
Editor–in–Chief, Journal of Dental Hygiene

Boyd LD, Bailey A. Dental hygienists’ percep-1.	
tions of barriers to graduate education. J Dent 
Educ. 2011;75(8):1030–1037.

References



Vol. 86 • No. 3 • Summer 2012	 The Journal of Dental Hygiene	 163

Linking Research to
Clinical Practice

Non–Fluoride Caries–Preventive Agents
Denise M. Bowen, RDH, MS

The purpose of Linking Research to Clinical Practice is to present 
evidence based information to clinical dental hygienists so that 
they can make informed decisions regarding patient treatment and 
recommendations. Each issue will feature a different topic area of 
importance to clinical dental hygienists with A BOTTOM LINE to 
translate the research findings into clinical application.

Rethman MP, Beltran–Aguilar ED, Billings RJ, et al. 
Nonfluoride caries–preventive agents: executive 
summary of evidence–based clinical recommenda-
tions. J Am Dent Assoc. 2011;142(9):1065–1071.

Background: In this article, the authors present 
evidence–based clinical recommendations regard-
ing the use of nonfluoride caries preventive agents. 
The recommendations were developed by an expert 
panel convened by the American Dental Associa-
tion (ADA) Council on Scientific Affairs. The panel 
addressed several questions regarding the efficacy 
of non–fluoride agents in reducing the incidence of 
caries and arresting or reversing the progression of 
caries.

Types of Studies Reviewed: A panel of experts 
convened by the ADA Council on Scientific Affairs, 
in collaboration with ADA Division of Science staff, 
conducted a MEDLINE search to identify all random-
ized and non–randomized clinical studies regarding 
the use of non–fluoride caries–preventive agents.

Results: The panel reviewed evidence from 50 
randomized controlled trials and 15 non–random-
ized studies to assess the efficacy of various non–
fluoride caries–preventive agents.

Clinical Implications: The panel concluded that 
certain non–fluoride agents may provide some ben-
efit as adjunctive therapies in children and adults at 
higher risk of developing caries. These recommen-
dations are presented as a resource for dentists to 
consider in the clinical decision–making process. As 
part of the evidence based approach to care, these 
clinical recommendations should be integrated with 
the practitioner’s professional judgment and the pa-
tient’s needs and preferences.

Commentary

An expert panel convened by the ADA conduct-
ed a systematic review to examine studies of non–
fluoride agents in caries prevention and manage-
ment. The research questions addressed whether 
non–fluoride agents could reduce incidence, ar-
rest or reverse caries in the general population or 
in individuals at high caries risk. After identifying 
inclusion criteria for high quality studies, review-
ing 2,697 articles from 1966 to 2010 and updat-
ing them through March 2011, the panel included 
65 articles in its systematic review. Meta–analy-
ses were performed when adequate numbers of 
similar studies were available to combine data 
and statistically control for effect size. In other 
words, studies with greater numbers of subjects 
and more statistical power were weighted more 
heavily than those with smaller samples.

The panel reviewed randomized clinical trials 
(RCTs, n=9) and non–randomized clinical studies 
(n=6) to evaluate the effectiveness of sucrose–
free polyol (e.g., sugar alcohols such as xylitol and 
sorbitol) chewing gums in general populations. 
Meta–analysis found a statistically significant re-
duction in coronal caries in permanent teeth with 
use of xylitol gum (or combined polyol gum with 
xylitol and other sugar alcohols) compared with 
no gum or chewing gum with sorbitol. In chil-
dren, a marginal reduction in caries incidence was 
found. Risk of choking in young children should be 
considered, and chewing gum should only be rec-
ommended for children over age 5 without neuro-
logical or swallowing problems. Xylitol–containing 
lozenges or hard candy were found to reduce in-
cidence of coronal caries, although the evidence 
was not as strong as it was for gum. A dose of 5 
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to 8 grams/day divided into 2 or 3 doses (e.g., 
after meals) was suggested for maximum clinical 
benefits. Most chewing gums marketed in the U.S. 
with xylitol contain 0.50 to 0.72 grams per dose, 
meaning one would need to chew 7 to 12 pieces 
of gum daily, or 3 to 4 pieces 2 to 3 times a day. 
Chewing gum available in smaller pieces has an 
advantage over larger pieces because 3 pieces per 
dose are more practical to chew. Even with small-
er units, that dosage is difficult to attain on a daily 
basis. Practitioners recommending xylitol gum or 
lozenges should be aware that large doses have 
been linked to adverse gastrointestinal effects. 

When examining studies of antimicrobial agents 
in caries prevention, the panel concluded there is 
not sufficient evidence to support triclosan or io-
dine. Most of the studies reviewed by the panel 
were related to chlorhexidine (CHX) varnish or 
mouth rinses, however, neither of these products 
has been approved in the U.S. by the Food and 
Drug Administration for use in caries prevention. 
The products marketed in the U.S. include 1:1 
chlorhexidine–thymol varnish and 0.12% chlor-
hexidine gluconate mouthrinse. Insufficient evi-
dence is available to recommend use of CHX gels 
available outside of the U.S. for caries prevention 
in adults or children.

Evidence did not adequately support use of 10 
to 40% CHX varnish for prevention of coronal car-
ies in children or root caries in adults. However, 
when evaluating studies (n=6) of chlorhexidine–
thymol varnish, the panel concluded a 1:1 mix-
ture of chlorhexidine/thymol varnish applied ev-
ery 3 months reduces the incidence of root caries 
in adults and elderly.

When evaluating 4 studies of 0.12% CHX mouth 
rinse in reducing caries in children and adults and 
2 studies evaluating root caries in adults and older 
adults, the panel concluded that CHX rinse alone 
or in combination with fluoride does not reduce 
caries incidence in any of these groups. The panel 
concluded that CHX rinses should not be recom-
mended as a non–fluoride therapy for reducing 
caries incidence, arresting or reversing caries. 
Since that time, however, a longitudinal RCT has 
been published to support combined daily 0.12% 
CHX rinse and fluoride therapy in adults with high 
caries risk. A discussion of this subsequent study 
follows.

The panel also evaluated studies (n=9) of cal-
cium and/or phosphate agents with and without 
casein derivatives for caries prevention. It found 
that published clinical trials do not provide suf-
ficient evidence that use of these agents lowers 

incidence of either coronal or root caries.

The authors remind clinicians that caries risk 
assessment, patient motivation and readiness 
for change, oral health literacy, ability to accept 
and complete a recommended treatment plan and 
compliance all affect the outcome of a caries man-
agement care plan. Further, good evidence sup-
ports professional and home fluoride products in-
cluding fluoridated toothpastes. Fluoride therapy 
and dental sealants remain the primary interven-
tions for preventing caries, and clinicians should 
follow published evidence–based guidelines for 
these modalities.1,2

Featherstone JD, White JM, Hoover CI, et al. 
A randomized clinical trial of anticaries ther-
apies targeted according to risk assessment 
(caries management by risk assessment). 
Caries Res. 2012;46(2):118–129.

This randomized parallel group clinical trial as-
sessed whether combined antibacterial and fluo-
ride therapy benefits the balance between caries 
pathological and protective factors. Eligible, en-
rolled adults (n=231), with 1 to 7 baseline cavitat-
ed teeth, attending a dental school clinic were ran-
domly assigned to a control or intervention group. 
Salivary mutans streptococci (MS), lactobacilli 
(LB), fluoride level and resulting caries risk status 
(low or high) assays were determined at base-
line and every 6 months. After baseline, all cavi-
tated teeth were restored. An examiner masked 
to group conducted caries exams at baseline and 
2 years after completing restorations. The inter-
vention group used fluoride dentifrice (1,100 ppm 
fluoride as NaF), 0.12% chlorhexidine gluconate 
rinse based upon bacterial challenge (MS and LB) 
and 0.05% NaF rinse based upon salivary fluoride. 
For the primary outcome, mean caries increment, 
no statistically significant difference was observed 
(24% difference between control and intervention 
groups, p=0.101). However, the supplemental 
adjusted zero–inflated Poisson caries increment 
(change in decayed, missing and filled surfaces, 
DMFS) model showed the intervention group had 
a statistically, significantly lower mean than the 
control group (24%, p=0.020). Overall, caries risk 
reduced significantly in intervention versus con-
trol over 2 years (baseline adjusted generalized 
linear mixed models odds ratio, (aOR=3.45; 95% 
CI: 1.67, 7.13). Change in MS bacterial challenge 
differed significantly between groups (aOR=6.70; 
95% CI: 2.96, 15.13) but not for LB or fluoride. 
Targeted antibacterial and fluoride therapy based 
on salivary microbial and fluoride levels favorably 
altered the balance between pathological and pro-
tective caries risk factors.
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Commentary
To date, very few randomized clinical trials have 

been conducted to evaluate use of a combination 
of fluoride therapy and 0.12% CHX gluconate 
rinse for caries prevention. Most of the published 
research related to CHX rinses has been related 
to the antimicrobial effect on gingivitis, and many 
studies have shown that CHX is an effective anti–
gingivitis agent when used twice a day as directed. 
The objective of this study was to provide clinical 
evidence that a valid caries risk assessment com-
bined with aggressive caries prevention methods 
and conservative dental restorations would result 
in a lower caries increment compared to not using 
this combined approach in adults. The hypothesis 
was that “caries management and conservative 
restorative treatment based on caries risk status 
(low or high) would significantly reduce 2–year 
caries increment compared to traditional, non–
risk–based dental treatment.”

Both groups (n=231) initially received a dental 
examination including radiographs and DMFS to 
confirm presence of 1 to 7 active caries lesions 
as well as a salivary assay analysis for salivary 
MS, LB and fluoride level to determine caries risk 
status (low/high). The examiner performing car-
ies examinations before and after treatment was 
blinded to group assignment to reduce examiner–
related bias. The control group received traditional 
treatment plans for restorative care and follow up. 
The intervention subjects were classified as high 
or low caries risk. Intervention group participants 
received information about their salivary analysis 
and their low or high caries risk status based on 
salivary analyses. Treatment plans included mini-
mally invasive restorative care and sealants for all, 
as well as additional antibacterial/fluoride therapy 
for those in the high caries risk group. Subjects in 
both groups were instructed to reduce daily carbo-
hydrate intake and brush daily with the 1,100 ppm 
sodium fluoride (NaF) dentifrice provided. Some 
subjects in both groups changed toothpastes over 
the 2 year study period, however, patient–selected 
dentifrices were similar. High caries risk subjects 
in the intervention group received an in–office 
1.1% NaF treatment, instructions to use a 0.05% 
(225 ppm) NaF fluoride mouth rinse once daily, 
similar to most over–the–counter fluoride rinses 
sold in the U.S. and instructions to use a 0.12% 
CHX rinse. The protocol for the CHX rinse was 
once daily for 3 months through the restorative 
phase, followed by once daily for the first week 
of each month thereafter. This recommendation 
differs from the twice daily recommendation for 
gingivitis prevention and treatment. Compliance 
and self–recording of rinse use was encouraged 
and monitored. All subjects were recalled every 

6 months for salivary assays and needed restor-
ative care, and followed for 2 years. At the end of 
that period, final dental exams with radiographs 
and DMFS and salivary assays were performed. 
The authors defined the primary outcome mea-
sure as the caries increment (change in number 
of DMFS). Secondary measures included caries in-
cidence (new), changes in decayed, missing and 
filled teeth, changes in number of decayed teeth 
(DT) or surfaces (DS), caries risk, salivary MS and 
LB levels and fluoride levels in saliva. Statistical 
analysis found no significant difference in base-
line demographics or clinical characteristics of the 
groups, and demographics of those subjects who 
completed the study were comparable (control 
group=52, intervention subjects=60). Most attri-
tion occurred early in the study because patients 
were unable to pay for and complete initial restor-
ative treatment plans. 

This study was designed to evaluate an aggres-
sive caries management program with conserva-
tive restorative dental care based on caries risk 
assessment. This protocol has been suggested for 
some time, however, practitioners have been slow 
to adopt it. The complexity of this research proto-
col, especially for the intervention group, reflects 
the complexity of the suggested clinical approach 
to caries prevention, and that factor might be af-
fecting adoption in practice. The authors of this 
manuscript stated that no practical caries risk as-
sessment plan has been proven effective using a 
prescribed caries management plan. Nonetheless, 
a new approach to caries management in adults 
and children is needed. Although prevalence and 
incidence has been reduced since the 1960s, den-
tal caries remains a major health problem. The 
status quo has not been shown to be an effective 
means of eradicating the disease. These authors 
have suggested, “With accurate risk assessment, 
noninvasive care modalities, including chlorhexi-
dine antimicrobial and fluoride rinses, can be 
applied with confidence and invasive restorative 
procedures (if needed) can be more conservative, 
preserving tooth structure and better benefiting 
patient oral health.”

Results showed lower caries increments (DMFS, 
DT, DS, DMFT) in the intervention group com-
pared to the control group, although not statisti-
cally significant. No statistically significant differ-
ences between the groups were found in caries 
incidence over the 2 year study period. These 
results may have been impacted statistically by 
the fact that the distribution of scores was skewed 
by many 0 scores. A statistical model was used 
to adjust for this skewing by analyzing only the 
non–negative scores. This analysis indicated the 
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The Bottom Line

Each of these studies addressed recommenda-
tions for use of CHX gluconate in an effective car-
ies management program. The findings and con-
clusions do not agree because the first study was 
a systematic review and meta–analyses of studies 
conducted from 1966 to 2011. Results of the sec-
ond study were published in 2012, so they were 
not a part of the findings of the systematic review. 
The new information must be confirmed through 
other studies but provides some evidence about 
how a CHX mouth rinse might be used to reduce 
caries risk in a comprehensive caries management 
program.

Both of these studies provide clarification re-
garding the value of nonfluoride agents in car-
ies management. Based on the findings of one or 
both of these studies, the following conclusions 
can be drawn:

For adults, xylitol chewing gum can be effec-•	
tive in reducing coronal caries with correct 
dosage. Adults can be advised to use xylitol 

intervention group had a statistically significant 
24% greater reduction in DMFS than the control 
group. A statistically significant reduction in car-
ies risk and MS levels also favored the interven-
tion group, however, no significant difference was 
found in salivary LB or fluoride levels. In short, 
the intervention resulted in a significantly lower 
percentage of subjects at high risk and high/me-
dium bacterial challenge during the study period. 
Caries removal and dental restorations alone did 
not significantly change the MS bacterial chal-
lenge, caries increment or risk in either the con-
trol group or intervention subjects group. The use 
of an antimicrobial rinse, CHX, in conjunction with 
the dental treatment plan, did reduce the bacte-
rial challenge by MS. The authors emphasized the 
need for combined fluoride therapy to remineral-
ize tooth surfaces.

These authors based this study on the current 
approach to caries management by risk assess-
ment which advocates improving the balance 
between protective factors (fluoride, calcium, 
phosphate, saliva and antibacterial agents) and 
pathological factors (cariogenic bacteria, dietary 
habits – especially frequent ingestion of ferment-
able carbohydrates and lack of saliva). Stepping 
up the caries risk assessment and management 
approach to include aggressive caries prevention 
methods in adults at high risk may be warranted 
based on the results of this randomized clinical 
trial.

gum for 10 to 20 minutes after meals.
The effect of xylitol chewing gum in children •	
shows only a marginal reduction in caries. The 
risk of choking in young children should be 
considered, and chewing gum should only be 
recommended for children over age 5 without 
neurological or swallowing problems.
There is not sufficient evidence to indicate that •	
gum with other types of alcohol sugars (e.g., 
sorbitol) is effective in caries prevention and 
control.
There is no evidence to show that CHX gel or •	
10 to 40% varnish prevents coronal or root 
caries in adults or children.
There is evidence that CHX–thymol varnish •	
applied every 3 months can prevent root car-
ies in adults and older adults. 
There are conflicting views regarding use of •	
a 0.12% CHX rinse for caries management. 
An ADA panel recommended in 2011 that cli-
nicians avoid prescribing this rinse for caries 
prevention and control, however, a 2012 lon-
gitudinal RCT showed 0.12% CHX rinse plus 
fluoride therapy can be effective in reducing 
caries, decreasing MS levels and reducing car-
ies risk in adults at high risk for caries. The 
latter finding was based on once daily CHX 
rinsing in combination with professional NaF 
application and daily use of fluoride toothpaste 
and an OTC fluoride rinse. Clinicians may rec-
ommend this protocol as a part of a compre-
hensive treatment plan including dietary ad-
vice to reduce carbohydrate intake, sealants 
and conservative restorative care but should 
avoid recommending CHX rinse alone for car-
ies management.
There is insufficient evidence from published •	
clinical trials to support the use of calcium 
and/or phosphate agents with or without ca-
sein derivatives for prevention of coronal or 
root caries.

Summary

Evidence supports fluoride therapy and sealants 
for caries prevention and management. Evidence 
regarding non–fluoride agents indicates that xyli-
tol chewing gum used after meals also can be ef-
fective in reducing coronal caries in adults and, to 
a lesser extent, children. Evidence does not sup-
port use of CHX gel or varnishes, however, CHX–
thymol varnish can be applied 3 times a year to 
prevent root caries in adults and elders. There 
are conflicting views regarding use of 0.12% CHX 
rinse in combination with fluoride therapy for car-
ies management. Recent findings indicate that 
use of a CHX rinse, in conjunction with caries risk 
assessment, fluoride therapy and a conserva-
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Professionally applied topical fluoride: evidence–1.	
based clinical recommendations. J Am Dent As-
soc 2006;137(8):1151–1159.

Beauchamp J, Caufield PW, Crall JJ, Donly K, Fei-2.	
gal R, Gooch B, et al. Evidence–based clinical 
recommendations for the use of pit–and–fissure 
sealants: a report of the American Dental As-
sociation Council on Scientific Affairs. J Am Dent 
Assoc 2008;139(3):257–268.

Referencestive dental treatment plan, reduced MS bacterial 
levels, caries increment (based on non–negative 
scores) and caries risk in adults with high car-
ies risk. Insufficient evidence is available to rec-
ommend use of calcium and/or phosphate agents 
for caries management. Dental hygienists need to 
address caries risk based on a multi–pronged ap-
proach, especially in patients at high risk.
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Introduction

Advancing Our Profession: Are Higher 
Educational Standards the Answer?
Erin S. Boyleston, RDH, MS; Marie A. Collins, RDH, EdD

Abstract
Purpose: Educational models in health care professions have 
changed drastically since on–the–job training models. The pur-
pose of this manuscript was to investigate how the professions 
of physical therapy, occupational therapy, physician assistant, 
nursing and respiratory therapy have advanced their education-
al models for entry into practice and to recommend how dental 
hygiene can integrate similar models to advance the profession. 
The  recommendations are to create an accreditation council for 
dental hygiene education and to mandate articulation agree-
ments for baccalaureate degree completion in developing and 
existing programs. Dental hygiene must continue on the path 
to advance our profession and glean lessons from other health 
professions.

Keywords: Allied Health Occupations, dental hygiene, educa-
tion, baccalaureate

This study supports the NDHRA priority area, Professional 
Education and Development: Investigate how other health 
professions have established the master’s and doctoral levels of 
education as their entry level into practice.

Critical Issues in
Dental Hygiene

A profession is defined as an en-
tity that continuously enlarges its 
body of knowledge, functions au-
tonomously in formulation of policy 
and maintains high standards of 
achievement and conduct.1 Educa-
tional models in health care have 
changed drastically as professions 
mature. As our knowledge base ex-
pands, our expectations for highly 
educated health care professionals 
continue to increase as well. Stan-
dards for entry into practice need to 
reflect the depth and rigor of pro-
grams. The purpose of this manu-
script is to investigate how the 
professions of physical therapy, oc-
cupational therapy, physician assis-
tant, nursing and respiratory thera-
py have advanced their educational 
models for entry into practice and 
to recommend how dental hygiene 
can integrate similar models to advance the pro-
fession.

In June 2002, the Institute of Medicine (IOM) 
organized a multidisciplinary summit (the Com-
mittee on Health Professions Education) to ad-
dress concerns that health professionals were 
not adequately prepared to meet the needs of 
the patient and the requirements of the chang-
ing health care system.2 Participants included 
representatives from allied health, nursing, medi-
cal and pharmacological educators and students, 
health professional and industry association rep-
resentatives, regulators and representatives of 
certifying organizations, providers, consumers 
and influential policy makers. The committee was 
tasked with developing strategies for restructur-
ing clinical education across the full continuum 
of education. The resulting report, Health Profes-
sions Education: A Bridge to Quality2 is applicable 
to all clinicians, regardless of discipline. The vi-

sion that emerged from the summit was stated 
as “All health professionals should be educated 
to deliver patient–centered care as members of 
an interdisciplinary team, emphasizing evidence–
based practice, quality improvement approaches 
and informatics.”

Core competencies were identified by the IOM 
that validate the rationale for advancing the edu-
cation of entry–level clinicians beyond technical 
training. This concept has been implemented by 
professions such as physical therapy, occupational 
therapy, physician assistant, nursing and respira-
tory therapy as they advanced their educational 
models. The following describes the professions 
and how they have reformed their entry to prac-
tice models.

Physical Therapy

The American Physical Therapy Association 
(APTA) defines physical therapists as highly–edu-
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cated, licensed health care professionals who treat 
individuals with health–related conditions, illness-
es or injuries that limit their abilities to move and 
perform functional activities in their daily lives. 
Additionally, they teach patients how to prevent 
the loss of mobility or manage their condition by 
developing programs for healthier and more ac-
tive lifestyles.3

The profession of physical therapy developed 
during the latter part of the 19th century due to 
the crippling effects of the polio epidemic (1894 
to 1916) and the vast number of wounded sol-
diers returning from World War I (1914 to 1919). 
The majority of these early education programs 
awarded certificates, were only 3 to 6 months in 
length and required students to have either a pri-
or degree in physical education or high academic 
standing. Graduates who provided service in the 
military were called “Reconstruction Aides” and 
those in civilian roles were called “Physiotherapy 
Technicians” or “Physical Therapy Aides.”4–6

As the demand for physical therapists grew, the 
delivery of their services also expanded beyond 
the traditional hospital setting to private homes, 
schools and nursing homes. Many argued that the 
technical training alone was no longer sufficient to 
prepare graduates for the complex medical needs 
of the population. The first standards of the pro-
fession were established in 1928 by the Ameri-
can Physiotherapy Association, a precursor to the 
APTA. Accreditation was later transferred to the 
American Medical Association (AMA) due to APTA’s 
limited resources and inability to enforce educa-
tional standards. As a benchmark for develop-
ing programs, the AMA established accreditation 
guidelines in the 1936 publication, The Essentials 
for an Acceptable School for Physical Therapy 
Technicians. Entry into the 12 to 24 month physi-
cal therapy programs required a minimum of 60 
college credits or a 2 year degree in nursing or 
physical education. Throughout the 1950s, there 
was a proliferation in the number of baccalaureate 
programs and a reduction in certificate programs. 
By 1960, the minimum educational qualification 
was elevated to the baccalaureate degree level. 
A resolution proposed in 1979 required a post–
baccalaureate entry–level degree but was met 
with resistance and later abandoned in 1988. The 
Commission on Accreditation in Physical Therapy 
Education (CAPTE) assumed sole responsibility for 
accreditation of physical therapy education pro-
grams in 1983 and continues in this role today. 
CAPTE is comprised of a 29 member commission 
with representation from physical therapy educa-
tors who are basic scientists, curriculum special-
ists and academic administrators, physical thera-

py clinicians and clinical educators, administrators 
from institutions of higher education and public 
representatives.7

Since 2002, the entry into practice degree in 
physical therapy has been the master’s degree. 
As of 2010, there are 213 accredited entry–level 
programs in the U.S., of which 7 grant a master’s 
degree and 206 grant a doctorate degree.8 Re-
gardless of academic degree, to obtain a license 
to practice, students must graduate from an ac-
credited program, successfully pass the National 
Physical Therapy Examination (NPTE) and fulfill 
any additional state or territory–specific require-
ments.

Vision 2020 is the APTA’s plan for the future of 
physical therapy, which states: “By 2020, physi-
cal therapy will be provided by physical therapists 
who are doctors of physical therapy, recognized 
by consumers and other health care professionals 
as the practitioners of choice to whom consumers 
have direct access for the diagnosis of, interven-
tions for, and prevention of impairments, activ-
ity limitations, participation restrictions and envi-
ronmental barriers related to movement, function 
and health.”9 The 6 specific elements of the Vision 
include autonomous practice, direct access, doc-
tor of physical therapy, evidence–based practice, 
practitioner of choice and professionalism.9 This is 
consistent with CAPTE’s adoption of advancing the 
entry–level degree to the doctoral level by Decem-
ber 31, 2015.7 An Education Strategic Plan (2006 
to 2020) to accomplish Vision 2020 has been out-
lined by APTA in 18 goal statements.10

Occupational Therapy

The American Occupational Therapy Associa-
tion, Inc. (AOTA) defines occupational therapists 
as health care professionals who assist individu-
als or groups with everyday life activities (occu-
pations) for the purpose of participation in roles 
and situations in home, school, workplace, com-
munity and other settings. Occupational therapy 
services are provided for the purpose of promot-
ing health and wellness and to those who have or 
are at risk for developing an illness, injury, dis-
ease, disorder, condition, impairment, disability, 
activity limitation or participation restriction. Oc-
cupational therapy addresses the physical, cogni-
tive, psychosocial, sensory and other aspects of 
performance in a variety of contexts to support 
engagement in everyday life activities that affect 
health, well–being and quality of life.11

Similar to the physical therapists of the time, 
occupational therapists also filled the role of Re-
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construction Aides assisting injured soldiers after 
World War I.11,12 In 1917, occupational therapy es-
tablished its first professional association, the Na-
tional Society for the Promotion of Occupational 
Therapy (NSPOT), which later changed its name 
in 1921 to the American Occupational Therapy 
Association. AOTA’s leadership helped create pro-
fessional–level courses of study in colleges and 
universities throughout the U.S. to assure a high 
quality of practitioner in the field. By 1931, the 
first official educational standards for occupational 
therapists were published. In 1933, a collabora-
tive effort between AOTA and the AMA resulted in 
the development and improvement of education 
programs for occupational therapy. The Essentials 
of an Acceptable School of Occupational Therapy 
was the guideline established in 1935, represent-
ing the first cooperative accreditation activity by 
the AMA. Occupational therapy programs are ac-
credited by the Accreditation Council for Occupa-
tional Therapy Education (ACOTE) of the AOTA.13

Whether the baccalaureate degree was ade-
quate for entry to practice in occupational therapy 
has been questioned by many in the profession 
since the late 1950s. In 1999, ACOTE mandat-
ed that all professional entry–level occupational 
therapy programs must be offered at the post–
baccalaureate level by January 1, 2007 to receive 
or maintain accreditation status.11,13 Additionally, 
in August of 2004, ACOTE transitioned from using 
1 set of standards for all OT programs to creating 
separate standards for each entry–level degree, 
master’s and doctorate. Additionally, new separate 
accreditation standards were formally adopted in 
2006: one for the master’s programs and one for 
doctoral programs. These new standards became 
effective January 2008.13

Since 2007, there are 2 degree levels for en-
try into practice in occupational therapy: master’s 
and doctorate. As of 2010, there are 146 accred-
ited entry–level programs in the U.S., of which 
142 grant a master’s degree and 4 grant a doc-
torate degree.14 Regardless of degree, to obtain 
the status of Occupational Therapist, Registered 
(OTR), students must graduate from an accredit-
ed program, successfully pass the National Board 
for Certification in Occupational Therapy (NBCOT) 
and fulfill any additional state or territory–specific 
requirements.11

AOTA established occupational therapy’s Cen-
tennial Vision in 2003, which states: “We envi-
sion that occupational therapy is a powerful, 
widely recognized, science–driven, and evidence–
based profession with a globally connected and 
diverse workforce meeting society’s occupational 

needs.”15 After identifying relevant elements and 
barriers, 4 strategic initiatives materialized in the 
Centennial Vision for occupational therapy. These 
include building the capacity to fulfill the profes-
sion’s potential and mission, demonstrating and 
articulating value to individuals, organizations and 
communities, building an inclusive community of 
members, linking education research and prac-
tice.15,16

Physician Assistant

The American Academy of Physician Assistants 
(AAPA) defines physician assistants as health pro-
fessionals licensed to practice medicine with phy-
sician supervision. Physician assistants exercise 
autonomy in medical decision making and provide 
a broad range of diagnostic and therapeutic ser-
vices.17

Dr. Eugene Stead of the Duke University Medi-
cal Center in North Carolina assembled the first 
class of physician assistants in 1955. It was com-
prised of Navy corpsmen who received consider-
able medical training during their military service. 
The curriculum was based in part on his knowl-
edge of the fast–track training of doctors during 
World War II.18 The number of physician assistant 
programs grew rapidly in the 1970s and were lo-
cated in a variety of institutions, including medi-
cal schools, community colleges, teaching hospi-
tals and vocational schools. Consequently, a wide 
range of credentials were awarded including cer-
tificates, associate degrees and a few baccalaure-
ate degrees.18,19

The first accreditation standards for physician 
assistant programs, The Essentials of an Accred-
ited Educational Program for the Assistant to the 
Primary Care Physician, were developed in 1971 
by the AMA Subcommittee of the Council on Medi-
cal Education’s Advisory Committee on Education 
for Allied Health Professions and Services. The 
subcommittee included representatives from the 
American Academy of Family Physicians (AAFP), 
American Academy of Pediatrics (AAP), American 
College of Physicians (ACP), American Society of 
Internal Medicine (ASIM), AMA and Association of 
American Medical Colleges (AAMC). The Essentials 
were approved by those organizations except for 
the AAMC, which declined to approve or endorse. 
In 1988, the Joint Review Committee for Educa-
tional Programs for the Assistant to Primary Care 
Physician was renamed the Accreditation Review 
Commission on Education for the Physician Assis-
tant (ARC–PA). The ARC–PA began operation as a 
free–standing accrediting agency in 2001.20
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The movement towards an entry–level mas-
ter’s degree started in the late 1980s, as sever-
al key institutions restructured their curricula to 
award a master’s degree. Factors that influenced 
this transition included a well–educated applicant 
pool, rigor of the curriculum and advancements in 
other health professions toward a masters–level 
degree.19

All new physician assistant programs estab-
lished after September 2006 must award a bacca-
laureate degree or higher. As of March 2011, there 
are 156 accredited entry–level physician assistant 
programs in the U.S., of which 4 grant certificates, 
4 grant associate degrees, 19 grant baccalaure-
ate degrees and 129 grant master’s degrees.20 
All of the certificate and associate programs for 
physician assistant education have articulation 
agreements with other institutions for obtaining a 
baccalaureate and/or master’s degree, and some 
require dual application for concurrent enrollment. 
Regardless of academic degree, to obtain a license 
to practice, students must graduate from an ac-
credited physician assistant program, successfully 
complete of the NCCPA’s Physician Assistant Na-
tional Certifying Exam and fulfill any additional 
state or territory–specific requirements.

The physician assistant profession is currently 
advancing its entry to practice to the graduate 
level. The ARC–PA has raised the accreditation 
standard for programs by requiring all programs 
accredited prior to 2013 that do not currently of-
fer a graduate degree to transition to conferring a 
graduate degree, which should be awarded by the 
sponsoring institution upon all physician assistant 
students who matriculate into the program after 
2020.21 Institutions planning to develop a pro-
gram and apply for provisional accreditation that 
do not meet these eligibility requirements will not 
be considered by the ARC–PA.

The organization states in their accreditation 
standards, ARC–PA Standards, fourth edition, “The 
[physician assistant] profession has evolved over 
time to one requiring a high level of academic rig-
or. Institutions that sponsor [physician assistant] 
programs are expected to incorporate this higher 
level of academic rigor into their programs and 
award an appropriate master’s degree.”21 Requir-
ing an entry–level doctoral degree for physician 
assistants has been discussed but there are no 
official goals or professional position statements 
to date.18,22

Nursing

The American Nurses Association (ANA) defines 

nursing as the protection, promotion and optimi-
zation of health and abilities, prevention of illness 
and injury, alleviation of suffering through the 
diagnosis and treatment of human response and 
advocacy in the care of individuals, families, com-
munities and populations.23

The education of nurses began as hospital–
based training programs during the late 1800s. 
In an attempt to raise nursing school standards 
in 1917, the National League of Nursing Educa-
tion published A Standard Curriculum for Schools 
of Nursing. Up until the 1950s, there were 2 
routes to the registered nurse credential: a di-
ploma from a hospital–based program or a bac-
calaureate from an institute of higher education. 
The creation of the associate degree registered 
nurse during the 1950s stemmed from the nurs-
ing shortage, growth of community and junior col-
leges and consumer and government interest.24,25 
The U.S. Surgeon General’s Consultant Group on 
Nursing enacted the Comprehensive Nurse Train-
ing Act of 1964 which enhanced the quality of 
nursing education by consolidating the number 
of education and training programs and supply-
ing funds for student loans, education grants and 
traineeships.26 As a result, the Board of Directors 
of the ANA adopted a position paper with the rec-
ommendations that the minimum preparation for 
beginning professional nursing practice should 
be at the baccalaureate level, that there be a re-
quirement making the baccalaureate degree the 
minimum standard for a registered nurse license, 
that a new license and title be created for associ-
ate degree nurses designating these practitioners 
as Registered Associate Nurses and that 2 types 
of technical nursing education programs: hospi-
tal–based diploma programs and practical nursing 
programs, be eliminated.27

Today, programs are accredited by the National 
League for Nursing Accrediting Commission, Inc. 
and vary in length from 2 to 4 years depending on 
program type. Additionally, the American Associa-
tion of Colleges of Nursing developed the Com-
mission on Collegiate Nursing Education in 1996, 
an accrediting body specifically for baccalaureate 
and graduate degree nursing programs.

Despite the entry–to–practice dilemma that has 
existed in the nursing profession for more than 
40 years, there are still 3 entry points to the pro-
fessional nursing credential: diploma, associate 
and baccalaureate. There are 935 accredited pro-
grams for entry–level nursing in the U.S., of which 
59 grant diplomas, 617 grant associate degrees 
and 259 baccalaureate degrees.28 Regardless of 
academic degree, a graduate must pass a state 
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licensure examination called the National Council 
Licensure Examination for Registered Nurses to 
obtain the registered nurse credential.

Although the nursing profession has not reached 
a common ground for the entry–level degree, it is 
responding to the changing needs of higher edu-
cation by utilizing distance education programs, 
developing accelerated baccalaureate tracks for 
students who hold non–nursing degrees and im-
plementing new graduate programs, such as the 
clinical nurse leader, to attract other health care 
professionals to the nursing profession. In May 
2010, the Tri–Council for Nursing, which includes 4 
independent organizations: the American Associa-
tion of Colleges of Nursing, ANA, American Orga-
nization of Nurse Executives and National League 
for Nursing, issued a consensus statement calling 
for all registered nurses to advance their educa-
tion in the interest of enhancing quality and safety 
across health care settings. The statement advo-
cates for changes in nursing practice and educa-
tion, challenges nurses to advance their education 
to the baccalaureate level and beyond and calls 
for state and federal funding for initiatives that 
facilitate nurses seeking academic progression.29

Respiratory Therapy

The American Association of Respiratory Care 
(AARC) defines respiratory therapists as health 
care professionals who specialize in the promotion 
of optimum cardiopulmonary function and health. 
Respiratory therapists employ scientific principles 
to identify, treat and prevent acute or chronic dys-
function of the cardiopulmonary system. Knowl-
edge and understanding of the scientific princi-
ples underlying cardiopulmonary physiology and 
pathophysiology, as well as biomedical engineer-
ing and technology, enable respiratory therapists 
to provide patient care services effectively.30

On–the–job training and apprenticeships pro-
grams for inhalation therapists or oxygen techni-
cians started in hospital–based programs. Formal 
education for the respiratory care profession be-
gan in the late 1940s, with national standards for 
schools in place by 1950. Educational programs in 
community colleges and technical schools flour-
ished in the 1960s. Minimum program length was 
set at 18 months in 1962.31,32

In the 1980s, there was a high demand for re-
spiratory therapists. This resulted in programs ar-
tificially shortening their curriculum to meet the 
demands of society. Many feel that the demands 
were met at the expense of the advancement of 
the profession. As respiratory care evolved from 

task–based, technical functions to providing more 
complex services, curriculum length increased as 
the knowledge base expanded. Programs began 
shifting to colleges and universities that could 
award academic credit and degrees. During the 
1990s, the American Association for Respiratory 
Care supported research on the future scope of 
practice and education of respiratory therapists. 
These efforts contributed to the growing recogni-
tion of the need for an associate degree minimum 
academic preparation for entry–level therapists.

There are 2 pathways for entry into practice for 
respiratory therapy, the associate degree and the 
baccalaureate degree. As of 2010, there are 409 
accredited entry–level respiratory therapy pro-
grams in the U.S., of which 53 programs award 
a baccalaureate degree and the other 356 award 
an associate degree.33 The minimum length of the 
program must be 2 academic years of full–time 
instruction or its equivalent. Regardless of aca-
demic degree, the entry–level credential, Certified 
Respiratory Therapist (CRT), can be attained upon 
successful completion of a national examination. 
The Registered Respiratory Therapist (RRT) cre-
dential may be obtained by successful completion 
of 2 additional examinations. Both the CRT and 
the RRT are credentialed by the National Board for 
Respiratory Care.34 On January 10, 2003, AARC 
issued a Landmark Statement on education and 
credentialing which stated: “There is a need to 
increase the number if respiratory therapists with 
advanced levels of training and education to meet 
the demands of providing services requiring com-
plex cognitive abilities and patient management 
skills. Therefore the AARC strongly encourages 
the continuing development of baccalaureate and 
graduate education in respiratory care, to include: 
traditional BS degree programs, associate degree 
to baccalaureate degree articulation and bridge 
agreements, distance education for BS degree 
programs offered at the community college level, 
promotion of master of science in Respiratory Care 
degree programs for the development of leader-
ship in the areas of management, education, re-
search, and clinical specialization.”31

Effective July 1, 2010, the Commission on Ac-
creditation for Respiratory Care (CoARC) man-
dated that programs be at least 2 years in length 
and award a minimum of an associate degree. 
Students enrolled in a 100–level program must 
graduate by December 31, 2012, to be recognized 
as graduates of a CoARC–accredited program.35

The 2009 Coalition for Baccalaureate and Gradu-
ate Respiratory Therapy Education survey provid-
ed the profession an updated roster of programs 
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which award baccalaureate and master’s degrees 
in respiratory care. This survey also revealed con-
siderable interest in developing future programs 
– 22 programs intend to initiate a program at this 
level. AARC developed a task force to direct the 
future of the respiratory therapist profession into 
2015 and beyond. One of the 10 recommenda-
tions was to request that CoARC change Standard 
1.01 to require a baccalaureate or graduate de-
gree for entry into the profession.36 A statement 
on the CoARC website expresses the commission’s 
current position: “CoARC will continue accredit-
ing and serving associate degree programs. While 
the CoARC supports the development of academic 
advancement pathways for the associate degree 
graduate in gaining baccalaureate and graduate 
degrees, the members of the Commission contin-
ue to strongly support the associate degree as the 
minimum degree required for entry to the profes-
sion.”37

Dental Hygiene

The American Dental Hygienists’ Association 
(ADHA) defines dental hygienists as licensed 
health care professionals, who support the health 
and well being of the American public through oral 
health promotion, education, prevention and ther-
apeutic services.38

The appearance of dental hygiene in the dental 
profession gained momentum in the late 1800s. 
Dentists began seeing the benefits of preventive 
care and implemented it in their own offices. Some 
dentists trained their own dental nurses without 
the benefit of formal coursework. However, Dr. Al-
fred C. Fones outlined a course of study for his 
dental assistant, Irene Newman, to train her in 
this new specialty. Within 3 years, he had trained 
and graduated 97 students. In 1915, the scope 
of practice of the dental hygienist was legally de-
fined for the first time when Connecticut enacted 
an amendment to their dental practice law to reg-
ulate the practice of dental hygienists. The first 
dental hygiene training programs were 9 months 
to 1 year in length. The professional association, 
ADHA, was formed in 1923 and association lead-
ers quickly noticed the need for standardization 
within the profession.39

The first dental hygiene accreditation standards 
were mutually developed in 1947 by 3 groups: the 
ADHA, the National Association of Dental Examin-
ers and the American Dental Association’s Coun-
cil on Dental Education, which became the cur-
rent Commission on Dental Accreditation (CODA) 
in 1975. CODA is the sole accrediting agency for 
dental education programs. Of the 30 CODA rep-

resentatives, 1 member is from the ADHA.40

According to CODA Standards for Dental Hy-
giene Programs, the curriculum must include at 
least 2 academic years of full–time instruction or 
its equivalent at the post–secondary college level. 
The scope and depth of the curriculum must reflect 
the objectives and philosophy of higher education. 
In a 2 year college setting, the graduates of the 
program must be awarded an associate degree. In 
a 4 year college or university, the graduates of the 
program must be awarded an associate degree, 
certificate or a baccalaureate degree.41

Entry to most dental hygiene programs requires 
approximately 3 semesters of prerequisite course 
work prior to the mandatory 2 year dental hygiene 
curriculum. In a recent ADHA survey, 79.9% of 
first year students had already completed at least 
2 years of college.42 Diploma, associate and bac-
calaureate are the 3 entry–level degrees awarded 
in dental hygiene. According to the 2009–2010 
Survey of Allied Dental Education, there were a 
total of 309 accredited entry–level programs in 
the U.S., of which 8 awarded certificates, 253 
awarded associate degrees and 38 awarded bac-
calaureate degrees.42 As of August 7, 2011, the 
number of accredited programs has increased to 
325.43 Regardless of academic degree, to prac-
tice in the U.S., a candidate must graduate from 
an accredited dental hygiene program and suc-
cessfully complete both a written National Board 
Dental Hygiene Examination and a clinical state 
or regional examination for individual state licen-
sure.44

The results of a 1931 ADHA survey showed that 
dental hygienists thought that program length 
should be increased to 2 years and culminate in 
a baccalaureate degree.39 In June of 2005, the 
ADHA published the report Dental Hygiene: Focus 
on Advancing the Profession, which outlines a path 
for the future of dental hygiene. The report rec-
ommended that the entry point to dental hygiene 
move from the associate’s degree to the baccalau-
reate within 5 years.38 Many barriers to enrolling 
in advanced dental hygiene education programs, 
beyond the associate’s degree, have been cited in 
the literature.45,46 Some of the barriers noted are 
the belief that the associate’s degree is sufficient 
for clinical practice, lack of degree value/benefit, 
time and funding.38,45–47Apprehension about com-
pleting a thesis is cited as a barrier to pursuing 
graduate dental hygiene education.46 Although the 
formal educational requirement of a 2 year aca-
demic program has remained unchanged, there 
have been some advancements in the practice 
and regulation of the profession.38,39
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Dental hygiene licensure is regulated by in-
dividual state boards, yet licensing exams have 
evolved from independent state exams to 5 re-
gional testing agencies, with the exception of Del-
aware which does not accept a regional exam.48 
Supervision of dental hygienists vary by state.49 
Direct supervision requires that a dentist must be 
present in the facility when a dental hygienist per-
forms procedures. General supervision requires 
that a dentist has authorized a dental hygienist 
to perform procedures but need not be present 
during the performance of those procedures. Di-
rect access does not require specific authorization 
from a dentist and a dental hygienist can provide 
services as determined appropriate. General su-
pervision is allowed in 47 states and direct access 
is allowed in 32 states.50

Dental hygienists were first allowed to admin-
ister local anesthesia in the state of Washington 
in 1971, and now 44 states  allow this expanded 
function.51 Administration of nitrous oxide seda-
tion is allowed in 29 states.52 Restorative du-
ties allowed by dental hygienists vary by state, 
yet are mostly prohibited.53 According to a June 
2010 ADHA report, there are 15 states that con-
tain statutory or regulatory language allowing the 
state Medicaid department to directly reimburse 
dental hygienists for services rendered.54 In all 
remaining states, dental hygienists cannot be di-
rectly reimbursed for their services.

Dental hygiene does not meet the strict inter-
pretation of a profession since it lacks autonomy 
and self–regulation.1 There are 17 states that 
have dental hygiene committees with some au-
thority regarding practice, but none have final 
regulatory powers.55 The profession is regulated 
by a State Board of Dentistry or Department of 
Health and may contain 1 or more dental hygiene 
members.55 Pending state and federal legislation 
impacting dental hygiene in the areas of self–reg-
ulation, direct access and workforce is tracked on 
the ADHA’s website.56

The ADHA Strategic Plan Year 2010 to 2012 
outlines advocacy goals for the profession, which 
includes objectives to increase the autonomy of 
dental hygiene and to increase the public’s direct 
access to dental hygienists. Strategies for increas-
ing autonomy include exploring the development 
of a dental hygiene accrediting agency and sup-
porting the advanced dental hygiene practitioner 
(ADHP) workforce model.47 The action plan for de-
veloping an accrediting agency includes securing 
funding for an accreditation consultant to conduct 
a comprehensive feasibility study. A recent study 
on the status of the ADHP reported several states 

are planning ADHP graduate programs while den-
tal therapists and advanced dental therapists en-
tered the Minnesota workforce in 2011.57,58

In February 2010, CODA received requests to 
accredit the educational programs in dental ther-
apy and advanced dental therapy from the Min-
nesota Board of Dentistry, the Minnesota Den-
tal Association, the University of Minnesota and 
Metropolitan State University. In August 2010, 
CODA determined that it would not proceed with 
the development of a process to accredit dental 
therapist education programs.59 Finally, in August 
2011, CODA voted to develop accreditation stan-
dards for these advanced programs. The American 
Dental Association immediately responded in op-
position, stating that they are “on record as firmly 
opposing anyone other than a dentist diagnosing 
oral disease or performing surgical/irreversible 
procedures.”60

Discussion
Based on what has been learned from other 

health care professions, the authors make the fol-
lowing recommendations for dental hygiene:

Create an Accreditation Council for Dental Hy-1.	
giene Education, under the auspices of the ADHA 
to provide self regulation of the profession: This 
was a critical step for the advancement of all 
other professions discussed in this manuscript 
and is also a component of the ADHA Strategic 
Plan 2010 to 2012.47

Mandate articulation agreements for all existing 2.	
certificate/associate degree programs to provide 
baccalaureate degree completion. An entry–lev-
el bachelor’s degree will move dental hygiene 
closer to the norm of other health professions. 
Similar to respiratory therapy in the 1980s, den-
tal hygiene has experienced curriculum creep, 
squeezing too much information into dental hy-
giene curricula at the expense of the advance-
ment of the profession.31 Accordingly, the rig-
or of the dental hygiene curriculum should be 
made equivalent to the degree granted. This has 
been done in other health professions but not in 
dental hygiene. Physical therapy and occupation 
therapy advanced their entry to practice to a 
graduate level in 2002 and 2007, respectively.

Mandate articulation agreement requirements 3.	
for the initial accreditation of all developing pro-
grams: Professions that have moved from a 2 
year to 4 year program experienced a natural 
growth in bachelor programs, while certificate 
and associate programs reduced. Physician as-
sistant programs established after 2006 must 
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Conclusion
All of the professions reviewed in this manuscript 

evolved as a means to increase the population’s ac-
cess to care and entry level education advanced due 
to the academic rigor needed to provide safe care to 
patients, such as the medically compromised. Fun-
damental change cannot happen instantaneously. It 
may take years or even decades. Yet, the similar-
ity among these professions is that they all have 
mapped out their vision to educate their graduates 
and practicing clinicians. In 1931, dental hygien-

offer a baccalaureate degree. The few that still 
award certificate or associate degrees are man-
dated to offer concurrent enrollment with insti-
tutions granting higher degrees.

ists wanted to raise the standards of the profession. 
Eighty years later, are we any closer to that vision? 
Dental hygiene must continue on the path to ad-
vance our profession and glean lessons from other 
health professions.
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Introduction
A smile is an assembly of various 

components, such as marginal gin-
giva, interdental papilla and teeth. 
Often the pink aesthetics (gingiva) 
is subjected to various insults by lo-
cal factors, such as plaque and cal-
culus, which can occasionally lead 
to overgrowths of granulomas or 
fibromas. Oral pyogenic granuloma 
(PG) is the most common gingival 
tumor. This soft, lobulated elevated 
growth, which may ulcerate spon-
taneously and may bleed on mini-
mal trauma, is considered to be a 
reactive tumor like lesion arising in 
response to poor oral hygiene lead-
ing to a chronic low grade irritation.1 
The term “Pyogenic Granuloma” is a 
misnomer as it is now believed to be 
unrelated to infection, does not con-
tain pus and is not, strictly speak-
ing, a granuloma.1 It is stated that 
PG usually affects females between 
11 to 40 years of age.2 Another fo-
cal overgrowth occurring in the gin-
giva is Peripheral Ossifying Fibroma 
(POF), which has a predilection to 
occur in females and is more com-
mon in young adults.3 The suggest-
ed etiology appears to be similar for 
both PG and POF, such as low grade 
irritation due to plaque and calculus. 
Histologically it is characterized by 
a high degree of cellularity usually 
exhibiting bone formation. It is reported that occa-
sionally cementum like material may be found.3

Though many case reports on PG and POF have 
been published,4–8 there are fewer published reports 
describing the interrelationship between these 2 
reactive overgrowths. The purpose of this article is 
to present a case of PG followed by a recurrence of 
the lesion after a year as a POF.

Interrelationship Between Pyogenic 
Granuloma and Peripheral Ossifying 
Fibroma: A Case Report
Raja Sridhar, MDS; Sangeeta Wanjari, MDS; Kanteshwari I.K., MDS

Abstract
Purpose: Pyogenic Granuloma (PG) is an inflammatory hyper-
plasia which is non–neoplastic in nature. Because of the high 
incidence of oral PG, critical need exists for its proper diagnosis 
and treatment. Peripheral Ossifying Fibroma (POF) is a focal 
reactive overgrowth occurring in young adults. Though clinically 
similar to PG, it is important to differentiate the lesions based 
on the histopathological findings that facilitate the management 
of the lesion, which is diverse in nature when compared to PG. 
Proper treatment of such overgrowths and appropriate oral hy-
giene instructions shall ensure no recurrence of the lesion.

There are very few case reports published depicting the recur-
rence of 1 lesion into another reactive overgrowth, and fewer 
case reports exists describing the interrelationship between 
these 2 lesions. Hence this case report depicts the interrelation 
between these 2 reactive fibrous overgrowths having different 
histomorphologic representation. Also, the importance of histo-
pathologic diagnosis and a proper treatment plan is emphasized 
to prevent unnecessary distress to the patient regarding the 
severity of such lesions.

An irregular gingival overgrowth occurring in the mandibular 
anterior region diagnosed histopathologically as PG in a 35 year 
old female is described. The lesion was excised. Furthermore, it 
recurred after a year in the same region and the histopathologic 
diagnosis of the lesion confirmed it as POF. The overgrowth was 
excised and thoroughly curetted. The case was followed up to 1 
year without any signs of recurrence.

Keywords: Epulis, Gingival overgrowth, Peripheral Ossifying 
Fibroma, Pyogenic granuloma

This study supports the NDHRA priority area, Clinical Dental 
Hygiene Care: Assess the use of evidence–based treatment 
recommendations in dental hygiene practice.

Case Report

Case Report
A 35 year old female patient reported to the De-

partment of Periodontics with a complaint of an iso-
lated swelling of the gingiva in relation to her man-
dibular anterior teeth. She found it aesthetically 
unacceptable. She noticed the soft tissue growth in 
the past 2 to 3 months prior to her visit. This growth 
was initially small and grew gradually in size.
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Clinical Examination

On examination, there was an irregular shaped, 
reddish pink overgrowth of about 1 cm in diameter 
which was not tender and seemed to be peduncu-
lated, arising from the interdental papilla between 
the mandibular central incisors with considerable 
amount of local factors (Figure 1). A provisional di-
agnosis of Epulis (Pyogenic granuloma) was made 
and an initial therapy of scaling was performed. 

Treatment

The overgrowth was excised and a periodontal 
dressing was placed. The patient was recalled after 
a week for removal of the dressing and evaluation. 
The excised tissue was dispatched for histopatho-
logical examination.

Histopathologic examination of the
excised tissue

Microscopic examination revealed moderately 
dense fibrocellular connective tissue stroma with 
rich vascularity, with numerous single endothelial 
lined dilated and engorged vessels. A moderately 
dense chronic inflammatory reaction was also as-
sociated with the tissue which was covered with 
parakeratinized stratified squamous epithelium of 
variable thickness (Figure 2). Histopathological di-
agnosis was reported as PG. She was recalled once 
a month for 3 months and there was no sign of re-
currence of the gingival overgrowth.

After a year, the patient reported back with a 
similar complaint of a growth in the same region. 
She expressed that the growth began to reappear 
around 8 months after the first surgical excision and 
was gradually increasing in size, leading to spacing 
between her mandibular anterior teeth. In addition, 
she complained of difficulty in mastication because 
of the growing lesion. She was apprehensive re-
garding the recurrent overgrowth fearing it to be a 
malignant lesion.

Clinical examination of the
recurrent overgrowth

On examination, an ovoid pale pink firm gingival 
overgrowth measuring around 1 cm by 1 cm was 
present at the same site of previous lesion. The 
enlarged tissue seemed to be pedunculated with a 
stalk attaching the buccal and lingual part of the 
interdental papilla (Figure 3).

Radiographic examination

An intra oral periapical radiograph of the region 

Figure 1: Gingival overgrowth present 
between mandibular central incisors.

Figure 2: Microscopic picture showing numerous 
engorged capillaries and moderately dense chronic 
inflammatory reaction in a fibrocellular stroma. 
Original magnification x 100

Figure 3: Ovoid pale pink firm gingival 
overgrowth present between mandibular incisors

at the time of recurrence revealed widening of the 
periodontal ligament space of the mandibular cen-
tral incisors and mesial of right mandibular lateral 
incisors. Also, a mild interdental bone loss was no-
ticed between mandibular incisors (Figure 4). A pro-
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Figure 4: Radiograph reveals crestal bone 
resorption between mandibular central incisors

Discussion

PG is regarded by some investigators as a benign 
neoplasm, though it is usually considered to be a 
reactive tumor–like lesion arising in response to 
various stimuli, such as a chronic low grade local ir-
ritation, traumatic injury, hormonal factors or even 
due to certain kinds of drugs.9 PG of the gingiva 
develops in up to 5% of pregnancies.9 The rapid 
growth of this lesion could be attributed to certain 
growth factors like basic fibroblast growth factor, 
connective tissue growth factor, vascular endothe-
lial growth factors and by additional factors such 
as nitric oxide synthetas.9 Though surgical excision 
with blade is the common treatment modality, new 
treatment protocols include laser excision (Nd:YAG 
laser, flash lamp pulsed dye laser), cryosurgery and 
electrodessication.9 Alternative modalities include 
intralesional injection of ethanol or corticosteroid 
and sodium tetradecyl sulphate sclerotherapy.9 

visional diagnosis of recurrence of epulis (pyogenic 
granuloma) was made and a further treatment plan 
was formulated. The differential diagnosis consisted 
of irritational fibroma and peripheral giant cell gran-
uloma.

Treatment

Since there were no true pockets present with the 
same region, excision of the lesion by means of gin-
givectomy was performed. The lesion was excised 
and the area thoroughly curetted. Prophylaxis was 
performed in relation to the involved adjacent teeth. 
Periodontal dressing was placed over the region and 
was removed after a week.

Histopathologic examination of the
excised tissue

Microscopic examination of the excised tissue 
revealed a dense cellular connective tissue stroma 
with many osteoid deposits and few small basophilic 
calicific deposits covered by parakeratinized strati-
fied squamous epithelium. The connective tissue 
showed adequate vascularity and a moderate dense 
chronic inflammatory reaction (Figures 5, 6). The 
histopathological diagnosis was reported as POF.

Follow–up

Explanations were given to the patient regarding 
the nature of the lesion and the treatment rendered 
to her. She was also motivated to come for a regular 
follow up and was recalled once in 3 months. She 
was evaluated for a period of 1 year without any 
sign of recurrence.

Although the excision should be conservative, it 
should extend down to the periosteum and the ad-
jacent teeth should be thoroughly scaled to remove 
the source of continuing irritation.1 It has been 
stated that recurrence occurs in up to 16% of the 
lesions,9 the causes for which could be attributed to 
incomplete excision, failure to remove etiologic fac-
tors or re–injury of the area.10 Though a thorough 
excision of the lesion was performed in the present 
case, the overgrowth recurred in the same area af-
ter 1 year. 

POFs account for 9.6% of gingival lesions.11 The 
numerous terminologies used for these gingival le-
sions, such as peripheral odontogenic fibroma, pe-
ripheral cementifying fibroma12 or calcifying fibroid 
epulis,3 indicates that there is a lot of controversy 
regarding the classification. Fibro osseous lesions 
of the jaw continue to present problems in diagno-
sis and classification to clinicians and pathologists 
despite the advances in our understanding of this 
entity. Waldron et al classified these lesions into 3 
main categories: fibrous –dysplasia, reactive lesions 
(periapical cemento–osseous dysplasia and florid 
cemento–osseous dysplasia) and fibro–osseous 
neoplasm.13 Cemento ossifying fibroma is included 
in the third category of non–odontogenic tumors 
since the 1992 World Health Organization classifi-
cation.13 The mineralized product seen in ossifying 
fibromas probably originates from periosteal cells 
or from the periodontal ligament. The reasons for 
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Figures 5 and 6: Microscopic pictures showing few irregular osteoid deposits with few small 
basophilic calcifications surrounded by dense cellular stroma with adequate vascularity and 
moderately dense chronic inflammatory reaction

Original magnification x100 (Figure 5) and x40 (Figure 6)

5 6

considering periodontal ligament origin is the ex-
clusive occurrence of these fibromas in the gingiva 
(interdental papilla), the proximity of gingiva to the 
periodontal ligament and the presence of oxytalan 
fibers within the mineralized matrix of some lesions 
and the fibrocellular response, which is similar to 
other reactive gingival lesions of periodontal liga-
ment origin.14

POF has been stated to occur frequently in the 
maxillary anterior region and more in the adoles-
cent age group.15 In the present report, the lesion 
was observed in a 35 year old patient in the man-
dibular anterior area, which contradicts the age of 
incidence and the site of the lesion. There are very 
few reported cases of isolated POF in the mandibular 
anterior area. Although the size of the lesion usu-
ally is described around 1.5 cm,16 a recent report 
presented a lesion of around 6 cm in the mandibu-
lar premolar region.17 The overgrowth presented in 
our case was well within the normal range. There 
is a variation in the radiographic features of these 
lesions. Radiopaque foci of calcifications have been 
reported to be scattered in the central area of the 
lesion but not all lesions demonstrate radiograph-
ic calcifications.18 Underlying bone involvement is 
usually not associated, however, in rare instances 
superficial erosion of bone is noted.18 This was seen 
in the present case where resorption of crestal bone 
was seen between the mandibular central incisors. 
POF can sometimes lead to tooth separation.19 This, 
too, was noted in the present case, leading to sepa-
ration of mandibular central incisors.

Ossifying fibromas elaborate bone, cementum 
and spheroidal calcifications, which has given rise 
to various terms. The term cemento ossifying has 
been referred to as outdated and scientifically in-

accurate because the clinical presentation and the 
histopathology of cemento ossifying fibroma are the 
same in areas where there is no cementum, such 
as the skull, femur and tibia. Also, there is no histo-
logic or biochemical difference between cementum 
and bone.12 Cemento ossifying fibroma is the term 
given mainly due to the presence of dysmorphic 
round basophilic bone particles within ossifying fi-
broma, which have arbitrarily been called cemen-
ticles.12 The preferred treatment is local surgical 
excision, which should extend up to the periodontal 
ligament and periosteum at the base of the lesion. 
This was performed in the present case. The recur-
rence rate for POF is documented as 8.9 to 20%.20 
The recovery was uneventful in the present case 
and the patient was followed for 1 year on a regular 
recall basis wherein she remained tumor free.

Investigators have attempted to establish a rela-
tionship between PG and POF, stating that PG and 
POF may represent progressive stages of the same 

Figure 7: Postoperative facial view after 
one year without any sign of recurrence of 
gingival overgrowth.
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Conclusion
When a gingival overgrowth is found, it is impor-

tant to formulate an appropriate diagnosis of the 
condition, which would help in management of the 
patient. Histopathological findings have an impor-
tant role and are definitive in establishing a diag-
nosis. The treatment of these focal reactive over-
growths is complete elimination of the lesion and 
etiologic factors. Regular follow up is also very es-
sential to avoid recurrence of the lesion.

Dr. Raja Sridhar is currently working as a Reader 
in Department of Periodontics at Modern Dental Col-
lege & Research Centre, Indore, India. He is also a 
guide to Dental hygienist Students.

pathology.17 It has been suggested that long stand-
ing PG may undergo organization and healing, which 
is evident histologically with features of decreased 
vascularity, decreased inflammation and focal os-
sification.17 This long duration and maturation may 
lead to the development of POF. However, it has 
also been suggested the POF is a separate clinical 
entity rather than a transitional form of PG.21 In 
the present case report, the clinical and histopatho-
logical features of the initial and recurrent lesions 
avowed the theory that PG and POF may represent 
progressive stages of the same pathology. What-
ever the reason for the occurrence of a second le-
sion, the authors continue to believe that PG and 
POF belong to the same spectrum of focal reactive 
overgrowths.
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Introduction

The American Academy of Perio-
dontology (AAP) estimates preva-
lence of moderate to severe general-
ized periodontitis to be 30% or higher 
in the U.S. adult population, depend-
ing on the classification.1 Periodontal 
disease impacts a large number of 
Americans and plays a role in other 
more serious and costly health prob-
lems. Periodontitis is a leading cause 
of tooth loss, tooth mobility and den-
tal abscess, and is also positively 
associated with cardiovascular dis-
ease,2 obesity,3 Alzheimer’s disease4 
and diabetes mellitus.5–12 The dis-
ease is characterized by chronic in-
flammation, loss of attachment and 
bone loss. The condition is primarily 
caused by bacteria in dental plaque 
acting alone or in conjunction with 
systemic and genetic factors.13 Other 
factors associated with the disease 
include psychological stress,14 cer-
tain medications,15,16 genetics16 and 
tobacco use.12,17,18 In fact, tobacco 
use is causally associated with perio-
dontitis12,18–21 in a dose dependent 
relationship,22 and studies estimate 
the smoking attributable risk to be 
20%.1 Cigarette smoking, along with 
vasoconstriction, impacts individual 
cells involved with the perpetua-
tion of periodontal disease, such as 
those involved in inflammation, im-
munity, cell differentiation and heal-
ing.23 Within the estimated 3.6 to 
5% of Americans with periodontal 
disease,24,25 current smokers exhibit 
higher rates of disease.26 Smoking 
alters microbial and host response 
factors in periodontitis, and has been implicated in 
bone loss, such as osteoporosis.27 In respect to mi-
crobes, preliminary findings by Teughels et al indicate 
that individual periopathogens’ (A. Actinomycetem-
comitans and P. Gingivalis) colonization of tissues 

Environmental Tobacco Smoke and 
Periodontitis in U.S. Non–Smokers
Julie D. Sutton, RDH, BSDH, MS; Leah M. Ranney, PhD; Rebecca 
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Abstract
Purpose: The association of second hand smoke or environmen-
tal tobacco smoke (ETS) and periodontitis in non–smokers has not 
been confirmed using a biomarker of ETS exposure. To estimate 
periodontitis prevalence in non–smokers with detectable serum 
cotinine, and to investigate racial/ethnic and socioeconomic varia-
tion in ETS exposure in a representative sample of the U.S. adult 
population. Determining periodontitis risk indicators occurring with 
ETS appears to be a salient purpose as this study is the first of its 
kind to provide a link (a salivary biomarker) between second hand 
smoke and risk for periodontitis.

Methods: Data were collected from the 1999 to 2004 National 
Health and Nutrition Examination Survey (NHANES). Subjects 
were 3,137 adults who had smoked fewer than 100 cigarettes 
and had not used other forms of tobacco. ETS exposure was clas-
sified as negligible (cotinine concentrations below sex and race/
ethnicity cut–points for smokers), moderate (cotinine 0.5–<1.5 
μg/mL) or  high (cotinine≥1.5 ng/mL). Periodontitis was classified 
according to the Centers for Disease Control and Prevention (CDC) 
and the American Academy of Periodontology (AAP) case defini-
tion for moderate–severe disease. Survey estimation procedures 
were used to estimate prevalence and odds ratios (OR) were from 
multivariable logistic regression models.

Results: ETS exposure was observed in 40.5% of subjects and 
2.6% had periodontitis. ETS exposure was inversely associated 
with educational attainment and family income and was high-
er in non–Hispanic blacks than whites. After adjusting for age, 
sex and year of survey, adults with high ETS exposure (coti-
nine≥1.5 ng/mL) had more than twice the odds of periodontitis 
as people with negligible exposure (OR=2.3, 95% confidence 
interval=1.3, 4.1).

Conclusion: High ETS exposure was a risk indicator for perio-
dontitis in lifetime non–smokers.

Keywords: Cotinine, Periodontal disease, Serum–plasma, Tobacco

This study supports the NDHRA priority area, Health Promo-
tion/Disease Prevention: Investigate how environmental fac-
tors (culture, socioeconomic status– SES, education) influence 
oral health behaviors.

Research

could be impacted by nicotine, found in smoke, in 
a species–specific manner.28 Environmental tobacco 
smoke (ETS), like active smoking, impacts the im-
mune response, namely polymorphonuclear leuko-
cyte (PMN) function such as phagocytosis, chemot-
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axis and oxidative burst.29 As reported by Numabe 
et al, phagocytic activities of PMN intensify after 
smoking and exposure to ETS.29 Additionally, the 
results suggested that certain substances in smoke 
over–stimulate the host response in the oral cav-
ity,29 making the exposed more likely to experience 
attachment and tooth loss.30

Risk for periodontitis increases with the number 
of cigarettes smoked, or consumption, with notable 
differences observed in as few as 10 cigarettes per 
day.22,26,31,32 Periodontitis is 6 to 7 times as prevalent 
in the estimated 46 million adults in the U.S. who 
currently smoke.33,34 Smoking also makes the dis-
ease more virulent and difficult to treat.21,35,36

Non–smokers exposed to ETS absorb approxi-
mately one–third the level of nicotine per cigarette 
absorbed by active smokers.37–40 Physiological me-
tabolism of nicotine after exposure yields cotinine 
(nicotine’s metabolite) in saliva, urine and serum.37 

The concentration of cotinine in fluids allows de-
termination of active smoking or environmental 
exposure, and provides a recent measurement of 
exposure,  as well as an objective biomarker of ex-
posure.40

There is evidence of a relationship between perio-
dontitis in non–smokers and exposure to environ-
mental tobacco smoke.41,42 Arbes et al observed 
that non–smokers with self–reported ETS exposure 
had 1.6 times the odds for periodontal disease com-
pared to those not exposed.41,43,44 The increased 
risk for periodontitis occurs with the exposure to 
nicotine which over–stimulates the host response 
in the oral cavity, complicating the already inflam-
matory nature of periodontal diseases.27,41 In fact, 
the inflammatory response in salivary inflammatory 
markers is notable among those exposed to second-
hand smoke as ETS is associated with an elevated 
concentration of inflammatory makers interleukin 
–1β, albumin and aspartate aminotransferase, in 
those exposed to passive smoke.45,46 To date, mea-
surements of ETS in the periodontal literature are 
limited to self–report and no objective biomarker of 
exposure has been examined.

ETS exposure is unequally distributed between 
racial and ethnic groups. For physiological and be-
havioral reasons, non–Hispanic Blacks show higher 
concentrations of cotinine, with less exposure to 
cigarette smoke, than do non–Hispanic whites. To-
tal and non–renal clearance of circulating cotinine 
is significantly lower in non–Hispanic blacks.47 Fur-
thermore, nicotine intake is 30% higher in African 
Americans, with a somewhat longer half–life for 
circulating cotinine.47 The different absorption and 
manifestation of serum cotinine concentration in dif-

ferent races is supported by the prevalence of perio-
dontitis cases. According to Albandar et al, African 
Americans and Mexican Americans display poorer 
periodontal health than whites with comparable in-
come and educational attainment.48 Signorello et al 
reported that “differences in cotinine levels among 
smokers suggest racial variation in exposure to/or 
metabolism of tobacco smoke constituents.”49

Smoking and ETS exposure are known hazards 
to health, including the oral cavity, and tooth at-
tachment apparatus.12 Together with racial and so-
cioeconomic status, the differing levels of ETS ex-
posure and different rates of metabolism for serum 
cotinine provide a means and motivation to assess 
periodontal disease risk among the non–smoking 
population.41 The aim of this study was to determine 
the prevalence of periodontitis in non–smokers with 
detectable serum cotinine, and to investigate the 
variation in ETS exposure among non–smokers 
classified according to racial and socio–economic 
characteristics.

Methods and Materials

Study and Sampling Designs

This cross–sectional study is nested within a 
larger study designed to examine the relationship 
of a state’s cigarette excise tax on cigarette sales 
and levels of ETS. Data were obtained from the 
National Health and Nutrition Examination Survey 
(NHANES) release dates 1999 to 2000, 2001 to 
2002 and 2003 to 2004. The NHANES is an on-
going representative survey of the health and nu-
trition status of the civilian, non–institutionalized 
U.S. population, conducted by the National Center 
for Health Statistics (NCHS).50

The NHANES uses a complex cross–sectional 
survey design to sample participants 2 months of 
age and older.41 Because NHANES typically samples 
15 primary sampling units per survey, the current 
study combined 3 survey releases to maximize the 
number of sampled states.

Data Collection

Data collection consisted of a household inter-
view, blood draw and a medical examination in-
cluding a dental examination, conducted in the Mo-
bile Examination Center. The household interview 
included questions pertaining to socioeconomic 
characteristics, medical/dental history and health 
behaviors, such as smoking. During the physical 
examination, blood was collected by venipuncture 
to allow for serum cotinine measurement in par-
ticipants over 3 years of age.51 Signed informed 
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consent was obtained for all participants, in person 
or by proxy.

Participants

 In the combined 1999 to 2004 NHANES data, 
9,932 adults aged 20 years or older received a 
periodontal assessment. Those who reported hav-
ing smoked at least 100 cigarettes in their lifetime 
(n=4,553) were precluded from analysis. Also 
precluded were 13 adults with undisclosed smok-
ing status, along with individuals with a history of 
tobacco use through pipe, cigar, snuff or chewing 
tobacco (n=456). Examination of serum cotinine 
identified participants whose sex or race/ethnici-
ty–specific concentrations exceeded thresholds for 
non–smokers (n=437), and these were likewise 
ineligible. Finally, adults having lived in the U.S. 
fewer than 10 years were precluded (n=1,336) 
since ETS exposure in these individuals could not 
be related to the state–level excise as this study 
is nested within a greater investigation of tobac-
co excise tax and its relationship to periodontitis. 
Hence this analysis was limited to 3,137 U.S. life-
time non–smokers.

Dependent Variable

An assessment of periodontal tissues was con-
ducted by a licensed dentist during the NHANES 
oral examination. Examination measured bleed-
ing on probing and periodontal pocket depth for 2 
randomly assigned quadrants: 1 upper and 1 low-
er. Probing was done using a National Institute of 
Dental Research probe.

The assessment included permanent fully erupt-
ed teeth, excluding root tips, partially erupted 
teeth and third molars. Measurements used were 
taken from the mesial and mid–buccal aspects of 
the teeth from distal to mesial, beginning with the 
distal–most tooth, moving toward the midline.  
Over the 6 year survey period, periodontal mea-
surement techniques differed. For release dates 
1999 to 2000, periodontal measurements were 
taken at 2 sites on each assessed tooth: midbuccal 
and mesiobuccal. For release dates 2001 to 2002 
and 2003 to 2004, measurements were collected 
from the midbuccal, mesiobuccal and distobuccal 
sites of teeth. For consistency during analysis, the 
mesiobuccal numbers were analyzed for the entire 
survey period, as interproximal sites pertain di-
rectly to the case definition used.

Periodontal cases were defined using a case clas-
sification developed by the AAP and the CDC.24 The 
AAP defines moderate/severe periodontal disease 
as “two or more interproximal sites with clinical at-

tachment level ≥4 mm, not on the same tooth, or 
two or more interproximal sites with probing depth 
≥5 mm, not on the same tooth.”24

Key Exposure Variable

Questions about smoking history and use of to-
bacco products were presented in the household 
interview. Environmental tobacco smoke exposure 
was measured using serum cotinine measure-
ments collected during the medical examination. 
Exposure was defined as serum cotinine measure-
ments ≥0.05 ng/mL, as this is the NHANES labora-
tory–limit for detection. The use of the biomarker 
cotinine was indicated due to its ability to reflect 
nicotine exposure over days and its specificity to 
nicotine,52 evaluating only recent cigarette smoke 
exposure as opposed to all environmental inhaled 
substances.53

Independent Variables

Along with tobacco smoke exposure, the char-
acteristics age, sex, educational attainment, an-
nual family income and ethnicity were considered 
independent variables. These characteristics were 
identified during the household interview question-
naire.

In this non–smoking subset of the general U.S. 
population, males and all individuals with low levels 
of education and family income were under–repre-
sented. According to serum cotinine concentrations, 
40.5% of participants were exposed to ETS (Table 
I). Greater proportions of males than females were 
exposed, and adults 20 to 49 years of age were 
more likely to be exposed than were their older 
counterparts (p<0.001). Most pronounced differ-
ences in ETS exposure were found between racial 
groups. Two–thirds of African Americans were ex-
posed compared with approximately one–third of 
Non–Hispanic whites (p<0.001). Even within this 
advantaged subset of the U.S. population, inverse 
socioeconomic gradients were observed in levels of 
ETS exposure (Table I).

The CDC/AAP case classification for moderate 
or severe periodontitis was met by 2.6% of par-
ticipants (n=82, Table II). Of note, serum cotinine 
concentration was not significantly associated with 
periodontitis in unadjusted analysis. In addition, 
the associations of periodontitis with sex and race/
ethnicity were statistically non–significant, while 
age and socioeconomic status were strongly associ-
ated with the disease. Odds of periodontitis were el-
evated 9–fold in adults with incomplete high school 

Results
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Characteristic Unweighted n 
and weighted %

Exposure to ETS 
(%)a 95% CI P–value

All 3,137 (100.0) 40.5 35.9, 45.2

Sex

Male 1,090 (36.9) 46.4 40.3, 52.6 <0.001

Female 2,047 (63.1) 37.0 32.7, 41.6

Age group (years)

20–49 years 2,003 (69.7) 43.9 38.9, 48.9 <0.001

50–85 years 1,134 (30.3) 32.6 27.7, 38.0

Race/ethnicity

Non–Hispanic White 1,858 (79.2) 36.2 31.1, 41.7 <0.001

Non–Hispanic Black 718 (12.4) 65.7 60.0, 71.1

Hispanic 522 (6.9) 41.1 33.1, 49.7

Other 39 (1.5) 51.3 31.4, 70.7

Educational attainment

Less than high school 513 (9.8) 58.4 51.0, 65.5 <0.001

High school graduate or equivalent 725 (22.7) 50.7 44.6, 56.7

Some college or more education 1,898 (67.5) 34.4 29.4, 39.8

Missing 1 

Annual family income 

<$25,000 930 (24.5) 54.2 47.5, 60.7 <0.001

$25,000–<$75,000 1,352 (44.4) 40.7 34.8, 46.8

≥$75,000 756 (31.2) 29.1 23.7, 35.2

Missing 99 

Table I: Selected characteristics of the dentate non–smoking population aged 20 years or older, 
resident in the U.S. for ≥10 years, and the percentage exposed to environment tobacco smoke 
(n=3,137), NHANES 1999 to 2004

aEnvironmental tobacco smoke exposure was determined by sex– and race–specific thresholds of serum cotinine 
above the laboratory detection limit for 1999–2000 NHANES of 0.05ng/mL
b All estimates are weighted data, except the number of study participants, which is reported unweighted

education relative to those with at least some col-
lege education (OR=9.1, 95% CI: 5.2, 15.9). In the 
multivariable model (Table III) that adjusted for po-
tential confounding of age and other factors, odds 
of periodontitis were 89% higher in adults with co-
tinine concentration ≥1.5ng/mL compared to those 
with negligible concentrations. The predicted proba-
bility of meeting the periodontitis case classification 
increased monotonically with increasing levels of 
serum cotinine concentration (Figure 1). For these 
results, binary logistic regression was computed us-
ing STATA software.

Discussion

This study sought to evaluate the relationship 
between environmental tobacco smoke and peri-
odontitis in non–smokers using an objective bio-
marker. The primary finding was that periodontitis 
in non–smokers is negatively impacted by expo-

sure to environmental tobacco smoke. This stands 
in agreement with similar previous studies such 
as Arbes et al who found a relationship between 
self–reported smoke exposure and periodontitis in 
non–smokers.54 Other investigators have reported 
an increase in salivary markers related to perio-
dontitis with exposure isolated through salivary 
cotinine.45,46 NHANES data provided a representa-
tive sample of the American population, as well as 
a large sample size for analysis. Moreover, it al-
lowed for analysis of tobacco use in addition to cig-
arettes alone. Specifically, it allowed for the study 
of participants controlled for cigar, pipe, snuff and 
chew tobacco use. Both the medical history ques-
tionnaire in the NHANES protocol and the serum 
concentration tests for serum cotinine added to re-
porting accuracy.

This study evaluated data from 1999 to 2004. 
Since that time regulations controlling exposure of 
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Characteristic Serum cotinine (ng/
mL) mean (95% CI) P–value Periodontitisa preva-

lence (95% C.I.) P–value OR periodontitis 
(95% CI)

All 0.20 (0.18, 0.23) – 2.61 (2.08, 3.26) – –

Sex

Male 0.25 (0.21, 0.30)
<0.001

2.16 (1.46, 3.17)
0.302

1.34 (0.76, 2.36)

Female 0.17 (0.15, 0.20) 2.87 (2.09, 3.92) Ref

Age group

20–49 years 0.23 (0.20, 0.27)
<0.001

0.49 (0.32, 0.75)
<0.001

Ref

50–85 years 0.13 (0.10, 0.16) 7.46 (5.98, 9.28) 16.27 (10.49, 25.23)

Race/ethnicity

Non–Hispanic White 0.16 (0.14, 0.19)

<0.001

2.33 (1.78, 3.04)

0.146

Ref

Non–Hispanic Black 0.50 (0.40, 0.59) 4.07 (2.84, 5.80) 1.78 (1.10, 2.88)

Hispanic 0.11 (0.08, 0.13) 2.70 (1.56, 4.63) 1.16 (0.64, 2.12)

Other 0.18 (0.06, 0.30) 4.79 (0.90, 21.77) 2.11 (0.42, 10.65)

Educational attainmentb

<High school 0.44 (0.33, 0.54)

<0.001

9.48 (6.96, 12.80)

<0.001

9.07 (5.16, 15.94)

High school or 
equivalent 0.26 (0.20, 0.32) 4.00 (2.60, 6.09) 3.60 (1.95, 6.65)

≥Some college 0.15 (0.12, 0.18) 1.14 (0.75, 1.72) Ref

Annual family incomeb

<$25,000 0.36 (0.28, 0.43)

<0.001

5.24 (3.77, 7.25)

<0.001

6.27 (2.45, 16.04)

$25,000–<$75,000 0.19 (0.15, 0.22) 2.32 (1.61, 3.33) 2.69 (1.07, 6.72)

≥$75,000 0.10 (0.07, 0.13) 0.88 (0.38, 2.00) Ref

Serum cotinine concentrationc

<0.05 ng/mL 0.02 (0.02, 0.03)

<0.001

2.33 (1.66, 3.27)

0.509

Ref

0.05–<0.15 ng/mL 0.09 (0.08, 0.09) 3.06 (1.94, 4.80) 1.32 (0.73, 2.40)

≥1.5 ng/mL 0.82 (0.75, 0.90) 2.97 (1.96, 4.48) 1.28 (0.74, 2.22)

Table II: Mean (95% CI) serum cotinine level (ng/mL), prevalence of periodontitis (95% CI) 
and odds ratios for periodontitis (95% CI) according to socio-demographic characteristics of 
study participants (n=3,137), NHANES 1999 to 2004

aCDC/AAP case classification for moderate or severe periodontitis defined as ≥2 interproximal sites with clinical 
attachment level ≥4 mm, not on the same tooth, or ≥2interproximal sites with probing depth ≥5 mm, not on the 
same tooth
bFewer than 3,137 subjects were analyzed because of missing data
cThe laboratory detection limit fort 1999–2000 NHANES (0.05) was applied for all years (1999–2004) 

ETS to non–smokers have changed. For example, 
in 2009, the Family Smoking Prevention and To-
bacco Control Act was passed granting the Food 
and Drug Administration the authority to regulate 
tobacco products.55 Among the states, North Caro-
lina recently passed tobacco control legislation to 
ban cigarette smoking in restaurants as of January 
20, 2010.56 Of the 50 states in America, 50% of 
the U.S. population was protected by some com-
bination of Clean Air policies as of 2008.57 Recent 
tobacco control acts undoubtedly changed who is 
exposed to cigarette smoke and at what rate. 

Another limitation of the data is that NHANES 

protocol allows for half–mouth data collection, with 
limited periodontal reading sites per tooth during 
the periodontal assessment. However, officials at 
the CDC concede that this abbreviated assessment 
protocol under reports periodontitis prevalence.58 
The periodontal assessment protocol changed 
throughout the 5 years of data collection reported 
in this study, therefore, collected data were re-
duced to the 2 common sites per tooth. Additional-
ly, NHANES reports that trained dentists performed 
the periodontal assessments, but no kappa score 
is reported for intra–rater reliability. The question-
naires and testing methods do not identify in which 
locale the participants were exposed to second 
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 Characteristic OR (95% CI)

Sex

Male 1.17 (0.65, 2.12)

Female Ref

Age in years 1.08 (1.06, 1.10)

Race/ethnicity (c)

Non–Hispanic white Ref

Non–Hispanic black 2.52 (1.35, 4.71)

Hispanic 1.70 (0.81, 3.58)

Educational attainment

Less than high school education 2.74 (1.45, 5.21)

High school graduate or equivalent 1.82 (0.89, 3.71)

Some college or more education Ref

Annual family income

<$25,000 1.79 (0.68, 4.70)

$25,000–<$75,000 1.42 (0.57, 3.56)

≥$75,000 Ref

 Serum cotinine concentration

<0.05 ng/mL Ref

0.05 – <0.15 ng/mL 1.16 (0.62, 2.18)

≥1.5 ng/mL 1.89 (1.08, 3.31)

aCDC/AAP case classification for moderate or severe 
periodontitis defined as ≥2 interproximal sites with clini-
cal attachment level ≥4 mm, not on the same tooth, or 
≥2interproximal sites with probing depth ≥5 mm, not on 
the same tooth
bResults are adjusted for year of NHANES survey 
cPersons identifying racially as “Other” were omitted 
from this analysis due to the small number of these 
subjects (n=39)

Table III: Multivariable analysis modeling 
odds ratio and 95% confidence interval for 
moderate or severe periodontitisa in dentate 
non–smoking U.S. adults aged ≥20 yearsb 
(n=2,998), NHANES 1999 to 2004

Serum cotinine (nanograms per milliliter)
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p=0.001

Figure 1: Predicted probability and 95% 
confidence interval of having moderate or severe 
periodontitis according to level of serum cotinine 
and adjusted for age, sex and year of NHANES, in 
dentate non–smoking U.S. adults aged ≥20 years 
(n=3,137), NHANES 1999 to 2004

Periodontitis is defined using the CDC/AAP case classi-
fication for moderate or severe periodontitis: either ≥2 
interproximal sites with clinical attachment level ≥4 mm, 
not on the same tooth, or ≥2 interproximal sites with 
probing depth ≥5 mm, not on the same tooth

hand smoke. For this reason, it is difficult to know 
which improvements should be made to tobacco 
control policy.

Unexpectedly, the threshold of harmful expo-
sure differed between racial groups. For example, 
from the same exposure, non–Hispanic blacks 
absorb 30% more cotinine than do non–Hispanic 
whites.47 Greater absorption of ETS may explain 
why non–Hispanic blacks were more likely to have 
periodontitis than non–Hispanic whites. Also unex-
pected was the finding that younger adults were 
less likely to have periodontitis while being more 
exposed to cotinine, however, age is an associated 
risk factor for periodontitis due to lifetime disease 

and CAL accumulation.16,59 The increased exposure 
in younger adults could be due to lifestyle differ-
ences, exposure environments and personal oral 
hygiene habits.47

Studies have previously linked cigarette smok-
ing to race, as well as social gradients in perio-
dontitis.48,60,61 Therefore, the strong gradient found 
between income level and cotinine exposure, as 
well as the one found between education level and 
exposure, were expected.62,63 In general, the study 
methods used here could be implemented in any 
other nationally representative examination. This 
study echoes the finding of income, education and 
race gradients between exposure and disease. It 
also confirms that tobacco control bans are ben-
eficial64,65 and should increase in the future as they 
decrease public smoking and the permeation of en-
vironmental tobacco smoke. Future research could 
evaluate in what specific ways public smoking bans 
are beneficial to non–smoking, at–risk popula-
tions.
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Conclusion
Cigarette smoke is harmful to periodontal health, 

whether exposure is voluntary or involuntary. ETS 
is implicated in a list of diseases that mirrors those 
caused by firsthand smoke, with a similar mecha-
nism of action. For measurement of environmental 
exposure, especially in non–smokers, the mecha-
nism of choice is isolation of cotinine in bodily fluids 
such as serum, saliva and urine. 

Of the impacted diseases, periodontitis is one of 
importance. This study proposed to examine the 
relationship between objectively measured expo-
sure to environmental tobacco smoke and perio-
dontitis. By and large, the Americans most affected 
by both smoke and disease are those in the lower 
socioeconomic classes, namely low income, low 
education and minority groups. Ultimately, roughly 
half the non–smokers sampled were exposed to 
ETS, and their exposure was significantly associ-
ated with 2–fold risk of periodontitis.

Julie D. Sutton, RDH, MS is a graduate of the 
University of North Carolina at Chapel Hill and is a 
dental hygiene instructor at Hawkeye Community 
College in Waterloo, Iowa. Leah M. Ranney, PhD, 
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Hygiene Education, Department of Dental Ecology, 
University of North Carolina at Chapel Hill. Anne E. 
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fessor at the Department of Dental Ecology, Uni-
versity of North Carolina at Chapel Hill.

Currently, psychological tools and assessment 
instruments are used to encourage meaningful 
and motivated behavior change in patients, as well 
as increase provider confidence in providing ces-
sation techniques.66,67 This study has strong and 
timely implications for dental hygiene practice. An 
update on clinical practice guidelines regarding 
smoking cessation counseling estimated a 2–fold 
increase in smoking cessation counseling since the 
early 1990s, as well as a steadily decreasing rate 
of smokers.68 Multiple controlled trials report effi-
cacy in tobacco cessation counseling,67–69 indicating 
that moments shared by patients and providers in 
dental care settings are teachable moments,70 and 
that patients listen and are encouraged by the fo-
cus on individualized oral health. For instance, pa-
tients are more likely to approach tobacco behav-
ior change in response to existing oral complaints 
such as tooth color or oral malodor that can be as-
sociated with smoking.71 For that reason, as well as 
the documented link between cigarette smoke and 
systemic disease,72–74 this study is crucial.

Dental hygienists are in a powerful position 
to affect future behaviors of patients by utilizing 
those teachable moments to relate to patients and 
identify those at risk. Research demonstrates that 
flexibility in tobacco education curriculum encour-
ages incorporation of tobacco education in dental 
hygiene programs.75 In an ever expanding body of 
research, the curriculum should expand to include 
the most recent evidence – that ETS affects the 
periodontal health of even non–smoking patients. 
This, along with continued research, could further 
strengthen the education provided to patients as 
well as the confidence with which it is delivered.76

The strong relationship found between serum 
cotinine and increased odds of periodontitis pro-
vides evidence that mere smoking cessation coun-
seling is not enough. Education about risk of ciga-
rette smoke should also express the risk of passive 
smoke exposure. This finding holds importance for 
health care providers in a position to advise and 
educate patients. Since a large percentage of those 
unwillingly exposed to second hand smoke are 
children, an effort to inform parents though public 
health initiatives and stronger tobacco control poli-
cies for homes and cars would be valuable.77

In the future, similar studies with more recent 
release dates are needed to compare the differ-

ences in exposure to non–smokers as tobacco con-
trol policy increases. Sub–grouped participants in 
areas of high tobacco control, moderate and low 
areas of tobacco control would further identify the 
benefit of reducing exposure, particularly in areas 
with disadvantaged populations. Due to the strong 
socioeconomic gradients, studies of the knowl-
edge and opinions about passive smoke of at–risk 
groups could illuminate shortcomings in education 
to protect those most at risk of exposure and help 
to advance tobacco control policies.
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Introduction
Despite substantial improvement 

in the oral health status of popula-
tions across the world, periodontal 
disease still remains a significant so-
cial burden. Periodontal diseases are 
the end result of the host response 
to complex actions of a group of 
periodontal bacteria, predominantly 
gram–negative anaerobes. Accumu-
lating evidence on the role of peri-
odontal diseases on general health 
has related chronic periodontal in-
flammation to various systemic dis-
eases, diabetes mellitus being the 
most consistent.1 On the other hand, 
the aggravating effect of periodontal 
diseases on cardiovascular diseases, 
pre–term and/or low birth weight, 
stroke, pneumonia and anemia has 
been clinically observed.2–15

The association between anemia 
and periodontal disease has been ex-
plored since the 20th century. Avail-
able literature indicates a 2–way 
relationship with some reports sug-
gesting anemia to be a cause of de-
structive periodontal disease, where-
as others suggest it is a consequence 
of it. Siegel et al reported depression 
in the number of erythrocytes ap-
parently secondary to the presence 
of periodontal disease.8 Various au-
thors in the literature have substan-
tiated these findings.9–13,15 However, 
little was known at that time about 
the reasons for the hematological 
alterations. Lainson was one of the 
first authors to implicate anemia as a 
systemic cause of periodontitis.16

Effect of Scaling and Root Planing on 
Erythrocyte Count, Hemoglobin and 
Hematocrit in Patients with Chronic 
Periodontal Disease
Ranjan Malhotra, BDS, MDS; Anoop Kapoor, BDS, MDS; 
Vishakha Grover, BDS, MDS; Deepak Grover, BDS, MDS; 
Aaswin Kaur

Abstract
Purpose: Anemia of chronic disease, a cytokine–mediated anemia, 
is a frequent complication of many chronic inflammatory conditions. 
The present clinical trial was aimed to evaluate the effect of chronic 
periodontal disease on erythrocyte count, hemoglobin and hemat-
ocrit and the changes produced in these parameters after the provi-
sion of periodontal therapy.

Methods: 40 systemically healthy non–smoker male subjects in 
the age group of 25 to 50 years suffering with chronic periodontal 
disease were selected and categorized into 2 groups. Group A was 
categorized as chronic generalized gingivitis, and Group B was cat-
egorized as chronic generalized periodontitis on the basis of clinical 
findings. The clinical parameters Gingival Index (GI), Probing Pock-
et Depth (PPD) and Relative Attachment Level (RAL) and laboratory 
blood investigations viz erythrocyte count (EC), hemoglobin (Hb), 
hematocrit (HCT) and red cell indices (MCV, MCH, MCHC) were re-
corded at baseline. Complete oral prophylaxis was performed for all 
patients. Patients were recalled after 3 weeks and 3 months. The 
clinical and hematological parameters were re–evaluated to analyze 
the changes after provision of phase I therapy.

Results: The mean values of EC, Hb and HCT were significantly 
lower in Group B in comparison to Group A, and showed a signifi-
cantly greater increase at 3 months of observation. However, the 
values of MCV, MCH and MCHC showed a non significant change 
during the same observation period in both the groups.

Conclusion: Lower values of EC, Hb and HCT in Group B showed 
that mild anemia is associated with chronic generalized periodon-
titis, which tends to improve after provision of periodontal therapy. 
Minimal changes in MCV, MCH and MCHC indicated that the lower 
values are not due to any vitamin and mineral deficiencies, but sec-
ondary to the chronic inflammatory changes associated with chronic 
periodontal disease.

Keywords: Chronic periodontal disease, periodontitis, anemia, 
erythrocyte count, hemoglobin, hematocrit, inflammation, cytok-
ines

This study supports the NDHRA priority area, Health Services Re-
search: Evaluate strategies that position and gain recognition of 
dental hygienists as a primary care providers in the health care 
delivery system.

Research



196	 The Journal of Dental Hygiene	 Vol. 86 • No. 3 • Summer 2012

Mechanical debridement has been the corner-
stone for professional plaque control and preven-
tion of periodontal disease for centuries.17 It aims 
not only to preserve periodontal tissues, but also to 
limit the oral source of inflammation contributing to 
overall systemic well–being.

Periodontal medicine defines a rapidly emerging 
branch of periodontology focusing on establishing a 
strong inter–relationship between periodontal dis-
ease and systemic health and offering new insights 
of the oral cavity as one system interconnected with 
the whole human body.18 Most of the studies under-
taken in the past to clarify the association between 
periodontal diseases and the lowered hematological 
parameters were either cross–sectional or longitu-
dinal, and described only the co–existence of the 2. 
Thus, the present interventional trial was carried out 
to discover if the improvement in periodontal status 
after periodontal therapy could result in any altera-
tion of the lowered hematological parameters.

Methods and Materials
Subject Selection

The study was carried out as a parallel, 2 group 
clinical interventional trial. The study design was 
approved by the Medical Ethical Committee of Na-
tional Dental College & Hospital, Derabassi.

The study population consisted of 40 systemi-
cally healthy non–smoker male subjects suffering 
with chronic periodontal disease in the age group 
25 to 50 years visiting the Department of Perio-
dontology and Oral Implantology, National Dental 
College and Hospital, Derabassi (Punjab). The cri-
teria for inclusion were:

Suffering with generalized chronic periodontal 1.	
disease
No history of antibiotic intake for the last 3 2.	
months prior and during the course of the 
study
No history of blood loss in the recent past. 3.	
No history of any minor or major trauma, any 
oral or general surgical procedure, which could 
have resulted in blood loss
No history of any periodontal treatment at 4.	
least 6 months before the commencement of 
the study
No history of blood transfusion and/or dona-5.	
tion 3 months prior and during the course of 
the study
Patients showing cooperation for the treat-6.	
ment

The study subjects were categorized into 2 
groups of 20 patients each. Group A (Chronic 

Generalized Gingivitis, n=20) was described as 
showing clinical signs of gingivitis. Changes in col-
or, contour, consistency, texture and bleeding on 
probing and probing pocket depth ≤3 mm. Group 
B (Chronic Generalized Periodontitis, n=20) was 
described as having probing pocket depth ≥5 mm 
and clinical attachment loss ≥3 mm. The selected 
subjects were verbally informed about the study 
protocol and asked for their voluntary participa-
tion.

Study Method

The gingival and periodontal status was evalu-
ated for each patient using the following clinical 
parameters:

Gingival Index – Loe and Silness,•	 19 1963 
Probing Pocket Depth – William’s Periodontal •	
Probe (Hu Friedy, Chicago, Ill.)
Relative Attachment Level (only for Group B) – •	
CPITN probe with customized acrylic stent (Hu 
Friedy, Chicago, Ill.)

Collection of Blood Sample

After recording the clinical parameters, 5 ml of 
venous blood was drawn under aseptic conditions, 
from the ante cubital fossa. The drawn blood was 
transferred immediately to EDTA containing vacu-
tainers to be transported to the medical laborato-
ry. The estimation of the following hematological 
parameters was done using fully automated cell 
analyzer–Sysmex K21 analyzer:

Total erythrocyte count (EC)•	
Hemoglobin level (Hb)•	
Hematocrit (HCT)•	
Mean Corpuscular Volume (MCV)•	
Mean Corpuscular Hemoglobin (MCH)•	
Mean Corpuscular Hemoglobin Concentration •	
(MCHC)

Thorough full mouth scaling and root planing 
was performed for all the patients using hand and 
ultrasonic instruments.

The patients were given oral hygiene instruc-
tions and instructed to brush twice daily and use 
mouth rinse with 0.12% Chlorhexidine digluconate 
twice daily for plaque control. The patients were 
advised not to take any iron or vitamin supple-
ments, and were asked not to make any modifica-
tions in their diet during the course of study. The 
patients were recalled after 3 weeks and 3 months 
for reevaluation of all the clinical and hematologi-
cal parameters. Oral hygiene instructions were re-
inforced at each follow up visit.
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Statistical Evaluation

The data obtained was compiled and analyzed 
using SPSS Inc., version 15.0 for Windows. Mean 
and standard deviation for all parameters were cal-
culated. The statistical significance of differences 
in independent variables for the intra–group mea-
surements were analyzed by using student t–test (2 
tailed, paired) and for inter–group measurements 
over time were tested according to student t–test 
(2 tailed, independent). The data was found to be 
normally distributed as analyzed with one sample 
Kolmogorov–Smirnov test and hence paired t–test 
was applied. A 2 tailed probability value (p–value) 
<0.05 was considered as statistically significant and 
p–value≤0.01 considered as highly significant. A p–
value>0.05 was considered as non–significant

The study population consisted of 20 males with a 
mean age of 27.6 years (age range: 25 years to 43 
years) for Group A, and  a mean age of 36.5 years 
(age range: 28 years to 50 years) for Group B. In 
Group A, all the 20 patients completed the follow up 
at 3 weeks and 3 months. In Group B, 17 patients 
completed the study, however, 3 patients did not re-
turn at the 3 month follow up due to unknown rea-
sons. Data from these patients was excluded.

Baseline data of the total study population has 
been summarized in Table I. Data analysis revealed 
that the values of clinical parameters viz. GI and 
PPD were higher in Group B in comparison to Group 
A. In Group A, at baseline, 35% and 25% of subjects 
were below laboratory reference range (Figure 1) 
for erythrocyte count and hematocrit, respectively, 
whereas in Group B 75% of subjects were below ref-
erence range for erythrocyte count and hemoglobin, 
and 55% for hematocrit (Table II and III). The val-
ues of red cell indices viz. MCV, MCH and MCHC were 
comparable in both the groups and were within the 
normal reference range.

Analysis Of Clinical Parameters

The clinical and hematological parameters at 3 
weeks and 3 months of observation for Group A and 
Group B have been summarized in Table I.

Gingival Index (GI)

In Group A, the mean reduction in GI from base-
line to 3 months was 0.24±0.29, which was statisti-
cally significant. In Group B, a statistical significant 
reduction of 0.32±0.18 in GI was observed from 
baseline to 3 months. When Group A and Group B 
were compared for change in GI at different periods 
of observation, a statistically non–significant differ-

Results

Clinical Parameters Group A Group B

Gingival Index

GI1 1.64±0.23 2.30±0.24

GI2 1.40±0.24 2.04±0.27

GI3 1.40±0.35 1.99±0.32

Probing Pocket Depth (in mm)

PPD1 2.36±0.29 4.94±0.39

PPD2 2.11±0.27 4.64±0.29

PPD3 2.10±0.30 4.48±0.32

Relative Attachment Level (in mm)

RAL1

–

9.07±0.76

RAL2 8.60±0.44

RAL3 7.88±0.78

Hematological 
Parameters Group A Group B

Erythrocyte Count (X 106/μL)

EC1 4.60±0.42 4.06±0.61

EC2 4.61±0.34 4.15±0.55

EC3 4.70±0.40 4.28±0.46

Hemoglobin (g/dl)

Hb1 14.29±0.65 12.77±2.02

Hb2 14.43±0.65 12.87±1.93

Hb3 14.60±0.81 13.08±1.95

Hematocrit (%)

HCT1 42.72±3.29 39.34±5.10

HCT2 42.58±3.19 39.73±5.00

HCT3 43.23±3.14 39.75±4.89

Mean Corpuscular Volume (fl)

MCV1 92.99±7.37 93.83±6.55

MCV2 92.57±6.25 93.77±6.67

MCV3 92.46±7.14 92.75±8.02

Mean Corpuscular Hemoglobin (pg)

MCH1 31.38±2.22 30.93±3.46

MCH2 31.51±1.68 31.09±3.20

MCH3 31.21±1.79 30.82±3.65

Mean Corpuscular Hemoglobin Concentration (g/dl)

MCHC1 33.42±1.47 32.66±1.96

MCHC2 33.88±2.72 32.31±2.60

MCHC3 33.74±2.58 33.40±2.06

Table I: Showing mean values of clinical 
parameters and hematological values at baseline, 
21 days and 3 months in Group A and Group B

ence was observed between the 2 groups.

Probing Pocket Depth (PPD)
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COMPONENT REFERENCE VALUES (in 
conventional units)

Erythrocyte count 4.5–6.5 X 106/μL

Hemoglobin 11.5–16.5 g/dl

Hematocrit 40–54%

MCV 77–93fl

MCH 27–32 pg

MCHC 30–35 g/dl

Re–printed with permission from: Textbook of Pathology 
by: Mohan H

Figure 1: Normal hematological values (for 
adult males)

Group A Baseline 3 months

Normal Abnormal % below
reference Normal Abnormal % below 

reference

Erythrocyte count 13 7 35% 15 5 25%

Hemoglobin 20 – – 20 – –

Hematocrit 15 5 25% 17 3 15%

Table II: Table showing descriptive analysis showing distribution of 
hematological parameters based upon laboratory reference range for Group A

Group B Baseline 3 months

Normal Abnormal  % below 
reference Normal Abnormal % below 

reference

Erythrocyte count 5 15 75% 6 11 65%

Hemoglobin 5 15 75% 14 3 18%

Hematocrit 9 11 55% 9 8 47%

Table III: Table showing descriptive analysis showing distribution of 
hematological parameters based upon laboratory reference range for Group B

In Group A, the mean 
reduction in pocket depth 
from baseline to 3 months 
was observed to be 
0.25±0.27 mm, which was 
statistically significant, 
whereas, in Group B, the 
mean reduction in pocket 
depth from baseline to 3 
months was 0.43±0.22 
mm, which was also sta-
tistically significant. When 
Group A and Group B were 
compared for change in 
pocket depth a significant-
ly greater reduction was 
present in Group A when 
compared to Group B from 
baseline to 3 months.

Relative Attachment 
Level (RAL)

In Group B, a mean gain in RAL from baseline 
to 3 weeks and baseline to 3 months was observed 
at 0.47±0.44 mm and 1.14±0.76 mm, respectively, 
which was statistically significant at both periods of 
observation. 

Analysis of Hematological Parameters

Erythrocyte Count (EC)

In Group A, an increase of 0.09±0.22 X106/μL was 
noted in EC from baseline to 3 months, which was 
not statistically significant. In Group B, the increase 
in EC from baseline to 3 months was observed to be 
0.30±0.39 X106/μL, which was statistically signifi-
cant. When Group A and Group B were compared for 
change in EC, a statistically significant difference in 
improvement was observed for Group B in compari-
son to Group A at 3 weeks to 3 months of observa-
tion.

Hemoglobin (Hb)

In Group A, an increase of 0.31±0.57 gm/dl was 
observed in Hb concentration from baseline to 3 
months, which was statistically significant. In Group 
B, an increase of 0.53+0.69 gm/dl was recorded, 
which was statistically significant. When Group A 
and Group B were compared for change in Hb con-
centration, a statistically significant difference in im-
provement was observed for Group B in comparison 
to Group A during the observation period of 3 weeks 
to 3 months.

Hematocrit (HCT)

In Group A, the mean change in HCT from base-
line to 3 months was observed to be 0.46±1.72, 
which was not statistically significant. In Group 
B, an increase of 0.52±1.01 was observed in HCT 
from baseline to 3 months was statistically signifi-
cant. When Group A and Group B were compared for 
change in HCT at different periods of observation, a 
statistically non–significant change was observed.

Red Cell Indices: Mean Corpuscular Volume 
(MCV), Mean Corpuscular Hemoglobin 
(MCH) and Mean Corpuscular Hemoglobin 
Concentration (MCHC)

In Group B, a statistically significant difference in 
improvement was observed between mean values of 
MCHC at 3 weeks to 3 months interval. However, a 
non–significant change was observed in MCV, MCH 
at different periods of observation. In Group A, a 
statistically non–significant change was observed in 
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Discussion

The mouth is the mirror of health and disease, 
as a sentinel or early warning system, as an as-
sessable model for the study of other tissues or 
organs and as a potential source of pathology af-
fecting other systems and organs. The concept of 
periodontal diseases as localized entities affecting 
only the teeth and supporting apparatus has been 
revised, as it has been seen that rather being con-
fined to the periodontium, periodontal diseases 
have wide ranging systemic effects. Periodontal 
disease has a potential relationship with several 
systemic conditions like cardiovascular diseases, 
diabetes mellitus, adverse pregnancy outcomes, 
obesity and stroke.1–6 One of the lesser–document-
ed associations has been the inter–relationship be-
tween periodontal disease and anemia.

Anemia of chronic disease (ACD) is an immune 
driven process in which cytokines result in de-
creased erythropoietin production, impaired prolif-
eration of erythroid progenitor cells and disturbed 
iron homeostasis.20,21 This normocytic and normo-
chromic anemia has been described in many chron-
ic diseases like rheumatoid arthritis, renal failure, 
bacterial and parasitic infections, and chronic peri-
odontitis, among others.

An interventional study was planned to measure 
the effects of scaling and root planing on EC, Hb 
and HCT in patients with chronic periodontal dis-
ease. This study design was preferred over cross– 
sectional and longitudinal study, as it could clearly 
delineate that resolution of periodontal inflamma-
tion could influence general health by improving 
metabolic control and endothelial function.

The study population consisted of 40 adult males 
of Asian Indian origin and excluded females, to-
bacco smokers and chewers, patients on antibiot-
ics and with recent history of blood loss, as these 
characteristics can act as possible confounding 
factors that could alter the hematological factors. 
Females were excluded as they undergo physio-

logical blood loss and cyclic hormonal imbalance, 
which is responsible for an altered and exaggerat-
ed response to local factors. Gokhale et al reported 
that in India, anemia is more prevalent in females 
due to poor nutrition, increased menstrual losses, 
high incidence of tropical and intestinal infections 
and other miscellaneous factors.13 Erdemir et al 
suggested that smokers with chronic periodontitis 
had lower number of erythrocytes, lower value of 
Hb, HCT and iron as compared to nonsmokers with 
chronic periodontitis.22

Clinical parameters GI, PPD and RAL were includ-
ed in the study for the assessment of the inflam-
matory state of the gingival tissues, the progres-
sion of the periodontal disease and the therapeutic 
effect of the treatment i.e. scaling and root plan-
ing. The hematological parameters total EC, Hb, 
HCT, MCV, MCH and MCHC were selected for evalu-
ation, as these are indicative of the anemic state of 
the patient and also the type of anemia based on 
morphology of the cell.9,15

The baseline analysis of the hematological pa-
rameters of the total study population revealed 
that in Group A, 35% and 25% of the subjects had 
values of EC and HCT below the normal laboratory 
reference range, while the values of all other he-
matological parameters were within normal labo-
ratory reference range (Figure 1). In Group B, the 
values of EC, Hb and HCT were below the labo-
ratory reference range in 75% and 55% of sub-
jects, respectively, and were lower as compared to 
Group A, whereas the values of the red cell indices 
viz. MCV, MCH and MCHC were within the normal 
reference range. These findings were similar to as 
reported by Erdemir who stated some differences 
between the “healthy” and “periodontitis” groups 
in the erythrocytes, Hb, and hematocrit values 
in the peripheral blood, though they were within 
the reference range for a given parameter in the 
groups.22 Similar findings have been reported by 
Hutter et al,15 Yamamotu et al,20 Gokhale et al,13 
Lainson et al,16 Thomas12 and Loos.23 However, 
Salvi24 and Zeibolz25 observed a lack of correlation 
between anemia and periodontitis.

The subgingival organisms and their products 
have the potential to enter the blood stream and 
affect distant sites through the ulceration in the 
pocket epithelium, and thus evoke low grade sys-
temic inflammation.9,15,20 Pro–inflammatory cytok-
ines such as TNF–α, IL–1β, INF–γ and PGE2 are 
found in high concentrations in inflamed periodon-
tal tissues, and have been related to the suppres-
sion of erythropoeisis.20,22,25–31 Johnson et al ex-
posed mice to a single intravenous dose of TNF–α, 
which resulted in suppression of spleen and mar-

MCV, MCH and MCHC at different periods of observa-
tion.

A significant difference in improvement was ob-
served with respect to MCHC in Group B when com-
pared to Group A between 3 weeks and 3 months of 
observation.

The results of descriptive analysis showing dis-
tribution of hematological parameters based upon 
laboratory reference range for Groups A and B have 
been tabulated in Table II and III, respectively.
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row erythroid colony forming units (CFU–E).26 Also, 
Faquin et al   reported that IL–1 (α or β), TNF–α 
and TGF–β inhibited production of erythropoeitin 
hormone which is responsible for the regulation 
of erythropoeisis.26 Also, periodontal inflammation 
often results in bleeding from gingiva. Therefore, 
direct loss of blood might also be responsible for 
the reduction in number of erythrocytes, but this 
has not been substantiated with evidence. These 
are a few plausible mechanisms explaining for de-
creased values of hematological parameters in pa-
tients with periodontitis.13,20,26

A significant improvement in the clinical param-
eters was evident by reduction in the scores of GI, 
decrease in the PPD in both groups and gain of 
attachment in the chronic generalized periodonti-
tis patients at the 3 month follow up after phase 
I therapy from the baseline. This could be attrib-
uted to effective mechanical debridement, which 
was aimed at reduction in the bacterial load, as a 
result of which the local inflammation decreased 
significantly.

After 3 months of the periodontal therapy, there 
was a reduction in percentage of subjects who 
were below reference range of normal hematologi-
cal values. In Group A, 25% and 15% of subjects 
were below reference range for EC and HCT, re-
spectively, whereas in Group B, EC, Hb and HCT 
were below the reference range in 65%, 18% and 
47% of subjects, respectively. A statistically sig-
nificant improvement of 0.31 million/mm3 was 
noted in the patients with chronic generalized peri-
odontitis with respect to the EC at the end of the 
3 month follow up after the phase I therapy. The 
results are in accordance with the results of previ-
ous studies carried out by Rai32 and Aggarwal et 
al,9 who showed a significant improvement of 0.1 
and 0.22 million/mm3, respectively, in EC after the 
periodontal therapy.

Both groups showed a statistically significant 
improvement in the Hb concentration at the end 
of the 3 month follow up after phase I therapy. 
This rise suggested that the anemia present was 
secondary to periodontal disease as it improved 
subsequent to periodontal therapy. The results of 
the present investigation are favorably comparable 
to the study carried out by Rai et al, who found a 
statistically significant increase in the mean hemo-
globin level of 14.5 mg/dl at baseline to 15 mg/dl 
at 10 weeks after scaling and root planing.32 The 
findings are also in agreement with the study by 
Aggrawal, which showed a mean increase in mean 
Hb value by 0.95g/dl at the end of a 1 year follow 
up.9 The variation in the results could possibly be 
attributed to the longer period of study, where fol-

low up continued for a period of 1 year and surgi-
cal treatment was carried out wherever necessary. 
However, studies by Wakai et al33 and Havemose–
poulsen et al34 failed to show any association be-
tween Hb levels and periodontal status.

A statistically significant improvement was ob-
served in the HCT of patients with chronic general-
ized periodontitis at the end of the 3 month follow 
up after phase I therapy with respect to baseline. 
A similar trend for improvement of HCT was ob-
served in chronic generalized gingivitis patients as 
well, but the difference observed was statistically 
non–significant with respect to baseline.

A significant improvement was seen in mean cor-
puscular Hb concentration in patients with chronic 
generalized periodontitis at the end of 3 months 
after the periodontal therapy. Mean corpuscular 
volume and mean corpuscular Hb followed a statis-
tically non significant rise after the periodontal ther-
apy in both groups. The small increment of change 
in mean corpuscular Hb and mean corpuscular Hb 
concentration values compared to increase in Hb 
levels implied that anemia associated with perio-
dontitis is of normochromic type.2,30,32 MCV levels 
are the main determinants of certain types of ane-
mia. A depressed level of MCV (microcytosis) re-
lates anemia to iron deficiency and elevated level 
of MCV (macrocytosis) relates anemia to vitamin 
deficiency. In our study, MCV levels were between 
the reference values as mostly seen in ACD and 
called as normocytosis. This indicated that anemia 
due to chronic periodontitis is not due to vitamin or 
mineral deficiencies, but secondary to the inflam-
matory changes present in periodontitis. 

It was observed that the values of EC, Hb and 
HCT in patients with chronic generalized gingivitis 
were higher than the chronic periodontitis patients 
and were within the laboratory reference range. 
Also, the changes observed in this study with re-
spect to EC, Hb and HCT are statistically significant 
in the chronic periodontitis patients as compared to 
chronic gingivitis patients. The difference could be 
attributed to the amount of inflammatory response 
elicited by the periodontitis in comparison to gin-
givitis. It is important to note that the difference 
in the hematological parameters in chronic perio-
dontitis was not as striking as observed in anemia 
due to other inflammatory conditions like rheuma-
toid arthritis, bacterial and parasitic infections and 
multiple myeloma. This could be due to the reason 
that the other diseases are more severe inflam-
matory conditions than periodontitis as observed 
by the more severe immune response evoked by 
them.
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Conclusion
The following conclusions were arrived at from 

this study:

Chronic generalized periodontitis being a more 1.	
chronic and long standing infection resulted in 
greater depression in the values of hematologi-
cal parameters in comparison to chronic gener-
alized gingivitis. 
A highly significant improvement was observed 2.	
with respect to Hb concentration, EC and HCT 
in the patients with chronic generalized perio-
dontitis at the end of the 3 month follow up 
after phase I therapy with respect to baseline. 
The improvement observed in the patients with 
chronic periodontitis was significantly greater 
than chronic generalized gingivitis patients.
Non significant changes in the values of MCV, 3.	
MCH and MCHC indicated that the decreased red 
cell counts are not due to any vitamin or mineral 
deficiency, but secondary to the inflammatory 
changes induced by periodontal diseases.

Within the limitations of the present study, it can 
be stated that chronic periodontal diseases lead to 
alteration in the hematological parameters EC, Hb 
and HCT, which showed an improvement after the 
provision of periodontal therapy. The present in-
terventional study has paved the path for future 
studies, with a larger study population for a longer 
period of time to further validate the association 
between periodontal disease and anemia.

The emerging field of periodontal medicine of-
fers new insights into the concept of the oral cavity 
as 1 system interconnected with the whole human 
body.32 If this notion is believed to be accurate, we 
need to assume a larger responsibility apart from 
diagnosing and treating the periodontal infections, 
and also educate the public about the importance of 
oral health in the overall systemic well being. With 
the resurgence of emphasis on significance of oral 
disease related to systemic health, the medical pro-
fessionals also need to familiarize themselves with 
the oral cavity and the oral–systemic relationships 
to treat or reduce the morbidity of the underlying 
medical condition. Oral health care professionals 
must reach out to the medical community and the 
general public to improve patient care through edu-
cation and communication about the perio–systemic 
link.
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Introduction
Chronic obstructive pulmonary 

disease (COPD) is the fourth leading 
cause of death in the world, and the 
World Health Organization predicts it 
will become third by 2030.1 In 2007, 
the prevalence of COPD worldwide 
was reported to be 10.1%.2 There are 
2 main forms of COPD: chronic bron-
chitis and emphysema.3 Researchers 
have identified a possible relation-
ship between periodontal disease and 
COPD. Studies have suggested:

People with poor periodontal 1.	
health are at increased risk for 
COPD4–7

Those with more advanced perio-2.	
dontitis have more severe COPD7–

9

Individuals with COPD have great-3.	
er alveolar bone loss and clinical 
attachment loss (CAL) than those 
without COPD4,9,10

Smoking may be a cofactor in the 
association between COPD and peri-
odontal disease because it plays a 
significant role in the etiology of both 
diseases.11 While an association be-
tween these 2 chronic diseases has 
been identified, a causal association 
has not been proven.12,13

In a systematic review published 
in 2007, Azarpazhooh et al report-
ed that evidence existed to support 
an association between pneumonia 
(acute respiratory infection in the 
lung) and oral health.13 However, 
little evidence existed supporting a 
weak association between COPD and 
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Abstract
Purpose: To assess if patients with chronic obstructive pulmonary 
disease (COPD) receiving periodontal debridement for treatment 
of chronic periodontitis with ultrasonic or hand instrumentation ex-
perienced changes in quality of life or incidents of illness following 
treatment or no treatment.

Methods: The study design was a 3 group, randomized, controlled 
pre– and post–test experimental pilot study. Volunteers with COPD 
and chronic periodontitis (n=30) were recruited from physician of-
fices or fliers and randomly assigned to 1 of 3 groups. Of those, 2 
groups had periodontal debridement using either magnetostrictive 
ultrasonic instrumentation (n=10) or hand instrumentation (n=10). 
A control group (n=10) received no treatment. Primary outcomes, 
quality of life and illness were measured by the St. George’s Re-
spiratory Questionnaire (SGRQ–A) and Illness Questionnaire, re-
spectively. Subjects completed the questionnaires as pre–tests at 
baseline and as post–tests 4 weeks post–treatment/no treatment. 
Repeated measures ANOVA was used to compare groups on con-
tinuous variables (p≤0.05) measured by SGRQ–A total scores and 
symptoms, activities and impacts subscales. Percentages, frequen-
cies and cross tabulations were calculated for categorical data.

Results: SGRQ–A and Illness Questionnaire scores showed no sig-
nificant differences between groups in quality of life or illness fol-
lowing periodontal debridement. Total SGRQ–A scores decreased 
slightly for all groups with no significant difference among groups 
(p=0.138) and no interaction (p=0.794). Cross tabulations showed 
no relationship between indicators of self–reported illness before 
and after treatment/no treatment. No adverse events were report-
ed.

Conclusion: Based on this small–scale study, it seems periodontal 
debridement for chronic periodontitis has no effect on quality of life 
and illness in patients with COPD, and it may be performed with 
ultrasonic or hand instruments without adverse events.

Keywords: Pulmonary disease, chronic obstructive (COPD), 
chronic periodontitis, quality of life, periodontal debridement, non-
surgical, scaling and root planing, randomized controlled trial

This study supports the NDHRA priority area, Clinical Dental Hy-
giene Care: Assess the use of evidence–based treatment recom-
mendations in dental hygiene practice.
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oral health with an odds ratio of less than 2.13 Stud-
ies published since the review by Azarpazhooh et 
al indicate an association between poor periodontal 
health and respiratory disease. These findings sup-
port a trend toward a fair association between COPD 
and periodontal health.4,7,9,10 One type of pneumonia 
studied is hospital–acquired, or nosocomial, pneu-
monia. Studies have concluded that inadequate oral 
hygiene resulting in accumulation of dental plaque 
biofilms may promote oropharyngeal colonization of 
respiratory pathogens, which increase the risk for 
lower respiratory tract infections, including pneumo-
nia, in hospitalized patients with weakened host re-
sponse.14,15

It is speculated that aspiration of these oropha-
ryngeal secretions, containing respiratory patho-
gens, can result in acute respiratory infection known 
as aspiration pneumonia.3 Additionally, studies have 
reported that microorganisms associated with den-
ture plaque or periodontal disease may give rise to 
aspiration pneumonia in susceptible individuals, and 
prevalence of anaerobic bacteria in the oral cavity 
may increase the incidence and prognosis of aspi-
ration pneumonia.16–18 A longitudinal study of el-
ders over age 80 found the adjusted mortality from 
pneumonia was 3.9 times higher in persons with 10 
or more teeth with probing depths greater than 4 
mm.18 Other studies have shown professional oral 
health care (i.e., chemical and/or mechanical plaque 
control) reduced the prevalence of acute respirato-
ry infections.19,20 Population samples in these stud-
ies included only high–risk individuals in hospitals 
or long–term care facilities. A systematic review 
designed to assess the preventive effect of oral hy-
giene on pneumonia and respiratory tract infection 
indicated mechanical oral hygiene has a preventive 
effect on mortality from pneumonia and non–fatal 
pneumonia in hospitalized elderly or those living in 
nursing homes, reducing death from pneumonia by 
approximately 1 in 10 cases.21

In their systematic review, Azarpahzooh et al 
concluded there is good evidence that oral pharyn-
geal decontamination with antimicrobials reduces 
the incidence of pneumonia, and also concluded 
that frequent professional oral health care slows the 
progression or decreases occurrence of respiratory 
diseases in high risk elderly adults in hospitals and 
nursing homes.13 Results from 2 randomized clinical 
trials revealed weekly oral hygiene care provided by 
dental hygiene professionals (scaling and mechani-
cal plaque control), with and without tooth brushing 
after every meal with 1% povidone iodine, reduced 
frequency of pneumonia, respiratory tract infections 
and fatal pneumonia in dependent elders.22,23 Stud-
ies utilizing data from National Health and Examina-
tion Surveys I and III, controlled for possible con-

founders, documented an association between oral 
hygiene and chronic respiratory disease.6,24 Findings 
from a multicenter, case–control study of ambula-
tory patients with COPD concluded that promoting 
oral health knowledge and regular dental visits/su-
pragingival scaling should be integrated components 
of strategies for prevention and treatment of COPD.4 
A recent study found that periodontal parameters 
(missing teeth and plaque scores) were significant-
ly associated with lower quality of life in COPD pa-
tients, as measured by the St. George’s Respiratory 
Questionnaire (SGRQ).25 These results and findings 
of studies regarding aspiration pneumonia support 
the importance of oral hygiene for people with histo-
ries of acute and chronic respiratory diseases.

Mechanical debridement by ultrasonic or hand in-
struments has been shown to be equally effective in 
improving clinical parameters in periodontal thera-
py.26–28 Ultrasonic devices create significant aerosols 
contaminated with oral bacteria.29–31 A longitudinal 
study of U.S. veterans identified an association be-
tween number of functional dental units present, 
presence of Staphylococcus aureus, Streptococcus 
sobrinus and Porphyromonas gingivalis, and aspira-
tion pneumonia in dentate patients with a history 
of lower respiratory tract infections.17 Porphyromo-
nas gingivalis is a well–known periodontal pathogen. 
There is documented concern in textbooks regarding 
use of ultrasonic instrumentation for patients with 
respiratory disease based on concern about possi-
ble aspiration of pathogenic bacteria during treat-
ment.32–34 Manufacturers (e.g., Cavitron® Jet Plus™, 
Dentsply International, York, PA) recommend physi-
cian consultation regarding disease status prior to 
air polishing for severe respiratory disease. Anecdot-
al evidence suggests dental practitioners routinely 
use ultrasonic devices to treat periodontal disease, 
despite presence of COPD. Little is known about pa-
tient safety and risks, such as post–treatment illness 
or treatment impacts on quality of life, associated 
with potentially aspirated bacteria during hand or ul-
trasonic instrumentation for these patients.

No studies were found in the literature that stud-
ied the effects of periodontal therapy on chronic lung 
diseases in high–risk individuals with periodontal dis-
ease, although these conditions commonly co–exist. 
The purpose of this study was to assess if patients 
with COPD and chronic periodontitis had a change 
in their health–related quality of life or self–report-
ed illness following nonsurgical periodontal therapy 
with ultrasonic or hand instrumentation.

Methods and Materials
The study design was a 3 group, randomized, 

controlled pre– and post–test experimental pilot 
study. Human subject approval was granted from 
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the Idaho State University Human Subjects Com-
mittee institutional review board and the Portneuf 
Medical Center institutional review board. The study 
was conducted in accordance with the Helsinki Dec-
laration of 1975, as revised in 2000. All subjects 
gave informed consent to participate. The principal 
investigator, a licensed dental hygienist, performed 
the oral examination, informed consent process and 
treatment procedures.

Study Population

A convenience sample of 30 subjects was re-
cruited from physician offices or by distributed fliers 
between January 2009 and February 2010. Recruit-
ment included a diagnosis of COPD from medical 
databases. These patients were contacted by their 
medical provider via telephone calls or letters, de-
pending on the preference of each participating 
physician office, to determine interest in the study 
and relay study contact information to interested in-
dividuals. In addition, fliers were posted in various 
approved medical and dental facilities. Once con-
tacted, the principal investigator determined initial 
eligibility of sample participants based on predeter-
mined criteria via telephone interview (e.g., pres-
ence of natural teeth, no dental treatment in pre-
ceding 6 months and/or no antibiotics preceding 3 
months). Individuals meeting initial eligibility criteria 
were invited for an oral examination appointment to 
establish continued eligibility for participation.

Potential subjects signed HIPAA acknowledge-
ment and release forms prior to oral examination. 
Assessment included medical history review, vitals 
(blood pressure, pulse, respirations and pulse oxy-
gen saturation), radiographs (bitewings and ante-
rior periapicals), oral cancer screening, dental and 
periodontal charting, plaque index (PI) and mean 
attachment loss (MAL). Inclusion criteria specified: 

Aged 20 years or older, willingness to voluntarily •	
participate and ability to understand American 
English
At least 6 natural teeth•	
Chronic periodontitis, as manifested by ≥1.5 •	
mm MAL

Exclusion criteria specified:

Significant oral infection (e.g., rampant caries or •	
abscesses)
Antibiotic usage in the preceding 3 months•	
Dental treatment in the preceding 6 months•	
Institutionalized individuals (e.g., hospitalized, •	
nursing home, assisted living or home bound)
Pregnancy•	
Current cancer or cancer treatment•	

Conditions requiring antibiotic prophylaxis prior •	
to dental treatment

Periodontal Parameters

The PI was assessed utilizing Silness et al’s cri-
teria.37 Comprehensive periodontal examination in-
cluded probe depths and recession using a UNC–12 
periodontal probe (Hu–Friedy®, Chicago, IL) at 6 
sites on each tooth (partially–erupted teeth exclud-
ed), furcation and mucogingival involvement, mobil-
ity and bleeding on probing (allowing for a 10 sec-
ond delay). MAL was calculated by summing all CAL 
measurements (probe depth plus recession) and 
dividing by the number of sites recorded.6,36 PI and 
MAL scores were not needed for hypothesis testing 
of quality of life or illness outcomes; they were used 
to determine eligibility and analyzed as possible co-
variates. Intrarater reliability for the principle inves-
tigator/clinician was established for the PI (r=0.95) 
and MAL (r=1.0) utilizing 7 patients presenting with 
CAL. Measurements were recorded 1 week apart.

Questionnaires

All subjects completed a demographic and oral 
habits questionnaire at baseline. Two dependent 
variables were measured using survey instruments 
as pre–test at baseline and post–test 4 weeks after 
treatment in the experimental groups. The control 
group was administered the same pre–test ques-
tionnaires at the oral examination appointment and 
6 weeks following no treatment to compensate for 
the 1 to 2 weeks between treatment sessions of ex-
perimental groups.

The primary outcome measure, quality of life, 
was measured using the SGRQ–A (American Eng-
lish modified version of the SGRQ), a questionnaire 
developed to correlate with medical measurements 
of chronic airflow limitation to determine if patients 
perceive improvements or deterioration in status. 
The SGRQ–A U.S. English version was obtained and 
used with permission from P. W. Jones, PhD, FRCP, 
Professor of Respiratory Medicine, St. George’s 
Medical School, University of London. It is an estab-
lished valid and reliable tool designed to measure 
impaired health and quality of life in chronic air-
way disease.37–44 The SGRQ–A includes 76 weighted 
items scored 0 to 100 with 3 subscales: symptoms 
of respiratory problems (frequency and severity of 
cough, sputum, wheeze), daily activities (limited 
by breathlessness or troubled breathing) and im-
pacts (influence of breathing problems on social or 
psychological functioning). A decrease of 4 units or 
greater in the SGRQ–A total score indicates a clini-
cally significant improvement in HRQL.39 A change 
of 4 units (or points) in the mean total score of the 
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SGRQ–A indicates a clinically significant change in 
disease status should be observed. This guideline is 
only applicable to the total score, not the individual 
subscales. An additional question at the beginning 
of the SGRQ–A (scored separately and not consid-
ered part of the SGRQ–A) ranks self–assessment of 
overall health status on a 5 point Likert scale from 
very poor to very good.

A study published in 2011 utilized SGRQ to assess 
and correlate quality of life in COPD patients with 
periodontal parameters.25 Findings indicated num-
ber of missing teeth and PI were significantly asso-
ciated to the scores of quality of life, but periodontal 
treatment was not provided. To the authors’ knowl-
edge, this is the first study to use of the SGRQ–A as 
an instrument to measure quality of life in relation-
ship to dental treatment.

The second dependent variable (self–reported 
incidents of illness) was measured by the Illness 
Questionnaire, developed by the principal investi-
gator. The Illness Questionnaire had 7 yes/no re-
sponse questions regarding illness in the 4 immedi-
ately preceding weeks (respiratory or other), doctor 
visits, antibiotic usage, usage of respiratory medica-
tion and past dental experiences. Face validity was 
determined by a panel of 3 physicians with exper-
tise in research methods and treatment of COPD 
patients.

Randomization and Blinding in Research Design

Eligible subjects were randomly assigned by 
a research assistant to 1 of 3 groups (ultrasonic, 
hand instruments or control) using a table of ran-
dom numbers from a random number generating 
website (Research Randomizer®, Social Psychology 
Network) until each group had 10 subjects. When 
a group reached 10 participants, that group was 
skipped on the random number table until another 
group was selected. The principal investigator, as 
treatment provider, could not be blinded to group al-
location. However, to ensure the treatment provider 
was blinded to outcome measures (i.e., answers to 
questionnaires) a research assistant assigned each 
participant a confidential code for the questionnaires 
and administered in a private location.

Treatment Protocol

Subjects in the treatment groups were scheduled 
for 2 independent periodontal debridement ses-
sions in which half–mouth was treated at each ap-
pointment. Local anesthetic was used as needed for 
pain control and recorded. Both treatment appoint-
ments were completed for each subject within a 1 
to 2 week time period. Length of appointment was 

determined by completion of instrumentation until 
all clinically–detectable deposits in the designated 
half mouth were removed and varied depending on 
number of teeth, pocketing and amount of deposits. 
Treatment for the ultrasonic instrumentation group 
was performed with a magnetostrictive ultrasonic 
unit (Cavitron® Jet Plus™, Dentsply International, 
York, PA) using standard thin tips (30K™ Slim Line 
Inserts, Dentsply International, York, PA). Treat-
ment for the hand instrumentation group was per-
formed with curettes (Gracey 1/2, 11/14 and 12/13 
curets, Hu–Friedy®, Chicago, IL).

To decrease exposure to other aerosols, treat-
ment was provided on a day when the clinic was not 
being used for other patient care, and there were 
30 minutes between treatment sessions. Infection 
control procedures recommended by the CDC were 
followed.31 Water, ventilation and sterilization sys-
tems at the clinic met standards recommended by 
the CDC. The ultrasonic was connected to a closed 
water system with distilled water treated with wa-
terline maintenance tablets (BluTab™, ConFirm 
Monitoring Systems, Inc., Englewood, CO). Conven-
tional dental suction was used for evacuation. All 
subjects pre–rinsed for 30 seconds with 15 ml of 
0.12% chlorhexidine gluconate (Peridex®, 3M ESPE, 
St. Paul, MN) prior to treatment.

Data Management and Statistical Analyses

A power analysis was undertaken to determine 
sample sizes needed to detect differences between 
groups based on the SGRQ–A data using the sta-
tistical software PASS.45 A power of 80% was used 
to detect a large effect size (Cohen’s d=0.80) as 
defined by Cohen.46 A large effect size was chosen 
due to anticipated subject recruitment challenges, 
due to exclusion criteria precluding participation by 
individuals who were edentulous, taking antibiotics 
or requiring antibiotic prophylaxis for periodontal 
treatment.

Data were entered into spreadsheets format-
ted for SGRQ–A or a statistical software package 
(SPSS, Version 17.0), proofed for data–entry errors 
and analyzed in consultation with a statistician. De-
scriptive statistics were calculated for demographic 
data. Percentages and frequencies were calculated 
for categorical data, and means and standard devia-
tions were calculated for continuous data. Statisti-
cal tests appropriate to the measurement level of 
the data were performed to assess additional hy-
pothesized relationships. In order to compare the 
3 groups on continuous variables, repeated mea-
sures of ANOVA were performed. When statistical 
significance was detected between groups, post hoc 
tests (Tukey HSD) were run. To assess the relation-
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Results

Thirty subjects were enrolled in the study; 20 
received periodontal debridement with ultrason-
ic instrumentation (n=10) or hand instrumenta-
tion (n=10), and the control group (n=10) had no 
treatment during the study (treatment was offered 
following study completion). A total of 462 patients 
with COPD were informed of the study by their 
medical care provider via mail (n=246) in one prac-
tice or telephone (n=216) in the remaining offices. 
Subject recruitment presented difficulty, as many 
potential subjects with COPD did not respond to 
the letter from their provider informing them of the 
study (n=235). Others did not meet inclusion cri-
teria for the study or were not interested (n=215). 
Thirty subjects were recruited: 11 by mail, 7 by 
phone and 12 from fliers.

Subject characteristics are depicted in Table I. 
Most subject characteristics were ordinal data, with 
aggregate results reported as frequencies and/
or percentages (n/%). There were no significant 
differences between groups with regards to age, 
education, race, smoking status, steroid use, oral 
habits or PI. Age, PI and MAL data met tests of 
normality (Kolmogorov–Smirnov test), therefore, 
ANOVAs were calculated. Means and standard de-
viations were reported. 

Mean age of all subjects was 64 years with no 
differences between groups (p=0.257). The sam-
ple had unequal distribution of sex in the 3 groups, 
however, sample size was too small to determine 
if differences were statistically significant. The ma-
jority of the sample consisted of current and for-
mer smokers (26/30, 86.7%). Extent of plaque 
biofilm, as measured by the PI, did not differ sig-
nificantly between groups (total mean PI 1.9±0.49, 
p=0.672). The mean MAL was 3.9 mm±0.95. A 
significant difference between groups was found in 

MAL (p=0.001). Post hoc Tukey HSD test found the 
ultrasonic group had significantly more MAL than 
the hand instrument group (4.63±0.88, 3.20±0.45, 
respectively). However, the control group MAL 
(3.86±0.88) did not differ significantly from either 
the ultrasonic or hand instrument groups. There 
were no notable differences between groups with 
regards to oral habits (e.g., type and frequency of 
toothbrush, toothpaste, interdental aid and antimi-
crobial or fluoride mouth rinse).

Local anesthesia was used for 4 ultrasonic and 
3 hand instrument subjects. Total instrumenta-
tion time varied between 40 and 215 minutes 
(101±50.65 min) but did not vary significantly be-
tween the 2 treatment groups as determined by the 
Mann–Whitney test (p=0.123). This nonparametric 
test was used because the data violated normality 
based on one outlier in the ultrasonic group (e.g., 
215 minutes) as determined by the standardized 
residual for total treatment time.

SGRQ–A total scores, overall self–assessment of 
health scores and Illness Questionnaire responses 
showed no significant differences between groups 
with no significant improvements from pre– to 
post–test for all groups. All SGRQ–A statistics met 
the assumption of normality (Kolmogorov–Smirnov 
test). Therefore, ANOVA repeated measures were 
used to analyze data. Mean scores are displayed in 
Figure 2. There were no differences between groups 
on total SGRQ–A scores at pre–test (p=0.422). 
The total SGRQ–A scores decreased (i.e., improved 
quality of life) slightly for all 3 groups, although not 
significantly (p=0.138) and between group inter-
actions (p=0.794) were not observed. There were 
no main effects of group (p=0.333). With regards 
to SGRQ–A subscales (Table II), no significant dif-
ferences were detected between groups for symp-
toms (p=0.158), activities (p=0.815) or impacts 
(p=0.286), and no group interactions were ob-
served. The symptoms and impacts scores showed 
no significant difference from pre– to post–test for 
all groups combined (p=0.707 and p=0.703, re-
spectively). The activities score decreased signifi-
cantly from pre– to post–test (improved activities) 
for all 3 groups combined (p=0.023). However, no 
interactions between the groups for activities were 
detected (p=0.702).

Overall current health, a secondary outcome 
measure not considered part of the SGRQ–A, was 
measured by a single question at the beginning 
of the SGRQ–A (5 point Likert scale ranked very 
poor to very good). Pre– and post–test results 
were compared separately for each group (Wil-
coxon Signed Ranks test). All groups rated their 
health as slightly improved following treatment/no 

ship between group and categorical variables, chi–
square (x2) tests of independence were performed. 
Due to the small sample size the chi–square test 
was not valid.

The assumptions of normality and homoscedastic-
ity were tested (Kolmogorov–Smirnov test, Levene’s 
test). Nonparametric tests (Wilcoxon Signed Ranks 
test) were used as appropriate when violations of 
the parametric assumptions were found. Repeated 
measures of ANOVA were used for the SGRQ–A total 
and subscale data. For each of the scale measure-
ments means ± standard deviations were reported. 
Cross tabulation was used for Illness Questionnaire, 
demographic and oral habits data and reported as 
frequencies or percentages.
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Variables Total (n=30) UI* (n=10) HI** (n=10) Control (n=10) p–value

Age (years; mean ± SD) 64±7.90 62±7.76 68±7.20 62±8.33 0.257

Gender (male/female; n) 20/10 9/1 5/5 6/4

Race (n)

Non–Hispanic White 25 7 8 10 ––

Non–Hispanic Black 1 0 1 0 ––

Other 4 3 1 0 ––

Education (n)

Less than high school 1 1 0 0 ––

High school 11 3 6 2 ––

Some college 9 4 1 4 ––

College degree 9 2 3 4 ––

PI*** (mean ± SD) 1.90±0.49 1.93±0.45 1.78±0.40 1.96±0.64 0.672

MAL# (mean ± SD) 3.90±0.95 4.63±0.88 3.20±0.45 3.86±0.88 0.001

Smoking status (n)

Never smoked 4 0 1 3 ––

Former smoker 15 6 5 4 ––

Current smoker 11 4 4 3 ––

Current steroid use 
(n=29) (yes; n) 3/29## 2/10 1/10 0/9 0.360

Treatment groups only n=20 n=10 n=10 –– ––

Instrumentation time 
(n=20; mean ± SD) 100.85±50.65 87.20±51.47 114.50±48.50 –– 0.496

Use of local anesthetic 
(yes; n) 7/20 4/10 3/10 –– 0.639

Table I: Subject Characteristics

*UI= ultrasonic instrumentation
**HI= hand instrumentation
***PI= plaque index
#MAL= mean attachment loss
##One person in the control group did not answer the question about current steroid use

treatment, however, changes were not statistically 
significant (Table III). The mean self–assessment 
score in the hand instrumentation group was 3.9 
at pre–test and 4.0 at post–test, with no signifi-
cant difference (p=0.564). For the control group, 
mean self–assessment scores were 3.3 at pre–test 
and 3.6 at post–test, with no significant difference 
(p=0.317). The mean pre–test self–assessment 
score for the ultrasonic instrumentation group was 
3.1 and 3.6 at post–test, approaching statistical 
significance (p=0.059).

Cross–tabulation showed no difference in yes 
responses related to self–reported illness (Illness 
Questionnaire) before and after treatment/no 
treatment (Table IV). Results were reported as yes 
responses indicating some degree of self–report-
ed illness. Items assessing respiratory problems, 

other sickness, doctor visits, antibiotic usage and 
additional respiratory medications 4 weeks prior to 
pre– or post–questionnaires were used to deter-
mine degree of self–reported illness. The hand in-
strumentation group (n=10) had 6 yes responses 
at pre–test with 3 at post–test. The control group 
(n=10) had 7 yes responses at pre–test with 6 at 
post–test. The ultrasonic instrumentation group 
(n=10) had 14 yes responses at pre–test with 5 at 
post–test.

At pre–test, the control group had the only sub-
ject in the study reporting history of respiratory 
problems after dental treatment (n=1). At post–
test, one subject in the hand instrumentation and 
control groups reported having avoided dental care 
due to respiratory disease. No adverse events oc-
curred during the study period.
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Source Total Symptoms Activities Impacts

Group*** 0.333 0.158 0.815 0.286

Pre–post# 0.138 0.707 0.023* 0.703

Pre–post 
Group## 0.794 0.124 0.702 0.926

Table II: SGRQ–A* Total and subscale 
p–values for 3 effects in the ANOVA**

*SGRQ–A = St. George’s Respiratory Questionnaire
**p<0.05 (Repeated measures ANOVA)
***Effect 1: Change in score all groups combined.
#Effect 2: Change in score from pretest to post-test.
##Effect 3: Interactions between groups from pre– to post–test

Pre–test 95% CI** Post–test 95% CI p–value

UI*** 3.1±0.74 2.84 to 4.26 3.6±0.52 3.34 to 4.49 0.059

HI# 3.9±0.32 3.71 to 4.49 4.0±0.47 3.69 to 4.89 0.564

Control 3.3±1.23 2.78 to 5.35 3.6±1.01 3.08 to 5.38 0.317

Table III: Self–assessment of overall current health* (mean±SD)

*p≤0.05 for within group comparison (Wilcoxon signed–rank test)
**CI=confidence interval
***UI=ultrasonic instrumentation
#HI=hand instrumentation

Few studies have evaluated quality of life following 
periodontal therapy utilizing otherwise systemically 
healthy individuals,47–49 whereas this study was the 
first to evaluate quality of life changes in patients with 
periodontitis and chronic respiratory disease. Consid-
ering the small sample size, variability in responses 
and careful interpretation of the findings, a few im-
portant conclusions can be drawn.

Subjects had moderate to advanced periodon-
titis, which is consistent with findings from larger 
scale studies involving patients with COPD.4,6,9,11 Age, 
smoking status, PI and MAL measurements agreed 
with previous findings of patients with COPD.4

In this study, quality of life and self–reported ill-
ness were measured by 2 separate survey instru-
ments (SGRQ–A and Illness Questionnaire, respec-
tively). Adverse events were monitored, though none 
occurred. The SGRQ–A is a standardized measure to 
quantify the impact chronic air flow limitation has on 
health, well–being and daily activities, and potentially 
show changes in disease activity.37 Some authors of 
periodontal and dental hygiene texts contraindicate 
use of ultrasonic instrumentation in patients with re-
spiratory disease.32–34 The underlying assumption has 
been aerosols contribute to post–treatment complica-
tions. This study evaluated quality of life and illness 
following periodontal instrumentation with ultrasonic 
and hand instrumentation in ambulatory patients with 

Discussion

COPD and chronic periodontitis and 
found no indication of such problems. 
Improvement in self–assessment of 
their overall health by subjects in the 
ultrasonic instrumentation group ap-
proached significance. Although sev-
eral of these subjects reported illness 
and/or doctor visits prior to treatment, 
very few reported such experiences 
post–treatment. The same pattern 
was seen in the hand instrumentation 
group, although reports of illness and 
doctor visits were fewer at both pre– 
and post–test. The control group indi-
cated fewer doctor visits at the post–
test but showed no improvement in 
reported illness, respiratory or other, 
at the post–test. Based on these re-
sults, albeit a small sample, it appears 
the contraindication for ultrasonic in-
strumentation may be unnecessary in 
patients who are not infirm.

Age, sex, degree of airflow limita-
tion and differences in interpretation 
of quality of life questions all affect 
the SGRQ–A score, producing a high 

degree of variability in mean scores with large stan-
dard deviations.38,39,41,42 Jones interpreted thresholds 
for clinical significance of SGRQ–A in patients with 
COPD.42 He reported that patients differ in their per-
ception of the importance of how chronic lung disease 
affects their daily living. This variability would influ-
ence findings in this study. The small sample size and 
high degree of variation in mean SGRQ–A total scores 
and subscales made it difficult to detect any potential 
differences or interactions between mean scores of 
the 3 groups. SGRQ–A questionnaires are population 
based, so inferences from individual scores should 
not be made.42

A significant improvement in all subjects’ ratings of 
their activities pre– to post–test indicates these pa-
tients had less trouble with daily events (e.g., those 
requiring walking or chores) following treatment. This 
finding most likely is unrelated to the independent 
variable of periodontal instrumentation because no 
differences in ratings of activities were found between 
groups.

The SGRQ–A is well documented as a valid and reli-
able measure of quality of life and changes following a 
variety of therapies for patients with COPD.38–42 It was 
anticipated SGRQ–A scores would be high at baseline 
because of the mean age (64±7.9) and COPD diag-
nosis, as quality of life is affected by age, sex and 
disease status.38 Higher scores occur in older subjects 
and those with COPD. These scores were not signifi-
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Conclusion
In this study, periodontal debridement performed 

using ultrasonic or hand instrumentation had no ef-
fect on quality of life and illness in ambulatory COPD 

Question UI** (pre/post) HI*** (pre/post) Control (pre/
post) Total (pre/post)

1. Respiratory problems last 4 weeks 4/2 0/0 1/2 5/4

2. Other sickness last 4 weeks 3/0 1/0 2/2 6/2

3. Doctor visit last 4 weeks 5/2 3/2 4/1 12/5

4. Antibiotics last 4 weeks 0/0 0/1 0/1 0/2

5. Additional/extra respiratory
medications last 4 weeks 2/1 2/0 0/0 4/1

6. Any past respiratory problems 
after dental care 0/0 0/0 1/1 1/1

7. Ever avoided dental appointment 
because of respiratory disease 0/0 0/1 1/1 1/2

Table IV: Illness Questionnaire (reported yes answer; n*)

*Reported frequencies per group pre/post out of 10)
**UI=ultrasonic instrumentation
***HI=hand instrumentation

cantly higher following treatment in either group of 
treated subjects.

No significant differences between groups in self–
assessment of overall health indicates that the 20 
subjects who received treatment continued to per-
ceive their health as fair and did not perceive any sig-
nificant improvement or deterioration in health status 
following treatment. In fact, the ultrasonic instrumen-
tation group perceived a nearly significant improve-
ment in health (from fair towards good). It appears 
that these subjects’ quality of life was not impacted by 
either form of instrumentation. Illness Questionnaire 
findings indicated fewer subjects in each treatment 
group experienced self–reported illness, respiratory 
problems, other sickness, doctor visits or medication 
usage within 4 weeks following treatment compared 
to 4 weeks prior to treatment. This same reduction in 
post–treatment illness, doctor visits and medication 
use was not observed in the control group.

These findings cannot be generalized to other pa-
tients with COPD and periodontitis because a non–
probability sample was used. Due to the small sample 
in this study, additional research is needed with this 
population to determine if the lack of effect is found 
consistently.

Because no adverse events occurred during the 
study and patients did not perceive a decline in qual-
ity of life, health status or illness following treatment, 
issues related to patient safety were not identified in 
this small–scale clinical trial of patients with COPD.
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Introduction

The high incidence of musculosk-
eletal injuries in dental hygienists 
is a well documented occupational 
concern.1–6 To address this concern, 
the American Dental Hygienists’ As-
sociation’s (ADHA) National Dental 
Hygiene Research Agenda address-
es occupational health and safety 
with emphasis on the impact of ex-
posure to environmental stressors 
on the health of users and methods 
to decrease errors. If learned and 
used, one technology that may re-
duce environmental stressors, im-
prove occupational health of dental 
hygienists, enhance treatment and 
improve ergonomics during patient 
care is magnification loupes.7,8 De-
signed fundamentally to enhance the 
visual acuity of practitioners, magni-
fication is promulgated to promote 
good posture, essentially assisting 
practitioners in staying in a neutral 
body position while providing care, 
resulting in reduced musculoskeletal 
stress.9–11 An ergonomically correct 
neutral body position includes a 
neutral position for the neck, back, 
shoulder, upper arm, forearm and 
hands, which may be achieved when 
properly fitted loupes are worn dur-
ing clinical practice.12,13

Inherent in understanding the use 
of magnification loupes in medicine 
and dentistry is  the premise that 
increased image size will positively 
impact treatment.9,10 In dental hy-
giene, better visual acuity through 
magnification may facilitate im-
proved assessment of the hard and 
soft tissues of the head and neck, 
resulting in improved diagnosis and 

Magnification Loupes in U.S. Entry–
level Dental Hygiene Programs – 
Occupational Health and Safety
Leslie McHaney Congdon, BSDH, MS; Susan Lynn Tolle, 
BSDH, MS; Michele Darby, BSDH, MS

Abstract
Purpose: The purpose of this study was to determine policies and 
practices regarding magnification loupes among faculty and stu-
dents in accredited dental hygiene programs as measured by a 31 
item, self–designed questionnaire. In addition, the study compared 
policies among dental hygiene programs in 2 year versus 4 year 
programs in terms of requirements for the use of magnification 
loupes.

Methods: After institutional review board approval, a 31 item self–
designed questionnaire was emailed via Survey Monkey to 303 en-
try–level dental hygiene programs. An overall response rate of 75% 
was obtained. Data were analyzed using descriptive statistics and 
chi–square test of independence.

Results: Results reveal the vast majority of programs do not require 
loupes for faculty or students, with only 23% of responding schools 
requiring students to purchase loupes and 8% requiring faculty to 
use loupes. More dental hygiene programs require students to wear 
loupes than require faculty to wear loupes. No statistically signifi-
cant differences (p–value=0.54) in program policies were found re-
quiring the purchase of magnifying loupes by students, based on 
2 year and 4 year dental hygiene educational programs. Odds ra-
tio (1.25) give the odds of students purchasing loupes in a 2 year 
program as 25% higher than a 4 year program. Almost two thirds 
of respondents reported loupes instruction as a curriculum compo-
nent, although most respondents spent 2 or less hours teaching in 
this area. Most programs (90%) do not plan to require students to 
purchase loupes in the future, although the majority believes proper 
use of loupes should be integrated in the curriculum.

Conclusion: Most respondents see advantages to loupes, but clini-
cal policies on loupes do not appear to correlate with beliefs. Edu-
cational programs in dental hygiene seem slow to adopt and re-
quire the use of loupes. Current clinical polices on loupes should be 
reviewed to ensure graduates experience the potential ergonomic 
benefits magnification brings to clinical practice during their educa-
tion.

Keywords: magnification loupes, dental hygiene students, dental 
hygiene programs, dental hygiene faculty, dental hygiene programs, 
survey, dental hygiene curriculum

This study supports the NDHRA priority area, Occupational Health 
and Safety: Investigate methods to decrease errors, risks and haz-
ards in health care.

Research
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treatment.11–13 Visual evaluation of radiographs, 
crown margins, existing restorations, periodontal 
probing readings and clinical attachment level as-
sessments, carious lesions and calculus detection 
may be improved with increased image size.11 Bet-
ter visual acuity through magnification may make 
subtle tissue changes more discernible and im-
prove instrument sharpening skills. Therefore, use 
of magnification loupes have the potential to en-
hance client treatment and therapeutic outcomes, 
as well as enhance the musculoskeletal health of 
oral care clinicians. For these reasons, more den-
tists, dental specialists and dental hygienists are 
utilizing loupes in private practices and educational 
settings.14,15

The inclusion of magnification in dental hygiene 
curricula is important since it may enable students 
to better assess clinical details, as well as assess 
overall oral health status of patients. In the long 
term it may better prepare future dental hygien-
ists to meet the increasingly complex oral health 
needs of the public and influence student and fac-
ulty retention via the promotion of musculoskel-
etal health, quality of work and a productive work 
life. However, studies in dental and dental hygiene 
educational programs involving magnification eye 
wear are limited. Those that are available report 
postural benefits but few have been able to docu-
ment improvements in patient care.16–25

 Maillet et al found significant postural benefits 
for dental hygiene students if they became more 
proficient with the use of loupes early in their edu-
cation, and when  they were hand scaling.17 Bran-
son et al18 reported a relationship between dental 
hygienist students’ posture and the use of loupes, 
potentially decreasing musculoskeletal problems 
with similar findings reported by Sunnell et al19 in 
their study of dental hygiene students where par-
ticipants reported decreased neck, shoulder and 
back pain with the use of loupes.

Leknius and Geissberger revealed the use of 
loupes among dental students has been shown to 
reduce clinical errors by 50%,24 although another 
study found no significant differences in the qual-
ity of cavity preparations done by dental students 
using loupes and dental students using safety 
glasses.20,21 Meraner and Nase’s survey of teaching 
faculty members at a school of dentistry revealed 
almost one half of the faculty used loupes.22 Most 
respondents indicated loupes significantly benefit-
ed occupational health and diagnostic abilities of 
the dentist and patient care delivered, and almost 
three fourths indicated that wearing loupes should 
be mandatory for students in the program. Of the 
faculty respondents, 61% reported they always 

discuss the importance of loupes with students.

Thomas et al explored the opinions of practicing 
dental hygienists on loupes and found 85% of those 
surveyed believed loupes were or would be ad-
vantageous while in school, but most respondents 
did not think they should be required.16 The most 
highly reported perceived advantages of loupes in-
clude ergonomics (91.5%), improved probe read-
ings (78.5%), calculus removal (73.3%), caries 
detection (64.6%) and quality of care (65.2%). 
The most highly reported disadvantages included 
adjustment period (46.2%), vision dependency 
(31.2%), infection control (27.3%) and limited 
depth of vision (23.6%).

Research suggests that dental hygiene students 
may benefit from the early use of loupes prior to 
developing bad postural habits.17 Dental hygiene 
programs must teach the most effective techniques 
and interventions and model the highest standards 
of professional practice so that graduates can pro-
vide quality care and have successful professional 
careers. Currently, use of magnification loupes is 
not curricular content required by accreditation 
standards, nor is it reflected in nationally accept-
ed dental hygiene curriculum guidelines as a best 
practice. However, the use of magnification glasses 
continues to increase in dental practice settings 
due to potential ergonomic benefits. The literature 
is void of evidence that demonstrates the degree 
to which dental hygiene schools have embraced 
loupes as an essential part of entry–level educa-
tion and clinical practice. This research helps fill 
this void and may assist faculty with making valid 
and reliable decisions regarding the future direc-
tion of their program’s curriculum loupes policies. 
Consequently, a nationwide survey was needed to 
assess the policies and practices in the U.S. entry–
level dental hygiene programs to determine wheth-
er loupes were utilized in the educational environ-
ment.

The purpose of this study was to determine 
the policies and practices regarding magnification 
loupes among faculty and students in entry–level 
dental hygiene programs accredited by the Com-
mission on Dental Accreditation of the American 
Dental Association, as measured by a self–designed 
questionnaire. In addition, the study compared 
policies among dental hygiene programs in 2 years 
versus 4 years programs in terms of requirements 
for the use of magnification loupes.

Methods and Materials

A 31 item self–designed questionnaire was de-
veloped to determine polices concerning use of 
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A total of 303 surveys were electronically mailed 
(n=251 for 2 year programs, n=52 for 4 year pro-
grams). Of those, 236 were returned for an overall 
response rate of 75% (227). Seventy–three per-
cent of respondents were from 2 year programs 
and 27.9% were from 4 year programs, with a 
breakdown by type of program presented in Table 
I. Most respondents (76.2 %) did not require stu-
dents to purchase loupes. Of the 23.8% who did 
require loupes purchase, 21.3% were from com-
munity colleges, 17.2% from technical/vocation-
al schools, 21.7% were universities with dental 
school and 17.9% were universities without dental 
school (Figure 1). Of the 78% of programs that do 
not require loupes, 35% reported over half of their 
second year students voluntarily use loupes and 
15% reported their whole second year class vol-
untarily uses loupes. Results reveal slightly more 
schools (23.8%) required purchase of loupes than 
mandate their actual use (20.3%). No statistically 
significant differences were found (p=0.54) in den-
tal hygiene educational program policies requiring 
the purchase of magnifying loupes by students, 
based on 2 and 4 year programs. However, odds 

Results

Community
College

Technical/Vocational
School

University Associated
with a Dental School

University not Associated
with a Dental School

0 10 20 30 40 50 60

Percentage

Table I: Total percentage of respondents from all educational settingsmagnifying loupes by 
students and faculty in 
all accredited U.S. en-
try–level dental hygiene 
programs (n=303). The 
survey consisted of 12 
yes/no questions, 6 
multiple choice ques-
tions, 8 questions that 
were open–ended re-
sponse count, 4 Likert–
scale questions and 1 
comment section to 
allow for elaboration. 
Several questions with 
specific answers also 
allowed for explana-
tion. The first section 
requested demographic 
information, such as re-
spondents’ title and af-
filiation. The next seg-
ment solicited programs’ current loupes policy for 
students, the estimated number of students that 
purchased loupes, when students should begin 
to wear loupes and identified all items they be-
lieved to be advantages/disadvantages of loupes. 
The third portion pertained to faculty policies on 
loupes. Finally, participants gave feedback regard-
ing ergonomics of loupes inclusion within curricu-
lum.

Following approval of the university institutional 
review board, the survey was pilot tested on 10 
dental hygiene faculty. Comments and suggestions 
were incorporated into the final survey instrument 
to improve content validity and clarity. A current 
master list of accredited U.S. entry–level dental hy-
giene programs was provided by the ADHA. A cov-
er letter and the self–designed questionnaire Mag-
nifying Loupes in U.S. Entry Level Dental Hygiene 
Programs were distributed to the program direc-
tor of each college/university, using a commercial 
web–based software company (Survey Monkey). 
The cover letter explained the research was sup-
ported by a grant from the ADHA Institute for Oral 
Health, explained the purpose of the study as well 
as the approximate time it would take to complete 
(20 to 30 minutes) and requested the recipient re-
spond to the questionnaire or forward the survey 
to the most qualified faculty member for comple-
tion. The cover letter also explained results would 
be reported in aggregate form only and individual 
responses would be anonymous. One week after 
the initial electronic mailing, a second distribution 
of surveys was launched to non–respondents. A 
third distribution of surveys was launched to non–
respondents 2 weeks later due to the fluctuating 

college winter breaks. The survey was closed 3 
weeks after the third electronic mailing.

Data were collected and tabulated by Survey 
Monkey, and statistical analysis was performed 
using JMP version 8.0.2 software. Quantitative 
analysis of data utilized percentages, frequency 
distribution and Pearson’s Chi–square test. The 
significance level was set at 0.05.
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Community
College

Technical/Vocational
School

University Associated
with a Dental School

University not Associated
with a Dental School

Yes No

0 2010 30 40 50 60 70 80

Percentage

Figure 1: Dental hygiene program policy requiring loupes for students

Cost prohibit mandating •	
Difficulty attaining consensus among faculty•	
Do not require loupes but we recommend them •	
to students
Too much additional information for students •	
Alter natural vision/ dependency•	
Inhibit development of tactile sensitivity•	
Which brand/company to recommend•	
Arbitrator between student and company•	
Implies dental hygienist need loupes to be•	
efficient
Some students cannot adapt •	
Loupes too heavy•	
Not proven to enhance treatment•	

Table II: General Open Ended Comments 
from participants on Loupes usage

ratio (1.25) give the odds of students purchasing 
loupes in a 2 year program as 25% higher than a 
4 year program.

Almost all participants viewed ergonomics as 
an advantage of wearing loupes (93%), followed 
by improved periodontal probe readings (90.3%), 
caries detection (69.6%), restorative evaluation 
(69.6%), decreased musculoskeletal pain (68.3%), 
improved patient care (61.2%), radiographic in-
terpretation (59.5%) and calculus detection. Dis-
advantages identified included: expense (86.7%), 
adjustment time (37.2%), limited depth of field 
(26.1%), infection control (25.7%), uncomfort-
able (17.3%), dependency (16.8%) and headache 
(14.6%). Comments from participants are found 
in Table II.

Just over one third of respondents indicated the 
ideal time students should begin to wear loupes 
was during pre–clinical education, with 1 of 4 re-
spondents indicating the second year was the best 
time to begin to wear loupes. Combining pre–clin-
ical and first year results reveals 63.4% consider 
students’ first year ideal. Chi square results re-
veal a statistically significant difference between 
schools that require loupes and those that do not 
when comparing when students should first begin 
to wear them (p=<0.0001). Of the programs that 
required students to purchase loupes, the major-
ity (64.8 %) indicated pre–clinic is when students 
should begin wearing loupes, with just under 10% 
indicating the senior year (Figure 2).

More than half of faculty respondents indicated 

they always or almost always used loupes in clinic, 
although an overwhelming majority of respondents 
(90%) indicated they did not have program polices 
requiring faculty to purchase and use loupes in the 
clinical setting. However, of the programs that re-
quired students to purchase loupes, results sug-
gest more lenient polices for faculty, as 66% of the 
programs that require student to purchase loupes 
do not require faculty to do so. No statistically 
significant difference (p–value=0.27) were found 
between 2 and 4 year dental hygiene educational 
programs for faculty use of magnifying loupes in 
the clinical setting.

Very few institutions paid for faculty loupes, with 
only 10% paying for full–time faculty and 3.9% 
for part time faculty’s loupes. About 77% of par-
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Discussion

This study examined polices on magnification 
loupes in dental hygiene programs. Results suggest 
schools of dental hygiene have been slow to adopt 
the use of loupes in their curricula. Most schools 
do not require students or faculty to purchase 
loupes. The ergonomic benefits of loupes are well 
supported in the literature and concern is gener-
ated when so few schools are requiring students 
to wear loupes.8–15 While research has document-
ed the ergonomic benefits of loupes, few studies 
have documented improvements in oral diagnosis 
and treatment by the loupes wearer.8–12 Perhaps 
some schools may not have policies that require 
loupes due to the lack of scientific data available 
that demonstrate improvements in patient care as 
a result of magnification. Sunnell and Rucker also 
argue that surgical magnification may not be as 
important for dental hygienists due to their peri-
odontal focus that relies on subgingival instru-
mentation and tactile sensitivity more than visual 
acuity.22 Although this reasoning ignores the issue 
of posture and musculoskeletal malady, it leads to 
another possible explanation for this study’s re-
sults, where over three quarters of the responding 
dental hygiene programs do not require loupes.

403020100

Percentage

Pre–Clinical

First Year
Clinical

Second Year
Clinical

No Opinion

Other

Figure 2: Dental hygiene program perspectives on when 
students should begin to wear loupes

ticipants indicated loupes were 
integral in private practice, while 
23.2% did not see loupes as inte-
gral to practice in the private sec-
tor. Most programs (90%) do not 
plan to require students to pur-
chase loupes in the near future, 
although the majority (73%) be-
lieve proper use of loupes are in-
tegral to the curriculum.

Most participants (62.5%) in-
dicated they had ergonomic in-
struction on magnification loupes 
as a component in the curriculum. 
Of those respondents that cover 
the topic, almost 70% spent 2 or 
less hours on loupes and many 
relied solely on the loupes’ sales 
representative for all loupes in-
struction.

With 76.8 % of respondents in-
dicating loupes are integral to pri-
vate practice, only 62% identified 
ergonomics instruction on mag-
nification loupes as a curriculum 
component. Of those respondents that cover the 
topic, almost 70% spend 2 hours or less on loupes 
training.

Another plausible explanation for a low number 
of schools requiring students and faculty to wear 
loupes is cost. Almost all respondents cited cost 
as the greatest disadvantage of loupes, which was 
also reported by Thomas et al as the greatest dis-
advantage.16 Ranging in price from $400 to $1,200, 
the added expense may appear overwhelming in 
light of numerous instruments, supplies and lab 
fees students must incur when enrolling in a den-
tal hygiene program. The benefits have the poten-
tial to outweigh the cost, when years of improved 
ergonomics may result in fostering a longer and 
more productive career in clinical practice. Sev-
eral respondents’ comments echoed explanations 
as they cited indecision on which company to use, 
arbitration between students and manufacturer, 
difficulty attaining consensus among faculty and 
not mandating use of loupes in the clinical setting, 
claiming treatment benefits are not proven (Table 
II).

Results from this study suggest dental hygiene 
programs require loupes for students more often 
than faculty. This result might be explained by 
some faculty not viewing themselves as direct care 
providers and hence the need for magnification 
eyewear would not be as great as for students. Ad-
ditionally, some faculty may see their role as less 
demanding ergonomically since they often spend 
less time than students actually working in a pa-
tients’ oral cavity.
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Odds ratio reveal a greater probability of 2 year 
programs requiring students and faculty to pur-
chase loupes than 4 year programs. A possible ex-
planation of the student finding could be the lower 
cost of instrument kits and supplies in 2 year pro-
grams, although this data was not obtained An-
other cost factor could be related to tuition, as the 
American Dental Association reports tuition in 2 
year schools as substantially less on average than 
4 year schools housed in universities and dental 
schools.26

Results varied concerning the best time students 
should begin to wear loupes. However, the pro-
grams that required loupes more frequently indi-
cated pre–clinic as the optimum time to start wear-
ing loupes when compared to all respondents. The 
varied findings in this study may be due to those 
programs that require loupes being more familiar 
with how they can assist students at all levels of 
clinical learning since they have more experience 
with them compared to other schools. As suggest-
ed by Maillet et al, an early start with loupes may 
reinforce neutral positioning and enhance posture 
early in the educational process before improper 
habits are learned.17 Students can become com-
fortable with loupes during instrumentation on ty-
podonts prior to treating patients. Some schools 
may also mandate an early integration of loupes in 
pre–clinic since they find it beneficial to have stu-
dents incur this expense at the same time as other 
instrument, lab fees and supply expenses cov-
ered by outside sources, such as student loans or 
grants. Roughly 1 in 4 respondents indicated the 
second year as the optimum time to start wearing 
loupes. Perhaps faculty believe learning pre–clini-
cal skills such as indirect vision, tactile sensitivity 
and other instrumentation basics is best learned 
first with unmagnified vision. The lack of support-
ive research on clinical benefits may be another 
plausible explanation for faculty not requiring use 
of loupes in pre–clinic courses.

 One half of respondents report wearing loupes 
while teaching in the clinic, which is similar to find-
ings from a survey of dental school faculty.19 How-
ever, only 10% of respondents had program polic-
es that required faculty to wear loupes. Apparently 
many faculty believe the wearing of loupes have 
advantages but not enough to mandate their use. 
Faculty need to be role models for students. If pro-
gram policies do not reflect that loupes are im-
portant for faculty, many students may not view 
loupes as advantageous enough to incur the ex-
pense unless mandated.  With expenses continu-
ing to rise and budgets continuing to decrease 
in many institutions, it is not surprising that few 
schools paid the cost of loupes for faculty. If the 

expense was covered by the institution, polices 
would predictably change since respondents see 
many advantages to wearing loupes.

 Of the programs currently not requiring loupes, 
few plan to change their policy in the future. This 
is unfortunate since musculoskeletal health of stu-
dents and faculty could be affected.

The majority of responding faculty reported 
they include loupes ergonomics instruction as 
part of the curriculum. However, the one third of 
respondents that do not cover this topic in their 
curriculum may be doing a disservice to their stu-
dents. These schools may wish to evaluate their 
curriculum to ensure coverage of this important 
topic so tomorrows practitioners have a full realm 
of options for ergonomically sound dental hygiene 
practices. Beach et al reported the majority of pro-
grams did not offer ergonomic education beyond 
patient/operator positioning due to lack of room 
in curriculum.21 This could be a possible reason for 
the low number of hours found in this study that 
was devoted to loupes education.

Since proper fit is integral to the successful use 
of loupes, students need to be measured in the 
clinic with a patient in the chair to attain the prop-
er patient–clinician distance, as well as the angle 
of the telescopes. Therefore, curriculum should 
have both a clinical and didactic component. Man-
ufactures of purchased loupes must be obliged to 
provide initial and follow–up instruction, as well as 
clinical support as needed to obtain optimum out-
comes since proper loupes fitting is outside of the 
role of most faculty.

In summary, clinicians often slouch or bend to 
enhance their visual perspective and risk serious 
cumulative injury.1–6 Loupes can aid in reinforcing 
proper ergonomics, musculoskeletal health and 
greater visual acuity with less eyestrain. This could 
result in prolonged physical health, dental hygiene 
careers and greater visual acuity resulting in en-
hanced patient management.

There are limitations to the current study. Re-
sults can only be generalized to the responding 
population and may not represent all dental hy-
giene programs. This present study did not eluci-
date the student perspective which could impact 
results. The questionnaire did not clearly define 
pre–clinic from first year clinic, which may have 
confused respondents.

Future studies need to be conducted to deter-
mine if visual magnification improves student per-
formance, the most optimal time loupes should be 
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Most responding dental hygiene programs do 
not require students or faculty to purchase or use 
loupes. The majority of respondents believe stu-
dents should begin to wear loupes in their first 
year. Most respondents see advantages to loupes, 
but clinical policies on loupes do not appear to cor-
relate with beliefs. Educational programs in dental 

Conclusion

introduced into curriculum and student opinions of 
the value of loupes in clinical practice. Research is 
also needed to investigate why faculty recognize 
the importance of enhanced vision with loupes but 
are resistant to requiring the wearing of loupes in 
the educational setting.

hygiene seem slow to adopt and require the use of 
loupes. Current clinical policies on loupes should 
be reviewed to ensure graduates experience the 
potential ergonomic benefits magnification brings 
to clinical practice during their education.
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Introduction

Since the beginning of dental 
hygiene education, dentists, den-
tal hygienists and dental assistants 
have been trained in isolation of one 
another. If the dental hygiene stu-
dent is enrolled in a dental hygiene 
program associated with a dental 
school, the student may be able to 
provide care in a team environment 
with a dental student. However, the 
majority of dental hygiene and den-
tal assisting programs are located 
in community and technical colleg-
es, making it difficult to interact as 
a team prior to graduation.

Examples exist in the literature, 
primarily in European countries, of 
interprofessional training of nurs-
ing, medical, physical therapy and 
occupational therapy students.1–5 
Communication and respect among 
medical and nursing students improved in inter-
professional training experiences in the U.K.1–3 In 
2009, 616 medical, nursing, physical and occupa-
tional therapy students participated in a 2 week 
clinical teaching experience in Sweden. As a re-
sult of their experiences, the students reported 
improved knowledge of other professions’ skills, 
communication and teamwork philosophy.4 In an-
other study, students of medicine, nursing, occu-
pational and physical therapy departments were 
trained together in a clinical setting in Denmark 
for 3 months. Results showed that patient out-
comes improved with fewer complications found 
in those patients treated by an interprofessional 
team.5

The concept of educating dental and den-
tal hygiene students together has been done in 
some other countries. The University of Gronin-
gen, Netherlands, educated dentists and dental 
hygienists together.6 Each week students in both 
groups focused on a specific case study. By the 
last year of study, dental hygiene students man-

Dental Team Experience (DTE): A Five 
Year Experience
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Purpose: Several European countries have interprofessional 
training for health care professional students, including dental 
and dental hygiene students. However, very little training exists 
in the U.S. where dentists and dental hygienists are educated 
together.  The 4th World Congress of Preventive Dentistry and 
the American Dental Education Association have stated that 
teamwork must be taught in the dental professions. In 2005,  
Eastern Washington University began an interdisciplinary team 
experience in which graduating dental hygiene, dental assisting 
and dental students worked in an interdisciplinary team provid-
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and outcomes of this interdisciplinary experience.
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working in collaborative practice settings with other health pro-
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quality of health care outcomes.

aged a student team practice along with dental 
and dental assisting students. The Dalhousie Uni-
versity School of Health Services Administration, 
Nova Scotia, Canada, constructed interprofes-
sional learning modules for students from den-
tistry, dental hygiene, nursing, medicine, social 
work, occupational therapy, pharmacy, audiology, 
health education and kinesiology.7 The curriculum 
was formed on the premise that, if you educate 
professionals to work together more effectively, 
their treatment for the clients and patients will 
be enhanced by such cooperation. The modules 
were well received by students. Barriers included 
university administrative support and the need for 
faculty support and rewards for working towards 
interprofessional education. There was evidence 
in the literature illustrating dental hygiene and 
dental school program attempts to work together 
on external clinical rotations. The University of Al-
berta Dental School has dental and dental hygiene 
students serve a minimum of 2 weeks at com-
munity clinics together.8 Goals of this project are 
to have students become more confident about 

Research
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their own abilities and to foster professional and 
interprofessional relationships between different 
dental practitioners.

Minimal evidence exists as to outcomes associ-
ated with similar attempts in the U.S., especially 
in dentistry. Evans et al stated the need for further 
attempts at interprofessional dental education in 
the U.S. because teamwork is essential for the 
provision of contemporary high quality oral health 
care. Formal curricula and opportunities are need-
ed as only anecdotal evidence currently exists.9 
The University of Maryland began having dental 
and dental hygiene students partner to provide 
comprehensive care to patients in 1981.10 The 
reason cited was to simulate post graduation prac-
tice of dentistry. Interdisciplinary training among 
dentists and dental hygienists was also seen to 
be essential by Old Dominion University, and in 
1986 they devised a curriculum that would facili-
tate teaching collaboration among these 2 pro-
fessions.11 When the dentist and dental hygienist 
develop a collaborative working relationship, the 
productivity, individual work satisfaction and con-
tinuity of care will be strengthened. This practice 
model stressed mutual respect, economic realities 
and collegiality. They suggested role playing to be 
a vital part of this model.

In 2002 the University of Southern California 
School of Dentistry launched an interdisciplin-
ary project including dental and dental hygiene 
students, medical and nursing students and so-
cial work students.12 The project was conducted 
externally in elementary schools and mobile clin-
ics. While project outcomes were positive, the 
sustainability was questioned due to scheduling 
difficulties and uncommitted faculty. Many com-
munity service events include dental and dental 
hygiene students working together, such as Give 
Kids a Smile Days, school based projects and mo-
bile health clinics.13–16

The 2006 American Dental Education Associa-
tion Commission on Change and Innovation in 
Dental Education stated the vision of the health 
care team is clouded by the reality that students 
in isolated health professions have little interac-
tion with each other.17 Dental students typically 
experience the 4 years of dental school in com-
plete isolation from other students in the allied 
health professions. R.E. Nowjacks–Raymer noted 
at the 4th World Congress of Preventive Dentistry 
that teamwork must be taught.18 All health care 
professionals must be formally taught how to be 
effective team participants and be given the op-
portunity to practice the skills involved in team-
work. In order to alleviate lack of respect between 

Methods and Materials
Dental Team Experience

In 2004, Eastern Washington University (EWU) 
began the development of an interdisciplinary 
team experience. The purpose of this experience 
was to provide an opportunity for dental, dental 
hygiene and dental assisting students to work as a 
team prior to graduation in hopes that they would 
be better able to function as licensed dental team 
care providers. This paper will describe the pro-
cess of initiating the program, including planning, 
funding and logistics. In addition, the paper will 
report outcomes found over a 5 year period.

Discussions with the state’s only dental school, 
the University of Washington School of Dentistry, 
lead to an agreement to have senior dental stu-
dents participate. To gain the full complement of 
a dental team, the local dental assisting program 
located at Spokane Community College (SCC) was 
invited to participate.  The outcome was a dental 
team consisting of senior dental hygiene students, 
senior dental students and dental assisting stu-
dents in their final quarter of study. This 5 year 
running project, which began spring 2005, was 
called the Dental Team Experience (DTE).

Funding

It was necessary to secure funding for a coor-
dinator, dental materials, dental equipment and 
housing for the dental students. Funding for the 
coordinator was initially obtained from the EWU 
president in the amount of $5,000, with the ad-
ditional salary of $7,000 being secured from the 
local dental society.  The dental hygiene program 
was looked upon very favorably by the current 
university president who was very supportive of 
innovative efforts in education. Many dental fac-
ulty were members of the local dental society and 
they were able to obtain the additional funding 
needed.

The community college and university clinics 
lacked dental instruments and supplies to add the 
teams to their clinics. Thus, donations from dental 
corporations were sought via an informational let-
ter of request. Some corporations donated money, 
some instruments and supplies. The remainder of 
the necessary equipment and supplies was pur-
chased using discretionary funds from EWU and 

disciplines, roles must be respected and each team 
member utilized to their fullest potential. Effective 
communications must be established with conflict 
being resolved.
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the community college. The instruments were 
used only for the 3 week DTE experience, so there 
is minimal wear and tear on them.

The second and third year, the coordinator and 
scheduler salaries were supported by Robert Wood 
Johnson Foundation Community Dental Education 
Pipeline Program dollars. For years 4 and 5 the 
university and community college funded neces-
sary salaries and supplies.

Mission and Goals

A mission and 6 goals were developed by the 
DTE coordinator, dental hygiene program director, 
dental assisting program director and dental school 
liaison. The mission was to provide an opportunity 
for all team members to work together to provide 
services to the underserved population of Spokane 
County and to experience the complexities of den-
tal practice. A key portion of the mission was not 
only to train dental team members together but to 
assure that the underserved gain access to care. 
Goals for the DTE were as follows:

To increase efficiency of the team1.	
To provide an opportunity for all team mem-2.	
bers to work together
To provide services to low income and the un-3.	
derserved population in Spokane County and 
surrounding areas
To provide quality care to patients as evidenced 4.	
through patient evaluations
To appreciate the need for the development of 5.	
the leadership skills
To appreciate the complexities of dental prac-6.	
tice

Student Selection

Dental student participants were required to 
satisfy specific criteria to be selected for partici-
pation. The criteria included completion of all re-
storative dentistry requirements, the Chair of Re-
storative Dentistry approval and a willingness to 
relocate to Spokane, Wash for 3 weeks. A total 
of 3 dental students were selected. Initially there 
were not as many dental students interested in 
participating in DTE for the first 2 years because 
of the commitment required to be in Spokane for 
3 weeks. However, after hearing about DTE from 
dental students who had participated, more ex-
citement and interest was garnered which caused 
the process to become more competitive.

Selection of dental hygiene student participants 
was based on satisfying the following require-
ments: dental hygiene students must have com-

pleted the restorative requirements necessary to 
take the Western Regional Board Exam, be current 
on their clinical requirements and complete an ap-
plication including an essay on how the student 
felt they could contribute as an effective team 
member. A total of 5 dental hygiene students were 
selected each year. Approximately 12 dental hy-
giene students applied each year.

Dental assisting students were selected based 
on their ratings of performance after their first 
of 2 externships, in addition to supportive facul-
ty evaluations and the amount of time they had 
spent performing chair side assisting. A total of 8 
dental assisting students were selected. Because 
the dental assisting program had 48 students from 
which to choose from, the dental assisting pro-
gram director selected who was available to par-
ticipate in the DTE.

Sites

EWU Department of Dental Hygiene clinics 
served as one site giving the opportunity for the 
dental team to see patients in a dental hygiene 
school environment. Eight chairs were used at 
EWU with a preceptor dentist.

The second site was a Federally Qualified Health 
Center (FQHC) safety net clinic that treats low in-
come and the uninsured, and is the location for the 
HIV clinic for Eastern Washington. Seven chairs 
were used by the DTE students with 1 lead den-
tal assistant, a dentist preceptor and a registered 
dental hygienist employed by FQHC to help onsite 
for the experience. The FQHC handled its own bill-
ing and payment procedures.

The third site was the dental assisting clinic at 
SCC. While at this site the dental team treated 
mostly community college students. Twelve chairs 
were used with a volunteer dentist from the com-
munity helping with the experience. EWU handled 
billing and insurance issues for the community 
college as they were not set up to perform these 
functions. 

Affiliation Agreements

Affiliation agreements needed to be signed 
among the 3 clinical sites. Adjunct faculty appoint-
ments with the dental school were also necessary 
for dental student supervision.

Orientation

Orientation was seen as a critical piece of the 
DTE. The goal of this portion of the experience 
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focused on introducing students and beginning to 
define their preferred work environment. Morison 
et al found that, as a result of dental professionals’ 
isolated educational experiences, students have 
little knowledge of roles of each other in the dental 
team or how they fit into a team.19 Obstacles iden-
tified from the results of isolated education can be 
the lack of communication in the team, as well as 
role identity in the dental practice.

There were several tools introduced during ori-
entation that could be used to deal with the chal-
lenges of forming a new team, including conflict 
management, early team management skills, 360 
degree assessment and components of successful 
team meetings.

Originally, orientation was held two days before 
clinical practice. Over the first 2 years, the struc-
ture changed – orientation was held one day before 
clinical practice, with team–building exercises held 
throughout the entire experience. Based on feed-
back from students, the orientation was organized 
in a more succinct manner, due to the difficulty for 
many students to miss educational experiences in 
their classrooms to come to another site. The use 
of an online learning management system (LMS) 
for assignments and initial introductions was seen 
as a helpful tool.

The DiSC Personal Profile System® (Inscape 
publishing, Mount Prospect, Ill) was used exten-
sively to help students discover the best way they 
work with a team. The tool helped to identify their 
behavioral style and which strengths they can 
provide to the dental team. The key was having 
students understand there is no right or wrong 
answers – it is meant to be a non–judgmental re-
flection on preferred work style. Conflict is inevi-
table among a team which can lead to poor quality 
dentistry, unproductive days and a lack of com-
munication.20

 The students guide the process and the team 
formation during orientation to provide optimal 
care for patients and meet the needs of the team. 
The group was required to determine the mission 
and vision of the team during orientation. Consid-
ering that dentists, dental hygienists and dental 
assistants are educated in different environments 
and may not be aware of the functions and abilities 
of each, it was an ambitious goal to form a den-
tal team quickly. To facilitate integration, groups 
were formed to include each team member. Den-
tist, dental hygienist and dental assistant facilita-
tors for the experience role modeled the optimum 
team so that participants could observe unity and 
open communication.

Results

While at the FQHC site, the team provided care 
to approximately 110 patients totaling $7,500 in 
dental treatment. While at the EWU site, the team 
provided care to approximately 75 patients total-
ing $6,640 worth of dental treatment. While at the 
community college site, the team provided care to 
approximately 115 patients totaling $7,675 worth 
of dental treatment.

Full participation in clinical experiences and 
assessment of each week was required by all 
participants. These surveys were a 360 degree 
assessment of the team for that week. Dental stu-
dents were asked to assess dental hygiene stu-
dents’ cognitive and professional behavior each 
week. This allowed the hygiene student time to 
self–reflect and get feedback on how they were 
perceived by the team. Skills that were assessed 
included cultural awareness, treatment planning 
execution, critical thinking, integrity toward team 
and problem solving. Dental students were also 
given feedback on cognitive and team leadership 
skills by the dental hygiene and dental assisting 
students. The skills assessed for dental students 
included treatment planning follow–through, con-
fidence, total patient care, communication, recog-
nizing strengths of each team member, fostering 
trust and goal setting. All students were asked to 
evaluate the whole team each week. Each partici-
pant was asked to evaluate their communication, 
trust, support provided to team, conflict resolu-
tion skills and organization. The students tracked 
the evaluations to be able to note progress of the 
team. An entire program evaluation took place at 
the end of the 3 week time period.

Team meetings were divided into 2 types – the 
morning huddle and the end of the week staff 
meeting. The morning huddle focused on events 
of the previous day, suggested improvements 
and role assignments. Dental assisting students 
worked a variety of roles, ensuring that each had 
the opportunity to assist both dental and dental 
hygiene students. Dental hygiene students were 
either assigned to restorative, dental hygiene 
therapy or utilized as a roving dental hygienist to 
help with anesthesia or provide support for a den-
tal or dental assisting student. This individual was 
also charged with quality assurance of charts at 
the end of the day. Treatment by dental students 
was discussed with the dental mentor to ensure 
was followed. End of week meetings helped with 
self–efficacy of each team member by reminding 
them how well they performed.

Patient surveys were conducted annually (Table 
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Please Rate Us: Excellent Very Good Good Fair Poor

1.Courtesy/attitude of receptionists 44 7 1

2.Courtesy/attitude of faculty 1343 7 1 1

3.Courtesy/attitude of team 44 6 2 1

4.Cleanliness of dental clinic 44 8 1

5.Quality of overall care you received 41 8 2 2

6.How well were your questions answered 39 8 2 1 2

How well did dental team member explain:

7.Your gum & tooth condition 32 13 2 2

8.The treatment you needed 34 10 2 2

9.Your options on where to get treatment done 27 9 1 1 2

10.Your option to refuse treatment 24 8 1 3 2

11.The risks and benefits of treatment/no treatment 24 9 1 2 1

12.The cost of your treatment(s) 628 10 1 3

13.The work which you could have done 27 6 3 2 1

Table I: Patient Outcome Survey

I). Many of the clients needed more treatment 
than the DTE teams were capable of providing. 
The project was hesitant to perform even single 
canal root canals because of the lack of ability to 
follow–up with the clients. Equipment was a limit-
ing factor for extractions as well as lack of ability 
to follow–up. Overall, patients were very pleased 
with the program.

Each dental student had a week of required pri-
vate practice observation and limited treatment 
in varying dental offices. Types of offices included 
oral surgery, pedodontics, general dentistry, peri-
odontology, orthodontics and endodontics. Stu-
dents reported the least benefit and learning from 
these experience during the DTE mainly because 
they wanted to be treating clients.

Discussion

Challenges to the 5 year DTE project were nu-
merous. Students expected to be treated as prac-
titioners and not students. However, the faculty at 
all involved educational facilities knew they had 
not yet graduated, nor were licensed. In addition, 
some of the students failed to keep accurate re-
cords. Many were uncomfortable walking into a 
new clinical environment each week and felt it 
was too much to learn. Students commented that 
there was lack of standardized hours at each site, 
standardized computer patient software and felt 
there was a lack of calibration among sites. Part 
of the goal of the program was development of 
leadership skills for the students, and this was at-
tempted by placing students in different environ-
ments so they were forced to rely on team mem-

bers for success. The clinical sites purposely did 
not calibrate with one another because they felt 
it was important for the team to figure out how 
to cope with a new environment each week. The 
project team determined this to be an actual posi-
tive aspect of the DTE, since inconsistencies are a 
natural occurrence in practice.

Budget issues were always present. The FQHC 
lost $15,000 to have the DTE there because of 
having to dedicate 7 of their chairs. However, the 
FQHC’s clinical director still felt the experience 
was invaluable and worth this loss. The first year 
the coordinator didn’t have enough time to sched-
ule clients so the EWU staff was overburdened 
with this job. It became evident that a scheduling 
person would need to be assigned for future suc-
cess.

An unintended consequence of the DTE was 
the mere fact that not all dental hygiene or den-
tal assisting students could participate, which led 
to hurt feelings from those who were not chosen. 
In addition, the teams functioned differently each 
week because one dental student was participat-
ing in the private practice rotation any one week 
and not in the clinical portion of the experience for 
that week.

 In terms of success, procedures were done 
faster each week as the event progressed. Dental 
students gained true understanding of capabilities 
of both dental hygienists and dental assistants. 
Dental hygienists gained better understanding of 
how to work with a dentist and dental assistant.
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Dental students saw more patients in 3 weeks 
than they had seen in 2 years of dental school. 
Each year all students unanimously would rec-
ommend others to participate in this experience. 
Students felt there was a growth potential in this 
experience that outweighs a full quarter at school. 
One dental student participant responded:

“This by far has been the highlight of my school 
career! I learned so much about myself, strengths 
and weaknesses, what to look for in future em-
ployment. It really prepared me and gave me the 
confidence in myself and my training.” 

A dental hygiene student stated:

“It definitely helped my time management, 
communication, teamwork skills an immeasurable 
amount. I am so happy I had this experience as I 
am so ready for work.” 

Another dental hygiene student stated:

“It was amazing learning how the different den-
tal professionals function. It gave me a greater 
respect for each professional.”

The dental students commented on growth in 
team management skills, dealing with frustrations 
in the clinical setting and communication with oth-
er team members. The dental hygiene students 
commented on growth in improved anesthesia 
technique, speed for all procedures, communica-
tion with patients and team and adaptability to 
different sites and different patient types. The 
dental assisting students commented on growth 
in faster and more accurate x–rays, health histo-
ries and blood pressure reading, better chair side 
assisting, improved 3–way syringe and suction 
use and improved communication with the team 
and patients.

The mission of the DTE was achieved in 2 ways.  
Dental, dental hygiene and dental assisting stu-
dents gained respect for each member’s capabili-
ties, as well as how to utilize each member bet-
ter. The Spokane community was served with an 
average of $21,000 annually of high quality den-
tal treatment provided by the DTE. The faculty, 
staff and project coordinator found the DTE to be 
an extremely beneficial interdisciplinary team ex-
perience. Each year more of the challenges were 
transformed into successes. It can be argued 
whether the participating student or the commu-
nity were the largest benefactor in that the par-
ticipant gained so much real life experience, while 
the community gained necessary dental care that 
it would not have otherwise been provided.

As the DTE progressed, 4 major recommenda-
tions surfaced:

The dental assistants appeared to have the 1.	
largest amount of frustration with working 
outside their comfort zone – one recommen-
dation would be to start the rotations at the 
community college
Expectations need to be clearly stated to all 2.	
students in manual/written form – students 
often behaved as if they were already gradu-
ated and licensed since they were no longer at 
their home site
An orientation was needed at each site on the 3.	
Monday morning of the week the DTE was at 
that specific site to keep all of the information 
current and consistent
It became important to have the experience 4.	
earlier in the academic year so the dental stu-
dents were not away from the dental school 
for end of year activities

Due to the current economic situation and bud-
get shortfalls, the DTE was placed on hiatus for 
2010 and 2011. With budget constraints it became 
difficult to justify a 3 week experience in which 
only a few chosen students at all institutions could 
participate. It will also be valuable to consider a 
mechanism by which all students could participate 
in such a rewarding and educational stimulating 
team experience, thereby eliminating those who 
feel that they were not part of the chosen group. 
In the current budgetary situations found across 
all levels of higher education, investment in cre-
ative educational solutions will need to impact all 
students, not the select few.

Meanwhile, another dental experience has be-
gun at EWU – the Regional Initiatives in Dental 
Education.21 This program is an extension of the 
University of Washington School of Dentistry in 
which 8 first year dental students accepted to the 
School of Dentistry participate in coursework in 
Spokane, along with medical and dental hygiene 
students. These 8 students then return to their 
home campus for the second and third years of 
dental school, followed by a return to Eastern 
Washington for a portion of their fourth year. 
While this experience is not exactly the DTE, it 
does allow for some dental students to interact 
more regularly with dental hygiene students.

Conclusion
From a dental hygiene education perspective, 

the outcomes achieved by dental hygiene students 
who participated in DTE were well above expec-
tations. Unfortunately, dental team members are 
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often trained in isolation of each other. If dental hy-
giene students are fortunate to train within a den-
tal school, they may have limited opportunities to 
interact with dental students, but rarely with dental 
assisting students.  By bringing dental and den-
tal assisting students to the dental hygiene school 
environment, we were able to provide a team ex-
perience for dental hygiene students in which they 
could grow in clinical skills, improve time manage-
ment and also gain insight into how to best interact 
with a dentist. This experience can only help im-

prove the dental hygienists’ ability to be an excel-
lent member of the dental team.

Rebecca L. Stolberg, RDH, MS, is a professor 
and Department Chair of the Department of Den-
tal Hygiene at Eastern Washington University. Lisa 
A. Bilich RDH, MS is an assistant professor at the 
Department of Dental Hygiene at Eastern Wash-
ington University. Michele Heidel, CDA, is a dental 
assistant and office assistant in the Department of 
Dental Hygiene at Eastern Washington University.
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Introduction

Hygiene Self–Care of Older Adults in 
West Virginia: Effects of Gender
R. Constance Wiener, DMD; Bei Wu, PhD; Richard J. 
Crout, DMD, PhD; Brenda L. Plassman, PhD; Daniel W. 
McNeil, PhD; Michael A. Wiener, DMD; Elizabeth Kao, 
DMD; Daniel J. Caplan, DDS, PhD

Abstract
Purpose: This study investigated whether oral hygiene self–care 
behavior differs between genders in older adults in Appalachia, 
a geographic area with significant oral health concerns. Identify-
ing the practices of older adults may provide valuable information 
for designing interventions and improving overall oral health out-
comes.

Methods: As part of a larger, on–going study on cognition and oral 
health in later life in Appalachia, a sample of dentate, older adults 
without dementia aged 70 and above (n=245, 86 men and 159 
women) received an oral assessment by either a dentist or den-
tal hygienist. Psychometricians assessed cognition using a stan-
dardized battery of neuropsychological tests. They also adminis-
tered the General Oral Health Assessment Index and conducted 
structured interviews concerning diet, oral hygiene practices, oral 
health, social support, income and years of education

Results: Over 80% of women (n=128) and 52.3% of men (n=45) 
reported brushing their teeth twice daily. Multivariate logistic re-
gression analysis was conducted, controlling for socioeconomic 
status, social support (i.e., frequency of contacting friends and 
relatives), general oral health assessment items, number of de-
cayed, missing and filled surfaces, plaque index and having regu-
lar dental visits. The results showed that women reported more 
frequent tooth brushing than their male counterparts (OR=4.04, 
95% CI:1.93,8.42).

Conclusion: Older women in West Virginia had significantly better 
oral hygiene practices than older men, particularly regarding tooth 
brushing. Interventions are needed to improve older men’s dental 
hygiene behaviors to improve overall oral health outcomes.

Keywords: Aged, self–care, gender differences, preventive be-
havior, Appalachia, oral hygiene

This study supports the NDHRA priority area, Health Promotion/
Disease Prevention: Investigate how diversity among popula-
tions impacts the promotion of oral health and preventive behav-
iors.

Research

In 2000, the U.S. spent $56 billion 
on dental care for diseases which are 
generally preventable with good oral 
hygiene self–care. Oral diseases often 
have systemic ramifications if they 
are unchecked.1–3 Older adults have 
many oral health diseases and con-
ditions, and particular attention for 
their oral health care is needed.4 In 
addition, older adults are the fastest 
growing segment of the U.S. popu-
lation, expected to comprise 16.27% 
of the population by 2020.5 In gen-
eral, older adults frequently have oral 
health problems and elderly residents 
of rural areas are more likely to have 
poor oral health and inadequate uti-
lization of dental care.6 Neglect may 
lead to carious lesions and periodon-
tal disease, as well as pain, inflam-
mation, tooth loss, oral dysfunction 
and a diminished quality of life.5 
Residents of the geographic region of 
Appalachia, and West Virginia in par-
ticular, have significant problems with 
carious lesions and other oral health 
concerns, and the degree to which 
they impact older adults are currently 
under study.7

Periodontitis, carious lesions and 
tooth loss are caused by destructive 
oral biofilms.8–15 Over 700 different 
bacteria may co–exist in a dynamic 
oral biofilm matrix community.8 In a 
healthy situation, the oral biofilm is 
potentially protective as indigenous 
or resident flora may inhibit pathogens.2,15 Chang-
ing the biofilm environment to a lower pH (i.e., with 
an acidic or highly refined carbohydrate diet, cer-
tain medications or changes in saliva) encourages 
growth of destructive acid–tolerating species (such 
as cariogenic mutans streptococcus and lactobacil-

lis).2,15 Local factors in the biofilm influence the type 
of bacteria in the plaque.16 Older adults are at par-
ticular risk due to the number of medications they 
use, and the nature and quantity of their saliva. A 
report using the National Health and Nutrition Ex-
amination Survey (NHANES) 1999 to 2004 reported 
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the prevalence of periodontitis among dentate older 
adults 65 to 74 years old was 10.20%.4 This was 
a significant overall decrease in prevalence from 
19.57% in the NHANES (1988 to 1994) report, but 
there continued to be a greater prevalence of men 
with periodontal disease (12.97%, 8.56%, respec-
tively, p<0.05).4 The same study reported preva-
lence of carious lesions remaining high but stable for 
older adults (93.25%), with no gender differences.4 
The prevalence of mean number of permanent teeth 
for older adults 65 to 74 years was stable since 1988 
(19.34%), but women had statistically fewer teeth 
than men (19.03, 18.77, respectively, p<0.05).4

The NHANES survey, along with other studies, in-
dicate that more older adults are preserving their 
natural teeth and maintaining functional denti-
tion.4,17,18 However, there is dissatisfaction with oral 
function related to eating problems (the number and 
location of teeth) xerostomia, use of partial den-
tures and poor esthetics.19 Adherence to the Ameri-
can Dental Association and the US Surgeon General 
Oral Hygiene Self–care recommendations to brush 
twice and floss at least once a day (good oral hy-
giene self–care) and have regular prophylactic den-
tal hygiene visits have been associated with improv-
ing the plaque–mediated conditions of periodontal 
disease and dental caries, as well as improving tooth 
retention.20–22 Nevertheless, as noted above, there 
are gender differences in oral health and disease. 
Studies indicate that oral hygiene self–care can 
manage the biofilm by mechanically removing the 
oral plaque biofilm mass, lowering the bacterial load, 
oxygenating the site and changing the ecology of 
the biofilm.11 The process can be achieved with good 
oral hygiene self–care – brushing, rinsing, scraping 
and flossing or using other inter–dental cleaning.11 
There is little available research on differences in 
older adult oral hygiene self–care behavior between 
genders in their management of the plaque biofilm. 
One Danish study, which included adults of all ages, 
found women reported better oral hygiene self–care 
(e.g., frequency of tooth brushing and daily flossing) 
than men while controlling for socioeconomic status 
and dental status.23 A Kuwaiti study of adults of all 
ages also indicated women reported better oral hy-
giene self–care.24

Given the importance of oral hygiene self–care 
with regard to oral health, and the scarcity of re-
search concerning older adult gender differences in 
self–care behaviors, this study was undertaken to 
assess the differences between older men and wom-
en in a region in the U.S. with limited access to den-
tal professionals. From results of previous studies on 
adults of all ages, it was hypothesized older women 
would have more frequent oral hygiene self–care 
than men. Poor oral hygiene self–care results in poor 

oral health, and it is a modifiable health behavior, 
thus, having the knowledge of any differences in be-
havior between older men and women can be useful 
in designing appropriate interventions and programs 
specific to the at–risk population.20–22 Having the in-
formation may also be helpful in developing policies 
concerning the use of limited dental resources.

Methods and Materials

Participants were part of a larger study on oral 
health and cognition among older adults in West 
Virginia. The West Virginia University Institutional 
Review Board approved all procedures, and in-
formed consent was obtained from participants. 
Participants were compensated with a $50 gift 
certificate to a local merchant. A convenience 
sample of non–institutionalized older adults aged 
70 and above was recruited using statewide news-
paper and television advertisements, fliers placed 
in primary care offices, libraries and churches, 
and given to directors of senior citizen centers, 
retirement homes and senior assisted–living 
homes. The research team made presentations at 
various locations throughout the state to inform 
older adults about the relationship between oral 
health and systemic diseases, details of the pro-
posed research study on oral health and cognition 
in older adults and the importance and benefits 
of participating in research. Details of the recruit-
ment process have been described elsewhere.25 
The participants were dentate and each had at 
least 4 natural teeth. Psychometricians adminis-
tered batteries of neuropsychological instruments 
to determine the cognitive status of participants. 
The sample consisted of 245 non–demented older 
adults from various locations across West Virgin-
ia.

Psychometricians administered a 12 item Gen-
eral (previously Geriatric) Oral Health Assess-
ment Index (GOHAI) to identify the impact of 
each participant’s dental condition on specific is-
sues (functional limitations, pain and discomfort 
and psychological impacts). Participants were in-
terviewed, using a structured questionnaire. The 
questionnaire included questions on socio–demo-
graphics, social support, self–rated oral health 
status, physical status, health behaviors and oral 
hygiene self–care behaviors.

Measures

Dependent variables

Oral hygiene self–care was measured by self–
reported frequency of tooth brushing, flossing and 
use of mouth rinse. The scale was 1=twice a day 
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or more, 2=once a day, 3=several times a week, 
4=once or less than once a week or 5=intermit-
tently or hardly ever.

Independent variable and other covariates

Socio–demographic characteristics included 
age, gender, marital status (married or living with 
partners=1, and otherwise=0), education and an-
nual income. Social support included contact with 
relatives and friends. Contact with relatives was 
measured by number of family members that the 
respondents saw or heard from at least once a 
month, with a response from none to 9 or more 
contacts. The same response options were offered 
for the question concerning monthly contacts with 
friends. The study assessed dietary behavior us-
ing 3 questions that asked about the frequency of 
consumption of vegetables, fish and sweets. Each 
question had responses from never to 5 or more 
times a day. These questions were designed to 
briefly assess key dietary components and were 
drawn from the NHANES 2003 to 2004, in con-
sultation with geriatricians, geriatric dentists and 
dental researchers.

Oral health measurements included a respon-
dent’s self–rating of oral hygiene self–care, as well 
as the results from the clinical assessment. The 
clinical assessment measurements were plaque 
index, number of decayed, missing and filled sur-
faces (DMFS), as well as the 12 items of GOHAI. 
The GOHAI items were summed for the multivari-
ate analysis with a possible range of scores be-
tween 1 and 60. A higher score indicated better 
self–rated oral health. For the descriptive analy-
sis, the GOHAI items were dichotomized as having 
symptoms vs. not having symptoms.

A dental scientist provided training on the evalu-
ation procedures to the examiners (3 dentists and 
a dental hygienist) based on guidelines from the 
NHANES. Each examiner evaluated the same pa-
tient and then the dental scientist called all of the 
examiners to the patient to resolve any discrepan-
cies and to determine final outcomes. The buccal 
surface of the most anterior molar in each quad-
rant and the facial surfaces of the maxillary right 
central incisor and the mandibular left central inci-
sor were visually assessed as a part of the dental 
evaluation. Scores ranged from 0 (no plaque) to 
3 (an abundance of soft matter within the gingi-
val pocket and gingival margin).26,27 As an assess-
ment of inter–rater reliability, the average percent 
agreement for the number of missing teeth, the 
number of caries or restorations and the extent 
of periodontal disease (using the usual method of 
within +/–1 mm leeway) were calculated.  The 

average inter–rater agreement was 98.1% for the 
number of missing teeth, 95.6% for the number 
of caries or restorations and 95.1% for the extent 
of periodontal disease.

SAS 9.1 (SAS Institute Inc. Cary, NC) was used 
to analyze the data. T–test and Chi–square pro-
cedures were conducted to compare frequency 
and mean differences between male and female 
respondents in oral health preventive practices. 
Ordinal logistic regression was performed for the 
outcomes: frequency of tooth brushing, use of 
mouth rinse and frequency of tooth flossing.

Results

The sample included 86 men and 160 women 
who were non–institutionalized older adults with-
out dementia. The mean age was 78 years of age. 
Fewer women were married or lived with a partner 
than men (33.1% and 62.8%, p<0.0001). More 
women had less than 12 years of education than 
men (19.4% and 5.8%, p=0.004). More women 
had an income of under $20,000 than men (47.6% 
and 19.5%, p<0.0001).

Men and women did not differ significantly in 
DMFS (Table I). The 2 groups did not differ sig-
nificantly in self–rated oral health. Nearly 26% of 
males and 31% females reported their overall oral 
health as fair or poor.

Gender differences in oral hygiene self–care in-
dicated a higher proportion of older adult women 
brushed their teeth more frequently than their 
male counterparts (Chi–square=23.19, p<0.001, 
Table I). Eighty–one percent of women reported 
brushing their teeth twice a day, while the percent-
age for males was 52%. Compared to brushing, 
participants reported lower frequency of flossing 
and mouth rinsing. Forty–four percent of males 
and 32% females reported flossing intermittently, 
and the percentage for mouth rinsing was 41% 
and 37%, respectively.

Ordinal logistic regression results also showed 
females reported more frequent tooth brushing 
than their male counterparts (OR=4.04; CI:1.93, 
8.42, Table II). Other factors, such as more 
regular dental checkups, were associated with 
more frequent tooth brushing (OR=1.29, 95% 
CI:1.02,1.64). A lower plaque index score was 
also related to higher frequency of tooth brushing 
(OR=0.53, 95% CI: 0.32, 0.86).

Similar to brushing, compared to males, females 
also reported a higher frequency of tooth flossing 
(OR=2.03, 95% CI:1.14, 3.63, Table III). Individ-



234	 The Journal of Dental Hygiene	 Vol. 86 • No. 3 • Summer 2012

n=245 Male (86) Female (159) Chi–square/T value p–value

Toothbrushing frequency 23.19 <0.001

Twice daily•	
Daily•	
Several times/week•	
Once/week•	
Intermittent•	

52.3%
43.0%
2.3%
–––

2.3%

80.5%
18.9%
–––
–––

0.6%

Flossing frequency: 6.91 0.14

Twice daily•	
Daily•	
Several/week•	
Once/less/week•	
Intermittent•	

12.8%
30.2%
7.0%
5.8%
44.2%

12.0%
32.1%
17.6%
6.3%
32.1%

Mouthrinse frequency: 8.00 0.09

Twice daily•	
Daily•	
Several/week•	
Once/week•	
Intermittent•	

20.9%
22.1%
9.3%
7.0%
40.7%

10.7%
32.7%
14.5%
5.0%
37.1%

Last dental checkup 6.57 0.25

0–6 months ago•	
6–12 months ago•	
1–2 years ago•	
2–3 years ago•	
3–5 years ago•	
More than 5 years•	

73.3%
15.1%
2.3%
2.3%
3.5%
3.5%

63.5%
13.2%
6.3%
6.3%
2.5%
8.2%

Frequency of sugary foods 7.76 0.26

Never•	
1–3/month•	
1–2/week•	
3–4/week•	
5–6/week•	
1/day•	
2/day•	

23.5%
35.3%
28.2%
7.1%
1.2%
4.7%
0.0%

37.5%
33.8%
18.1%
3.8%
1.3%
5.0%
0.6%

Self assessment of Oral Health

Sum of GOHAI (12 Items)•	 58.4 58.8 3.28 0.51

Overall oral health

Excellent•	
Very good•	
Good•	
Fair•	
Poor•	

7.0%
34.9%
32.6%
22.1%
3.5%

10.7%
25.2%
33.3%
25.8%
5.0%

Functional limitations (GOHAI items dichotomized)

Trouble biting/chewing•	
Uncomfortable swallowing•	
Impacts speaking•	

9.3%
8.1%
1.2%

5.0%
5.0%
1.9%

1.70
0.96
0.18

0.19
0.33
0.67

Pain and discomfort

Discomfort eating•	
Use of medication for pain•	
Sensitivity to hot/cold•	

16.3%
0.0%
4.7%

13.1%
1.3%
12.5%

0.46
1.08
3.91

0.50
0.30
0.048

Psychological impact

Unhappy with appearance•	
Self–conscious•	
Uncomfortable eating socially•	

14.0%
0.0%
1.2%

13.8%
6.3%
2.5%

0.00
5.60
0.50

0.96
0.018
0.48

Behavioral impacts

Limitation of food•	
Limitation of social contacts•	

4.7%
0.0%

3.1%
1.3%

0.37
1.08

0.54
0.30

Clinical assessment

DMFS•	
Plaque score•	

83.2
0.7

80.2
0.5

0.78
2.12

0.44
0.033

Table I: Self–reported Oral Health Preventive Practicesuals with higher income and 
more recent dental check-
ups were also more likely to 
have a higher frequency of 
flossing. No significant dif-
ferences in mouth rinsing 
between males and females 
were found in the multivari-
ate analysis model.

In this study, women were 
more likely to brush their 
teeth twice a day than men.  
This supports a similar study 
which indicated that females, 
higher education, certain oral 
health beliefs, income and a 
source of care had higher oral 
hygiene scores than those 
who did not.28

The majority of respon-
dents rated their oral health 
as good to excellent, despite 
the respondents having, on 
average, a large number of 
DMFS. This apparent incon-
sistency may be reflective of 
age, geographic location and/
or cultural influences of the 
population studied. The geo-
graphic region of Appalachia 
has significant problems with 
carious lesions and other oral 
health concerns.7 Moreover, 
the discrepancy between per-
ceived oral health and DMFS 
suggests a culture in which 
the participants have unique 
oral health values, where re-
tention of natural dentition 
may not be a priority.29

The overall oral hygiene 
self–care of the participants 
indicated a need for both 
men and women to improve 
in their frequency of brush-
ing and flossing. Dentists and 
dental hygienists are aware 
that poor oral hygiene, in-
appropriate diet, smoking, 
drinking, hyposalivation and 
poor host defenses are some 
of the causes of local changes 
in plaque leading to the com-

Discussion
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Odds Ratio (95% CI)

Demographic Factor

Age•	
Female•	
Married Status•	
Education•	
Income•	

1.00 (0.94 1.07)
4.04 (1.93 8.42)
0.54 (0.24 1.20)***
1.03 (0.74 1.42)
1.16 (0.89 1.51)

Social Support

Frequency of contacting friends•	
Frequency of contacting relatives•	

1.21 (0.11 1.61)
1.22 (0.91 1.63)

Dietary Behavior

Vegetable•	
Fish•	
Sweet consumption•	

0.93 (0.75 1.16)
0.72 (0.44 1.18)
0.78 (0.60 1.01)**

Oral Health

Sum of GOHAI (12 items)•	
DMFS•	
Plaque Index•	
Last dental checkup•	

1.03 (0.97 1.10)
0.99 (0.98 1.01)
0.53 (0.32 0.86)*
1.29 (1.02 1.64)*

Table II: Logistic Regression Results on Tooth 
Brushing

Note: *p<0.05, **p<0.01, ***p<0.001

Odds Ratio (95% CI)

Demographic Factor

Age•	
Female•	
Married Status•	
Education•	
Income•	

1.01 (0.97 1.06)
2.03 (1.14 3.63)*
1.16 (0.64 2.11)
1.01 (0.79 1.29)
1.28 (1.05 1.57)*

Social Support

Frequency of contacting friends•	
Frequency of contacting relatives•	

1.01 (0.80 1.27)
0.87 (0.70 1.08)

Dietary Behavior 

Vegetable•	
Fish•	
Sweet consumption•	

1.06 (0.89 1.25)
1.17 (0.82 1.69)
0.82 (0.66 1.02)

Oral Health

Sum of GOHAI (12 items)•	
DMFS•	
Plaque Index•	
Last dental checkup•	

1.02 (0.97 1.07)
1.00 (0.99 1.01)
0.83 (0.56 1.25)
1.37 (1.13 1.66)**

Table III: Logistic Regression Results on Tooth 
Flossing

Note: *p<0.05, **p<0.01

Conclusion

As the U.S. population ages, more emphasis will 
be placed upon the health needs of older adults, 
particularly those in geographic areas with limited 
access to care and unique oral health perspectives. 

mon plaque–mediated diseases of caries and 
periodontal disease.2 Of those factors listed, in-
terventions may be possible to modify diet and 
drinking, reduce smoking, aid with salivary mois-
turizers or medications to improve salivary flow 
and to improve oral hygiene self–care. There is a 
need for clinicians to develop and promote holis-
tic, patient–specific strategies to maintain homeo-
stasis with appropriate oral self–care behaviors 
for older adults.2 The strategies need to address 
gender differences in tooth brushing and flossing 
behavior for both older men and women, as well 
as disparities that may exist due to location or 
culture.  Historically, for the men and women in 
this sample, there may have been less emphasis 
on oral hygiene self–care when they were children 
in the 1940s or earlier. The DuPont company be-
gan to mass produce nylon toothbrushes in 1938, 
and although Dr. Levi Spear Parmly suggested 
silk thread use to clean teeth in 1815, nylon floss 
and flossing only became widely available and 
used after World War II, primarily through the 
efforts of Dr. Charles C. Bass.30 Socialization to 
oral hygiene self–care is thought to be most ef-
ficacious early in life, and self–care habits are re-
sistant to change.31 As a result, older adults may 
need more time, help, encouragement and modi-
fications when given oral hygiene instructions for 
self–care, and more time may be needed with 
older men to impress the need for more frequent 
and better tooth brushing to prevent carious le-
sions and periodontal disease.

The study results are consistent with the lit-
erature on preventive medical care.32,33 Some re-
searchers speculate that women’s more frequent 
preventive health behaviors relate to their accep-
tance of help–seeking and compliance with treat-
ment regimens.34 These speculations are further 
tested by empirical studies that these differences 
may result from individuals’ health beliefs and 
help–seeking behavior.32,33 Thus, targeting health 
attitudes and behaviors that vary with gender 
might be the most effective strategies for produc-
ing changes in dental self–care.

Limitations to the study include the use of a 
cross sectional design, which does not permit 
causal analysis. Therefore, any attempt to gen-
eralize this study’s findings should be interpreted 
with caution. Similar to another studies of this 
type, the self–reported information is subject to 
recall error. Although not a limitation, per se, it 
should be noted that the study consisted of more 
females than males. The ratio of females to males 
(64.9%) was similar to that in the U.S. overall, 
where, for those aged 65 and older almost 60% are 
women.35
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Dental hygienists and dentists are in a special po-
sition to provide the skills, tools and techniques 
to improve or maintain oral health in older adults. 
The older females in this study reported better 
oral hygiene practices than the males. Therefore, 
an even greater effort is needed to work closely 
with older male patients to educate, encourage 
and motivate them in their oral hygiene practices. 
As health care providers who have an extended 
period of time with patients, dental hygienists are 
able to provide information about nutrition, smok-
ing and lifestyle influences, which can be used by 
older patients not only to maintain their teeth, but 
to maintain or improve their quality of life. Older 
patients provide unique challenges and rewards 
and understanding their needs will be a particu-
larly important aspect of oral care in the future.
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Introduction

Vital Tooth Whitening Effects On Oral 
Health–Related Quality Of Life in Older 
Adults
Ann M. Bruhn, RDH, MS; Michele L. Darby, RDH, MS; 
Gayle B. McCombs, RDH, MS; Carleen M. Lynch, RDH, 
MS, MPH

Abstract
Purpose: The purpose of this study was to determine if vi-
tal tooth whitening affects oral health–related quality of life 
(OHRQOL) in adults age 50 years and older, and if tooth whiten-
ing causes increased participation in social activities.

Methods: Using a 2 group, single blind, randomized, pre–test, 
multiple post–test design, 62 participants were enrolled. The 
experimental group used a whitening product twice daily for 
3 weeks. The control group used no whitening products. The 
Oral Health Impact Profile (OHIP) served as the pre– and post–
test measure. The OHIP measures OHRQOL on 7 subscales: 
functional factors, psychological disabilities, psychological dis-
comforts, physical disabilities, social disabilities, handicaps and 
physical pain. Additional questions measured the subjects’ so-
cial activities at baseline, 3 weeks and 3 months. Data from 
53 participants, who completed the study, were analyzed using 
paired t–tests and ANOVA at p=0.05.

Results: Statistical significance was observed for the OHIP 
physical pain subscale (p=0.0029) and the handicap subscale 
(p=0.05). Pre– to post–test means of the physical pain subscale 
increased in the experimental group (4.84 to 7.10), suggesting 
a lower OHRQOL, most likely related to tooth sensitivity experi-
enced by the experimental group. Means from pre– to post–test 
of the handicap subscale (1.96 to 1.19) reveal that the experi-
mental group reported an improved OHRQOL and felt they were 
more willing to work. Repeated measures ANOVA and Tukey’s 
post–hoc tests revealed that the experimental group reported 
significantly less (p=0.04) social activities at the 3 month post–
test (3.92 to 3.45). No statistically significant between–group 
differences were observed in the overall OHIP score for func-
tional factors, psychological disabilities, psychological discom-
forts, physical disabilities and social disabilities.

Conclusion: Results indicate that vital tooth whitening does 
not improve overall OHRQOL in older adults.

Keywords: Tooth whitening, middle aged, oral health related 
quality of life (OHRQOL), Oral Health Impact Profile (OHIP)

This study supports the NDHRA priority area, Health Promo-
tion/Disease Prevention: Validate and test assessment in-
struments/strategies/mechanisms that increase health promo-
tion and disease prevention among diverse populations.

Research

Vital tooth bleaching, the act of 
using hydrogen peroxide or carb-
amide peroxide to whiten teeth, is 
the most commonly requested cos-
metic dental procedure in the U.S.1 
The American Academy of Cosmetic 
Dentistry’s survey on cosmetic pro-
cedures performed from 2005 to 
2006 showed a 57% increase in 
tooth whitening.2 Capitalizing on 
consumer interest, dental practices 
are marketing as specialists in cos-
metic or aesthetic dentistry. Since 
97% of cosmetic dental practices 
reported profits from tooth whit-
ening in 2006, determining the ef-
fects of whitening on oral health–
related quality of life (OHRQOL) is 
important to investigate.2 OHRQOL 
is the absence of negative impacts 
of oral conditions on social life, and 
a positive sense of dentofacial self–
confidence.3 Quality of life research 
in relation to dental aesthetics has 
thus far focused mainly on univer-
sity students, and no published re-
search was found that focused on 
the effects of vital tooth bleaching 
on quality of life in an older adult 
population.

The Centers for Disease Control 
and Prevention (CDC) estimate the 
population ages 50 to 85 and older 
will reach approximately 3 billion by 
year 2030.4 A trip to the dentist can 
be discouraging due to access bar-
riers such as transportation, cost 
and dissatisfaction with the way 
their teeth look, feel or function.5 
The American Academy of Cosmetic 
Dentistry reported that adults 51 



240	 The Journal of Dental Hygiene	 Vol. 86 • No. 3 • Summer 2012

OHIP Subscales Assessment

Functional limitation Feeling as if problems with the teeth affect overall
appearance

Physical pain Experiencing headaches due to problems with the teeth 
or tooth sensitivity 

Psychological discomfort Feelings of worry or self–consciousness due to prob-
lems with the teeth

Physical disability Experiencing a reduced ability to eat and avoidance of 
smiling due to problems with the teeth

Psychological disability Feelings of depression and embarrassment because of 
problems with the teeth

Social disability Avoiding social situations and inability to get along with 
others due to problems with the teeth

Handicap Feeling of reduced ability to work due to problems with 
the teeth

Table I: OHIP Subscalesyears of age and older 
partook in 34% of cos-
metic dentistry proce-
dures in 2006.2 Since 
tooth whitening is nonin-
vasive and relatively in-
expensive, it is important 
to examine its impact on 
quality of life in an older 
population. Higher qual-
ity of life from a whiter 
and brighter smile might 
lead to increased den-
tal visits and increased 
concern for the health 
of the oral cavity. In the 
present study, data were 
collected on older adults 
via the Oral Health Im-
pact Profile (OHIP) and 
compared to research on OHRQOL and tooth whit-
ening on college–age students.

Attractiveness and its Effects on
Self Consciousness

Physical attractiveness, in particular facial ap-
pearance, has been shown to be significant to 
body image and self consciousness.6 Teeth are a 
predominant facial feature and play an important 
role in overall physical attractiveness. Dissatisfac-
tion with how one’s own teeth look may result 
in loss of eye contact and anxiety.6 Following the 
placement of anterior composite restorations, in-
dividuals who were previously dissatisfied with 
the appearance of their teeth had increased self–
esteem and reported feeling more comfortable in 
social scenarios as evidenced by the Body–Esteem 
Questionnaire.6

Research suggests that society judges based 
on appearance even when other personality traits 
or abilities are known.7 The most important factor 
in assessing one’s self–image is acceptance and 
perceptions from peer groups.7 Based on appear-
ance alone, older adults are often deemed feeble, 
unstable and less flexible individuals.7 A meta–
anayltic and theoretical review on attractiveness 
found that adults who thought of themselves as 
physically attractive self–reported as healthier 
and more efficient.8 Attractiveness was also found 
to be significant within the work and school envi-
ronment.8 Researchers concluded that facial at-
tractiveness has an effect on self–consciousness, 
as attractive adults were found to have higher 
self–confidence and self–esteem.8

Older Adults and OHRQOL

Researchers found that physical health has pro-
found quality of life implications.9 Being social is 
important for overall general health and increased 
quality of life in older adults. Physical pain associ-
ated with dental diseases and disorders, and feel-
ings of embarrassment from unattractive teeth, 
can decrease social interaction in older adults, 
thereby decreasing quality of life.10 In a research 
study by Ekanayke et al, 235 participants 60 
years of age and older underwent oral examina-
tions and were interviewed on socio–demographic 
data, perceived oral health status, perceived need 
for dental care, dental visiting pattern and psy-
chosocial impact of oral disorders on well–being 
and quality of life.11 This study demonstrated that 
OHIP data was useful for determining how older 
adults view their own oral health status.11

Effects of Tooth Whitening on OHRQOL

McGrath and colleagues studied whitening ef-
fects in 87 college–aged individuals. At baseline, 
participants completed the OHIP, which assessed 
functional limitation, physical pain, psychological 
discomfort, physical disability, psychological dis-
ability, social disability and handicap (Table I).12,13 
Eight weeks after using whitening products, 63 
participants returned for post–testing. Research-
ers found that the OHIP was “sensitive and re-
sponsive” to whiter teeth, meaning whiter teeth 
positively affected OHRQOL.12 Of the 7 variables, 
the functional limitation subscale changed sig-
nificantly after participants’ teeth were whitened, 
meaning they reported less difficulty chewing and 
better overall appearance of their teeth.12

Slade et al explained the use of the OHIP in the 
measurement of quality of life based on 7 sub-
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Research Design

A 2 group, single blind, randomized, pre–test, 
multiple post–test design was used for the pres-
ent study (Table II). Sixty–two participants 50 
years of age and older were enrolled and ran-
domly assigned to 1 of 2 groups by research as-
sistants. A total of 53 participants completed the 
study (Table II). Clinicians collecting data were 
unaware of participant group status, since the 
participants were assigned a number after being 
randomly assigned to a group. Research assis-
tants informed participants not to discuss treat-
ment with clinicians. Since the control group 
did not utilize a whitening product and the ex-
perimental group did, both groups were aware 
of their status within the study. The whitening 
product used, (Crest Whitening Supreme® 14%; 
Procter & Gamble, Cincinnati, Ohio) has demon-
strated safety and effectiveness.14,15

Methods and Materials

Pre–Test Measures 
Baseline Treatment Post–Test Measures 

Week 3
Post–Test Measures 

Three Months Final Sample

Experimental Group
Trubyte New Hue •	
Vitality Scale
Tooth Color Satisfac-•	
tion Scale (TCSS)
Oral Health Impact •	
Profile (OHIP)
Additional Questions •	
Survey (AQS)

Use of a tooth •	
whitening 
product
Oral home-•	
care instruc-
tions

Trubyte New Hue •	
Vitality Scale
Tooth Color Satisfac-•	
tion Scale (TCSS)
Oral Health Impact •	
Profile (OHIP)
Additional Questions •	
Survey (AQS)

Additional Ques-•	
tions Survey 
(AQS)

Females: 10•	
Males: 14•	
Total: 24•	

Control Group
Trubyte New Hue •	
Vitality Scale
Tooth Color Satisfac-•	
tion Scale (TCSS)
Oral Health Impact •	
Profile (OHIP)
Additional Questions •	
Survey (AQS)

No use of •	
tooth whiten-
ing product
Oral home-•	
care instruc-
tions

Trubyte New Hue •	
Vitality Scale
Tooth Color Satisfac-•	
tion Scale (TCSS)
Oral Health Impact •	
Profile (OHIP)
Additional Questions •	
Survey (AQS)

Additional Ques-•	
tions Survey 
(AQS)
Given tooth •	
whitening prod-
uct

Females: 18•	
Males: 11•	
Total: 29•	

Total: n=53•	

Table II: Research design

Sample Description, Selection and Enrollment

The convenience sample of 62 adults 50 years 
of age and older were enrolled from the Hampton 
Roads area of Virginia. This sample size was cho-
sen to obtain at least 30 participants in each group 
for use of parametric statistics. Participants had to 
be in good general health, possess the cognitive 
ability and physical dexterity to perform daily oral 
care, have at least 8 natural anterior teeth free 
from composite restorations, crowns, veneers, full 
or partial dentures and endodontic treatment, and 
refrain from using any over–the–counter tooth 
whitening products for the duration of the study. 
Exclusion criteria included visible calculus depos-
its on labial or lingual surfaces of anterior teeth 
covering more than one third, severe tooth sen-
sitivity or professional whitening within the past 3 
years. Exclusion and inclusion criteria were deter-
mined through a researcher–conducted screening 
process.

Procedures and Materials

Tooth color assessments using the Tooth Color 
Shade Guide (TCSG) on teeth numbers 6 through 
11 and 22 through 27 were measured at the mid-
dle third and recorded. The TCSG consisted of 12 
shades numbered from 1 to 12, with 1 being the 
lightest and 12 being the darkest (Trubyte New 
Hue Vitality Scale®, Dentsply International, York, 
Penn).

Data Collection Instruments

Tooth color satisfaction, measured with the Tooth 

scales in 64 dental patients, which showed valid-
ity and reliability.13 Outcomes provide information 
to better understand the dimensions of OHRQOL 
and factors that encourage dental care seeking 
behaviors in older adults. This is due to the fact 
that OHIP reliability in the study performed by 
Slade et al was performed on 122 individuals over 
the age of 60.13 The purpose of the present study 
was to determine if prescription strength at–home 
tooth whitening lead to self–reported tooth color 
satisfaction, improved overall OHRQOL and lead 
to increased social activities in older adults.
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Color Satisfaction Scale (TCSS), 
asked the question “How satis-
fied are you with the color of your 
teeth?” Responses ranged from 
very satisfied (5 points), satisfied 
(4 points), neither satisfied nor 
dissatisfied (3 points), dissatisfied 
(2 points) and very dissatisfied (1 
point). Calibration for measuring 
tooth color was conducted prior to 
study initiation. Test–retest data 
were analyzed using percentages 
and both intra–rater reliability 
(examiner 1=100%, examiner 2=90%) and inter–
rater reliability (99.44%) were considered excel-
lent.

OHRQOL measured the frequency of dental–
related problems utilizing a reference period of 1 
month and a 5 point Likert scale: very often (5 
points), fairly often (4 points), occasionally (3 
points), hardly ever (2 points), never (1 point), 
don’t know and not applicable.13 Questions with re-
sponses of don’t know and not applicable were not 
included in the analysis. The instrument yields an 
interval scale of 0 to 196 for overall quality of life – 
the lower the score, the higher the OHRQOL since 
the OHIP weights negative factors. OHIP measured 
overall quality of life and its 7 subscales: functional 
factors (0 to 36), psychological disability (0 to 24), 
psychological discomfort (0 to 20), physical disabil-
ity (0 to 36), social disability (0 to 20), handicap 
(0 to 36) and the feeling of pain or discomfort (0 
to 36). The OHIP is “one of the most comprehen-
sive measures of OHRQOL,” and determined the 
primary endpoints of whether or not overall quality 
of life and it’s 7 subscales increased within the ex-
perimental group, demonstrating that whiter teeth 
positively impacted quality of life.12

The number of self–reported social activities for 
older adults measured by a researcher–created Ad-
ditional Question Survey (AQS) asked, “How many 
social activities (with a group or with one other 
person) did you participate in over the past two 
weeks?” Responses ranged from none (1 point), 1 
to 2 (2 points), 3 to 4 (3 points), 5 to 6 (4 points) 
and 7 or more (5 points).

Protection of Human Subjects

The University’s institutional review board ap-
proved the protocol for protection of human par-
ticipants.  All participants were informed verbally 
and in writing of the potential risks, benefits, pro-
cedures, protection of subject rights and the risk–
benefit ratio, and signed informed consent.

Results

A 36.8% improvement in tooth color for the ex-
perimental group was found over 3 weeks. TCSS 
analysis revealed that older adults in this group 
were significantly more satisfied with the color 
of their teeth than those in the control group. At 
baseline, individual groups were equivalent in the 
satisfaction of their tooth color. Post–test scores 
in tooth color satisfaction for the experimental 
group increased significantly from 2.29 to 4.36, 
suggesting that persons who had their teeth whit-
ened became more satisfied. Data revealed that 
individuals who received the whitening treatment 
showed significant increases in tooth color satis-
faction (Table III).

OHRQOL analysis revealed no statistically sig-
nificant difference in the experimental group com-
pared with the control group after the whitening 
treatment. Paired t–test results for the control 
group using the log scores of the difference from 
pre– to post–test showed no statistically signifi-
cant improvement in overall quality of life (t–val-

Degrees of
Freedom

Sums of
Squares

Mean
Squares

F–Statis-
tic p–Value

Pre–Test Scores 1 0.10 0.10 0.20 0.66

Error 51 25.79 0.51

Corrected Total 52 25.89

Post–Test Scores 1 39.57 39.57 50.05 <0.0001

Error 48 37.95 0.79

Corrected Total 49 77.52

Table III: Pre–test to Post–test Tooth Color Satisfaction

Statistical Analysis

Data were entered into Microsoft Excel software, 
and SAS statistical analysis software.  Pre– and 
post–test scores measuring tooth color change as 
a result of the whitening treatment in the experi-
mental group were also included. Between group 
differences were analyzed using analysis of vari-
ance (ANOVA) for tooth color and tooth color sat-
isfaction, while scores from the OHIP measure 
were analyzed using the paired t–test. Two–way 
analysis of variance determined the differences be-
tween the pre– and the post–test for each group. 
To correlate tooth color satisfaction with the overall 
score, regression analysis was used. This also de-
termined if tooth color satisfaction scores affected 
overall OHRQOL within groups. For the additional 
question, repeated measures ANOVA and post–hoc 
comparisons with Tukey’s test were performed.
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ue=–1.10, df=28, p–value=0.28). Paired t–
test results for the whitening group showed 
no statistically significant difference (t–val-
ue=1.27, df=23, p–value=0.22). The overall 
quality of life difference score from pre– to 
post–test was 0.96 (n=24). At baseline, the 
control group had a slightly higher OHRQOL 
(18.14 and 20.67). Tooth whitening did not 
influence overall quality of life.

Statistical significance was not observed 
for the OHIP functional factors, psychologi-
cal disabilities, psychological discomforts, 
physical disabilities and social disabilities 
subscales. Analysis of the handicap sub-
scale of the OHIP revealed that older adults 
in the experimental group became statisti-
cally more willing to work due to a perceived 
increase in health compared to the control 
group. Paired t–test results for the experi-
mental group showed a statistically sig-
nificant improvement in the handicap sub-
scale from pre– to post–test (p=0.05). No 
statistically significant difference occurred 
when the handicap subscale OHIP pre– and 
post–test means for the control group were 
analyzed (p=0.63, Figure 1). Baseline com-
parisons made for the handicap subscale 
revealed a statistically significant differ-
ence between the experimental group and 
the control group (p=0.03), suggesting that 
the 2 groups had varying handicap subscale 
results.

Analysis of the physical pain subscale of 
the OHIP revealed significantly more physi-
cal pain in the experimental group, since 
a statistically significant change for the 
worse (more pain was experienced) was 
shown (p=0.0029). No statistically signifi-
cant change occurred in the control group 
(p=0.08, Figure 2). Baseline comparisons 
for the experimental group showed initial 
group equivalency (p=0.90).

Analysis of the number of social activities 
participated in over the past 2 weeks re-
vealed a significant difference among older 
adults in the experimental group as measured by 
the AQS. Repeated measures of ANOVA showed 
no statistically significant interaction between 
treatment group and time, indicating the profiles 
of the means were parallel (p=0.95, Figure 3). 
Statistically significant differences were observed 
between groups (p=0.04) and between time 
(p=0.01), and both groups changed similarly.

A post–hoc test (Tukey’s test) was conducted 
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Figure 2: Physical Pain Subscale from Pre– to 
Post–test

to identify the significant time periods from the 
group differences. When comparing the control 
and experimental group from baseline to 3 weeks 
(p=0.40) and baseline to 3 months (p=0.21), no 
significant changes were found. Significance was 
found when comparing the control and experi-
mental group means from 3 week to 3 months 
(p=0.01). Although still higher than the con-
trol group, the experimental group experienced 
slightly less social activities from post–testing at 
3 weeks to 3 months.
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Relationships among tooth color satisfaction 
scores and overall OHIP scores were analyzed 
using regression analysis. At baseline, the con-
trol group showed no statistically significant 
correlation (p=0.93) in overall OHIP and tooth 
color satisfaction scores. As the tooth color 
satisfaction scores increased, the overall OHIP 
scores stayed about the same. Moreover, there 
was no statistically significant relationship 
(p=0.56) among the control group’s tooth col-
or satisfaction and overall OHIP scores at the 
3 week post–test. Even though results were 
not significant, the control group demonstrat-
ed that within 3 weeks, tooth color satisfac-
tion increased and OHRQOL increased (OHIP 
scores decreased). Correlations between the 
experimental group tooth color satisfaction 
and overall OHIP scores at baseline showed a 
statistically significant relationship (p=0.01). 
As tooth color satisfaction increased, OHRQOL 
increased (OHIP scores decreased).

At 3 weeks the experimental group re-
vealed a statistically significant correlation be-
tween tooth color satisfaction and overall OHIP 
(p=0.01). As seen in Figure 4, tooth color sat-
isfaction increased and OHIP scores significantly 
decreased (higher OHRQOL). An increase in the 
satisfaction of one’s teeth demonstrated a signifi-
cant correlation with higher quality of life.

When accounting for the pre– and post–test dif-
ferences of the experimental group, no statisti-
cally significant correlation occurred between the 
overall OHIP score and tooth color satisfaction 
(p=0.48). Tooth color satisfaction increased signif-
icantly in the experimental group over 3 weeks. 
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Control and Experimental and Time at Baseline, 
3 Weeks and 3 Months

In general, all participants were low on the OHIP 
scale indicating a high quality of life at baseline. 
Tooth whitening positively changed older adults’ 
perceptions of their teeth and they became more 
satisfied with their tooth color. The results were 
similar to McGrath et al, where over half of partici-
pants reported being more satisfied with the color 
of their teeth after tooth whitening.12

Overall oral–health related quality of life was 
not changed as a result of tooth whitening, which 
contrasts McGrath et al where overall OHIP re-
sults improved significantly after tooth whitening.12 
These overt differences might be explained due 
to the fact that the control group demonstrated a 
higher overall OHIP result than the experimental 
group. Although not statistically significant, the ex-
perimental group had a lower OHRQOL, while the 

Discussion

control group showed higher OHRQOL. Reasons 
for this could be due to the statistically significant 
decrease in OHRQOL for the physical pain sub-
scale of the OHIP within the experimental group. 
The control group also showed a statistically non–
significant increased mean score (lower OHRQOL), 
but the increase shown in the experimental group 
was much higher, unlike McGrath et al.12 This in-
crease in pain is most likely attributed to the tooth 
sensitivity that is common with whitening proce-
dures. The functional factors subscale of the OHIP 
showed no statistically significant differences, 
therefore, those who whitened their teeth did not 
report increased confidence in their appearance. 
This is unlike McGrath et al, where significance was 
concluded for the functional limitation subscale.12 
The psychological disability subscale of the OHIP 
yielded no statistically significant difference from 
pre– to post–test in the experimental group. The 
control group showed improved OHRQOL for the 
psychological disability subscale, but this was not 
statistically significant. This may be attributed to 
a history threat, where the control group partici-
pants absorbed information regarding tooth whit-
ening during the 3 week period and related this to 
the questionnaire. The physical disability subscale 
revealed that participants did not experience an 
increased ability to perform daily oral hygiene or 
to smile. Initial group equivalence was established, 
yet the control group experienced a greater de-
crease in the mean score from OHIP pre– to post–
test (2.16 to 1.34) and showed a higher OHRQOL 
for the subscale (p=0.09). This is most likely due 
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Tooth Color Satisfaction
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Figure 4: Relationship Between Tooth Color Satisfaction and Overall OHIP Scores for the 
Experimental at Three–week Post–test

to the fact that participants were not disabled and 
were competent in performing daily oral hygiene to 
begin with.

Future studies should assess tooth color scores 
at baseline, then assign them to matched groups 
based on their pre–test score. This would give re-
searchers initial group equivalency and a more 
precise assessment of a change in quality of life 
than was possible presently. The short–form OHIP 
(OHIP–14), used in the study done by Ekanayke et 
al may have had more room for error and has been 
shown to be equivalent to the 49 item questionnaire 
used in the present study.11,16,17 Larger sample siz-
es, as well as random selection of samples, would 
allow future researchers to generalize results to a 
broader older adult population. As demonstrated 
by the present study and existing literature, the 
older adult population is interested in their tooth 
color. Future studies are recommended to further 
address psychosocial change in older adults associ-
ated with tooth whitening using larger sample siz-
es, a placebo, random selection and stratification.

Conclusion
Based on the outcomes of this study, the follow-

ing is reported: 

The older adults who whitened their teeth ex-•	
perienced an increased satisfaction with their 
tooth color as evidenced by the TCSS
Tooth whitening was not associated with im-•	
provements in overall OHRQOL, or its func-
tional factors, psychological disabilities, psy-
chological discomforts, physical disabilities 
and social disabilities subscales
Tooth whitening did affect the handicap sub-•	
scale, which demonstrated that persons who 
experienced tooth whitening were more willing 
to work due to a perceived increase in health
Tooth whitening did affect the physical pain •	
subscale, which demonstrated a lower OHRQOL 
for participants
Older adults who whitened their teeth reported •	
fewer social activities 3 months after the initial 
post–testing
Regression analysis relating tooth color satis-•	
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faction with overall OHRQOL revealed a sig-
nificant correlation between tooth color satis-
faction and overall OHIP for the experimental 
group
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Introduction

The Centers for Disease Con-
trol and Prevention (CDC) issued 
updated guidelines for infection 
control and disease prevention in 
2003. Although these guidelines 
focus mainly on fixed dental set-
tings, the recommended infection 
control practices are to be applied 
in all settings where dental treat-
ment is provided.1 Unlike a tradi-
tional fixed dental setting, public 
health settings utilizing portable or 
mobile equipment have additional 
factors to consider, such as limited 
resources (availability of sinks, wa-
ter, electricity and space). These 
can have a direct impact on hand 
hygiene procedures, pre–cleaning/
sterilization of dental instruments 
and disposal of contaminated 
waste.

Past and current research re-
garding dental infection control 
standards and challenges focus 
on traditional settings using fixed 
equipment. Public health settings 
may have varied issues that impact 
the delivery of care and infection 
control procedures. It is important 
to better understand predictors 
that influence lapses and adher-
ence to existing standards. The 
purpose of this exploratory pilot 
study was to determine the current 
infection control practices used in 
Massachusetts dental public health 
programs and assess perceived 
compliance and challenges with 
infection control standards as out-
lined in the 2003 CDC guidelines.

Massachusetts Dental Public Health 
Program Directors Practice Behaviors 
and Perceptions Of Infection Control
Debra November–Rider, RDH, MS; Kimberly Krust Bray, 
RDH, MS; Kathy J. Eklund, RDH, MHP; Karen B. Williams, 
RDH, PhD; Tanya Villalpando Mitchell, RDH, MS

Abstract
Purpose: The objective of this exploratory study was to deter-
mine the current infection control practices used in Massachu-
setts dental public health programs and assess the perceived 
compliance and challenges with infection control standards as 
outlined in the 2003 Centers for Disease Control and Prevention 
(CDC) infection control guidelines.

Methods: A convenience sample of program directors of den-
tal public health programs in Massachusetts (n=82) were invited 
to participate. The directors were identified through the Massa-
chusetts Department of Public Health, Massachusetts League of 
Community Health Centers, local dental/dental hygiene schools 
and key stakeholders in dental public health.  The electronic 
questionnaire–based survey consisted of 26 open/closed–ended 
and Likert scale questions. Statistical analysis included frequency 
distribution and factor analysis.

Results: The overall response rate was 43%. The majority of 
responders to the survey were from public health settings us-
ing fixed/mobile dental equipment (82.9%), compared to set-
tings using portable equipment (17.1%). Perceived lapses in the 
guidelines were attributed to lack of finances (r=0.938), lack of 
personnel (r=0.874) and lack of space (r=0.763). The only sig-
nificant correlation between the program directors perceived ad-
herence to the CDC guidelines was having access to necessary 
supplies and equipment (r=0.914). Program directors indicated 
that the CDC guidelines are hard to apply (r=0.895) and guide-
lines specific to settings using portable equipment would be help-
ful (r=0.925).

Conclusion: Within the limitations of the sample size and re-
sponse rate, directors from public health settings using both 
fixed/mobile and portable equipment reported being able to ap-
ply the current 2003 CDC infection control guidelines with few 
compliance challenges. However, respondents indicated that the 
guidelines were hard to apply and that infection control guide-
lines for settings using portable equipment would be useful.

Keywords: Infection control, portable dental equipment, fixed 
dental equipment, safety–net programs, public health programs

This study supports the NDHRA priority area, Occupational 
Health and Safety: Investigate methods to decrease errors, 
risks and or hazards in health care and their harmful impact on 
patients.

Research
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Access to oral health care is a significant prob-
lem for a large segment of the population in the 
U.S.2–6 The most vulnerable affected individuals 
include the poor and the working poor, pover-
ty–stricken inner–city residents, rural residents, 
ethnic minority groups, elderly, unemployed, un-
insured, persons with special needs, mobility–
restricted individuals and limited health literacy 
levels.3,5–7 A 2000 Special Legislative report en-
titled The Oral Health Crisis in Massachusetts re-
vealed a serious problem in access to oral health 
care in the state, especially for the poorest and 
most vulnerable populations. According to the 
report, more than 2.3 million residents do not 
have dental insurance, as evidenced by the 4,000 
calls per month to the Division of Medical Assis-
tance from members of MassHealth (a govern-
ment assisted health insurance program) unable 
to find dental care.8 Compounding the problem, 
86% of practicing dentists are not active provid-
ers in MassHealth, thereby impacting access to 
care for almost 1 million residents enrolled in the 
program.8 A major recommendation made from 
this report was to increase access to oral health 
screening and treatment services in both the 
public and private sector by expanding beyond 
the traditional private practice setting. These 
alternative settings, also referred to as safety–
net programs, are located in community health 
centers, public health departments or schools, 
and provide services to groups of individuals that 
are unable to access and or afford care from the 
private sector.4,9 Last reported in 2009, Massa-
chusetts had 48 safety–net dental programs lo-
cated in community health centers, public health 
departments and schools across Massachusetts 
that saw 377,577 patient visits per year.10

Over the past decade, many individuals, pro-
fessional health organizations and advocacy 
groups have strived to improve the problem of 
access to oral health care for underserved pop-
ulations. Three key national documents, Oral 
Health in America: A Report by the Surgeon Gen-
eral, Healthy People 2010, and the National Call 
to Action to Promote Oral Health all highlight the 
issues of access to care and the need to establish 
programs to eliminate oral health disparities.2,3,6 
Based on these recommendations, the Surgeon 
General invited all dental providers “To expand 
plans, activities and programs designed to pro-
mote oral health and prevent disease.”2 To meet 
the challenge of increasing access to oral health 
care, requests were made to expand safety–net 
programs located in non–traditional settings, 
such as health centers, schools, hospitals and 
community centers.2–4,6,9

There are primarily 3 types of practice settings 
for accessing dental care: fixed, portable and mo-
bile. A traditional, fixed clinic facility is considered 
the most efficient and effective for providing direct 
dental services to 1,400 or more patients.11 This 
type of setting can also provide a full spectrum 
of services from prevention (e.g. prophylaxis, 
sealants and fluoride) to treatment services (e.g. 
fillings, implants and oral surgery procedures). 
Mobile and portable dental programs operate as 
a safety–net for individuals or groups that do not 
have a dental home. These types of programs are 
often administered by agencies such as the De-
partment of Public Health, dental/dental hygiene 
schools, neighborhood health centers, non–profit 
organizations and individual volunteers, thus the 
term “public health settings.”

With the expanding scope of practice for the 
dental hygienist in a public health setting, these 
programs are moving beyond the traditional 
community–based health centers with the use of 
mobile and portable dental equipment allowing 
services to be provided outside the confines of 
a fixed equipment facility. Recent developments 
in the technology and transportability of porta-
ble equipment (e.g. patient chair, unit, light and 
clinician chair) have allowed dental personnel to 
administer screenings, prevention, education and 
treatment to patients outside a traditional fixed 
dental office setting.11 For portable equipment to 
be effective, it must be easily transported, have 
sound durability, good ergonomical features and 
be able to sustain the required infection control 
recommendations for dental settings.11

The CDC issued updated guidelines for infection 
control and disease prevention in 2003. Although 
these guidelines focus mainly on outpatient, am-
bulatory dental settings, the recommended infec-
tion–control practices are applicable to all settings 
in which dental treatment is provided.1 Literature 
suggests that several factors have been related 
to infection control standards in the clinical den-
tal setting using fixed equipment.1,12,13 To date, 
no studies have evaluated the current practices 
and challenges to implementing proper infection 
control in settings that use portable equipment. 
With an increase in dental public health programs 
using portable equipment, current CDC infection 
control guidelines may impact these settings and 
require further guidance to ensure the safe deliv-
ery of dental care for providers and patients. This 
study attempted to address this question and set 
the foundation for future research in this area.
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Methods and Materials

Instrument

An expert panel of 9 health care professionals, 
consisting of dental public health program direc-
tors, clinicians and an epidemiologist convened 
at the Forsyth Institute in Boston, Massachusetts 
in 2007 to discuss the topic of infection control 
in public health settings using portable or mo-
bile dental equipment. The group identified the 
following infection control challenges that are 
faced when providing care in community and 
school–based settings: space limitations for pro-
viding care, lack of hand washing sinks in imme-
diate care area, insufficient instrument process-
ing area, storage of contaminated items, sharps 
management and challenges with waste manage-
ment (handling storage and disposal). A 38 item 
forced–choice questionnaire evaluated by the 
panel was used to elicit information on site char-
acteristics, infection control policies and proce-
dures and infection control behaviors. Face valid-
ity of the questionnaire was determined based on 
their responses and modifications were made to 
insure that items were applicable for public health 
settings. The questionnaire was again tested for 
face validity with 2 dental public health care pro-
viders from the Forsyth Institute. The finalized 
questionnaire–based survey consisted of 26 open 
and closed ended and Likert scale questions de-
signed to elicit information on the current infection 
control practices used in Massachusetts dental 
public health programs and assess the perceived 
compliance and challenges with infection control 
standards as outlined in the 2003 CDC guidelines. 
The University of Missouri–Kansas City Social and 
Behavioral Sciences Institutional Review Board 
approved this survey prior to administration.

Data collection procedures
and statistical analysis

Due to the preliminary nature of this investiga-
tion, a convenience sample of dental public health 
programs in the state of Massachusetts was uti-
lized in the fall of 2009. A database of active email 
addresses of  program directors (n=82) was iden-
tified through the Massachusetts Department of 
Public Health (MDPH), Massachusetts League of 
Community Health Centers and local dental and 
dental hygiene schools. The electronic question-
naire–based survey was sent to all program di-
rectors via Survey Monkey. Non–responders were 
sent a second invitation to participate, 2 weeks 
following the initial mailing.  Responses were 
blinded to ensure anonymity and confidentiality.

Results

Characteristics of the sample. Of the 82 pro-
gram directors invited to participate, 35 returned 
the survey for a response rate of 43%. The de-
mographics of the sample are represented in Ta-
ble I. Worth noting, 74.3% of responders used 
fixed equipment compared to 17.1% who used 
portable equipment. A demographic summary of 
the sample consisted primarily of fixed settings 
located in community health centers in urban lo-
cations funded by both federal and state funds 
and supervised primarily by the Massachusetts 
Department of Public Health, which typically saw 
over 35 patients per day.

Practice Behaviors. Evaluation of the program 
directors’ assessment of practice behaviors is 
depicted in Table II. Questions on the survey 
were related to infection control behaviors and 
methods specific to their practice setting, such 
as most frequent method of hand hygiene, most 
frequently used method of cleaning instruments 
prior to sterilization, aerosol and spatter control, 
surface disinfection and management of regulat-
ed waste. The study found that a majority of the 
programs had access to a sink, water and soap 
(42.9%), which was the most frequent response 
for hand hygiene followed by an alcohol–based 
hand rub (40.0%). Pre–cleaning of instruments 
was primarily accomplished by using an ultrason-
ic cleaner (48.6%). The most frequent method to 
control aerosol and spatter was by use of a saliva 
ejector (82.8%) followed by high speed evacu-
ation (74.3%), and off–site disposal of medical 
waste accounted for the majority of the respons-
es (42.9%).

Perceived compliance and challenges. A fac-
tor analysis of perceived compliance and chal-
lenges for infection control was performed and 
explained 85% of the values in the survey items 
(Table III). Norman et al suggests that correla-
tions of r=0.70 and above indicate a strong rela-
tionship among the variables.14 The 5 constructs/
factors that were extracted included: 

(Construct 1) perceptions of guideline adher-•	
ence

The coded data was obtained from the elec-
tronic survey program Survey Monkey and im-
ported into and analyzed using the Statistical 
Package for Social Sciences (SPSS® Inc.,18.0). 
Factor analysis was used to assess 3 areas: in-
fection control practices, perceived compliance to 
and challenges with the CDC 2003 infection con-
trol guidelines.
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(Construct 2) con-•	
straints to guideline ad-
herence
(Construct 3) negative •	
view of CDC guidelines/
barriers
(Construct 4) attitude •	
about low risk of infec-
tion
(Construct 5) attitudes •	
about guidelines for 
settings using portable 
equipment

Regarding the first con-
struct (guideline adher-
ence), there was a strong 
correlation (r=0.914) be-
tween guideline adher-
ence and having access to 
the necessary supplies and 
equipment for implement-
ing CDC infection control 
guidelines. Additionally, a 
very strong correlation ex-
isted in relation to the pro-
gram directors’ perceptions 
of their programs infection 
control policies and pro-
cedures compliance with 
the current CDC guidelines 
(r=0.954) as well as their 
perception that the CDC 
guidelines are effective for 
their practice setting. Con-
cerning constraints of CDC 
guidelines adherence (Con-
struct 2), a strong corre-
lation (r=0.938) present-
ed, indicating that it was 
perceived that if the CDC 
guidelines were not followed, it was because of 
financial constraints followed by lack of dental 
personnel (r=0.874). Construct 3 (negative view 
of CDC guidelines) showed a strong correlation 
(r=0.985) relating to the difficulty of applying the 
guidelines to their practice settings. Construct 4 
(attitude about acquiring infection) indicated that 
there was a strong correlation (r=0.932) related 
to the directors’ perception that there is a low 
risk of acquiring infection from the patients seen 
at their facility. The final construct that emerged 
from the perception part of the survey addressed 
whether additional infection control guidelines 
would be useful for public health settings using 
portable equipment indicating that a strong cor-
relation (r=0.925) existed. Some items in this 
section of the questionnaire were not answered, 

Characteristics Frequency Percent

School 6 17.1

Community center 6 17.1

Community health center 21 60.0

Other 1 2.9

Urban location 19 54.3

Suburban location 4 11.4

Rural location 7 20.0

Uses fixed equipment 26 74.3

Uses portable equipment 6 17.1

Uses mobile equipment 3 8.6

Oversight by Massachusetts Department of Public Health 22 62.9

Oversight by dental/dental hygiene program 7 20.0

Oversight by research center 1 2.9

Oversight by “Other” 7 20.0

Funded by federal agency 23 65.7

Funded by state agency 21 60.0

Funded by private source 13 37.1

Funded by “other source” 3 8.6

Screening/examination services provided 30 85.7

Prevention services provided 30 85.7

Treatment services provided 26 74.3

# of patients seen in a typical day (20 or less) 4 11.4

# of patients seen in a typical day (21–35) 8 22.9

# of patients seen in a typical day (over 35) 16 45.7

# of personnel (5 or less) 5 14.3

# of personnel (6–11) 8 22.9

# of personnel (12–24) 12 34.2

# of personnel (greater than 25) 2 5.7

Table I: Demographics 

causing the final results not to be representative 
of the entire sample. Detailed responses to these 
constraints from program directors are shown in 
Table IV.

Limitations. The lack of a directory that identi-
fied settings using portable equipment in Massa-
chusetts at the time this study was being conduct-
ed resulted in convenience sample recruitment. 
The sample size of portable equipment users 
was low (n=6). Therefore, significant conclusions 
cannot be extrapolated from the results for these 
settings. Another possible limitation was that the 
results were self reported by the program direc-
tors raising the question of bias on some of the 
responses, e.g. failure to admit that their pro-
gram does not adhere to the CDC guidelines or 
that they are familiar with the guidelines.
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This pilot study attempt-
ed to capture the infection 
control behaviors, challeng-
es and perceptions of pub-
lic health program direc-
tors in dental public health 
settings in Massachusetts.  
With an increase in the 
number of programs and 
providers, including dental 
hygienists delivering care 
to underserved populations 
in the state and throughout 
the country, the question 
could be asked if there are 
any barriers or challenges 
for implementing the cur-
rent CDC infection control 
guidelines for these set-
tings and in particular, pro-
grams that use portable 
equipment.

Practice behaviors dem-
onstrated that hand hy-
giene with soap and water accounted for the most 
frequently used method of hand cleaning, which 
is the recommendation in the 2003 CDC guide-
lines.1 The availability of sinks with water con-
tributed to this adherence. Programs that only 
provided screening/examination and prevention 
services and, therefore, did not have visibly soiled 
hands or were contaminated with blood or other 
potentially infectious material, could account for 
alcohol–based hand rub use which is the accept-
able method of hand hygiene from the CDC when 
hands are not visibly soiled.1 Instrument process-
ing, including pre–cleaning and sterilization, did 
not present significant barriers for the majority 
of programs. This finding is not surprising since 
public health settings using fixed equipment have 
similar physical characteristics and properties of 
a traditional fixed dental facility. As a result, they 
do not present the same challenges that settings 
using portable equipment may encounter such as 
lack of electricity or limited physical space when 
housed in hallways, basements or small rooms in 
public buildings. The CDC guidelines recommend 
separate areas for processing clean and dirty in-
struments and the use of an automated cleaning 
device (e.g. ultrasonic cleaner or dishwasher/dis-
infector) for pre–cleaning of instruments.1 The di-
rectors of programs located in fixed settings indi-
cated compliance with this recommendation with 
limited or no challenges. Waste that is infectious 
and may cause substantial risk with handling and 

Discussion
Practice methods Frequency Percent

Hand washing soap/water 15 42.9

Antiseptic handwash 2 5.7

Alcohol–based handrub 14 40.0

Pre–cleaning of dirty instruments – hand scrubbing 4 11.4

Pre–cleaning of dirty instruments – ultrasonic 
cleaner 17 48.6

Pre–cleaning of dirty instruments – dishwasher/
disinfector 5 14.3

Method used for aerosol/splatter control – high 
speed evacuation 26 74.3

Method used for aerosol/splatter control – saliva 
ejector 29 82.8

Method used for aerosol/splatter control – rubber 
dam 21 60.0

Use of disinfectant sprays for surface disinfection 19 54.3

Use of disinfectant wipes for surface disinfection 29 82.9

Medical waste disposal on site 8 22.9

Medical waste disposal off site 15 42.9

Medical waste disposal both on and off site 1 2.9

Table II: Practice behaviors

disposing of is considered regulated medical waste 
(e.g. cotton rolls and gauze saturated in blood 
and/or saliva, extracted teeth, surgical removal 
of hard or soft tissues and sharp items such as 
anesthetic needles, surgical blades, orthodontic 
wires, broken metal instruments and burs). Pro-
grams that only provide screening/examination 
services do not generate medical waste, there-
fore can dispose waste with ordinary waste. The 
same applies to prevention programs (sealants/
fluoride) if cotton rolls and gauze are not satu-
rated in saliva. A regulated medical waste service 
or incineration was not applicable and was not 
utilized.

The factor analysis did provide strong correla-
tions regarding the program directors’ beliefs that 
their sites had access to the necessary supplies 
and equipment for waste management, had ac-
cess to sinks and products necessary to perform 
hand hygiene and had access to the necessary 
personal protective equipment as recommended 
in the CDC guidelines. These findings suggest a 
possible correlation exists between funding and 
availability of supplies necessary for proper in-
fection control procedures as recommended in 
the 2003 CDC guidelines. The program directors’ 
perceptions of barriers to guideline adherence 
were strongly related to factors such as limited 
finances, personnel and space constraints. This 
is significant in that the programs are able to ap-
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Factor Factor Loading

Factor 1 (perceptions of guideline adherence)

The site has access to the necessary supplies/equipment for implementing proper •	
waste management according to CDC guidelines.
The site has access to sinks and products necessary to perform hand hygiene as rec-•	
ommended by the CDC guidelines.
The site has access to the necessary personal protective equipment (PPE) as recom-•	
mended in CDC guidelines.
The infection control policies and procedures of our program comply with current CDC •	
guidelines.
I know where to obtain information about CDC guidelines.•	
CDC guidelines are effective for our practice setting.•	

0.914

0.745

0.707

0.954

0.707
0.877

Factor 2 (constraints to guideline adherence)

If CDC guidelines are not followed, it is because there is lack of dental personnel.•	
If CDC guidelines are not followed, it is because of space constraints.•	
If CDC guidelines are not followed, it is because of financial constraints.•	

0.874
0.763
0.938

Factor 3 (negative view of CDC guidelines: barriers)

If CDC guidelines are not followed, it is because of space constraints.•	
CDC guidelines are hard to apply.•	

0.908
0.895

Factor 4 (attitude about low risk of infection)

There is a low risk of acquiring infection from the patients seen at this facility.•	 0.932

Factor 5 (attitudes about guidelines for settings using portable equipment)

Infection control guidelines specific to settings using portable equipment would be useful.•	 0.925

Table III: Program directors group factor analysis of items measuring perceptions of practice 
behaviors, compliance and challenges regarding infection control

Survey Item Frequency

Strongly 
Agree

Somewhat 
Agree

Neither 
Agree or 
Disagree

Somewhat 
Disagree

Strongly 
Disagree

Don’t 
know Total Missing

If CDC guidelines are not 
followed, it is because of 
lack of dental personnel.

– – 3+ 1+ 23
(5* 18+) 3+ 35 5

If CDC guidelines are not 
followed, it is because of 
financial constraints.

– 1+ 3+ 5+ 19
(5* 14+) 2+ 35 5

If CDC guidelines are not 
followed, it is because of 
space constraints.

– 1+ 3+ 4
(1* 3+)

20
(6* 14+) 2+ 35 5

CDC guidelines are hard 
to apply.

31
(4* 27+) – – – – – 35 4

Infection control guide-
lines specific to settings 
using portable equipment 
would be useful.

25
(4* 21+) – – 6+ – – 35 4

Key:
* = using portable equipment
+ = using fixed/mobile equipment

Table IV: Frequency distribution of survey item responses to CDC guidelines
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Within the limitations of the sample size and 
response rate, directors from public health set-
tings using either fixed/mobile or portable equip-
ment reported being able to apply the current 
2003 CDC infection control guidelines with few 
compliance challenges. However, regardless of 
the type of practice setting, the respondents in-
dicated that the guidelines were hard to apply 
and that infection control guidelines for settings 
using portable equipment would be useful. This 
may require future consideration and guidance 
especially with an increase number of dental pub-
lic health programs utilizing portable equipment 
to address the issue of access to dental care.

Debra November–Rider, RDH, MS, is the In-
stitutional Review Board Administrator at The 

Conclusion

ply the CDC guidelines to their practice settings, 
but feel that when barriers occur, the size of the 
work environment, the number of personnel in 
addition to the ability to pay for the necessary 
supplies and equipment all present challenges for 
implementation and guideline adherence.
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