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The response of periodontal tissues to removable 
partial dentures (RPDs) has been a subject of 

significant controversy.1 The influence of major con-
nectors on parameters such as the Plaque Index,2,3 

gingival inflammation,2–4 probing depth,2–5 gingival 
recession,3,5 attachment loss,3,5 and tooth mobility3,4 

of the abutment teeth and/or remaining dentition has 
been investigated in previous studies. Decreased 
scores of these clinical parameters were mostly re-
ported, especially at the dentogingival surfaces in 
close proximity to the connectors.2 Other studies in-
dicated moderate6–8 or minimal9 periodontal destruc-
tion as a result of broad areas of tissue contact with 
the dentures. Information regarding bacterial coloni-
zation in association with mandibular major connec-
tors is lacking.

A lingual bar is primarily used in mandibular RPDs. 
The bar is usually positioned at least 3 mm from the 
free gingival margin because failure to provide suf-
ficient space may lead to irritation of the adjacent 
soft tissues. Otherwise, the major connector should 
be carried onto the lingual surfaces of the teeth in 
the form of a lingual plate. In a previous study, more 
plaque accumulation was found with the lingual plate 
than with the lingual bar.3 Covering the cervical gin-
gival margin with a metal or acrylic resin lingual plate 
can lead to accumulation of food debris and bacteria, 
which are potentially detrimental to the periodontal 
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health of the abutments and remaining dentition. 
However, the influence of lingual cervical coverage 
by RPDs on colonization of bacteria has not been 
investigated.

In this study, the number of anaerobic microorgan-
isms was measured to evaluate the effect of major 
connector design on the risk of periodontal disease. 
A previous study10 that employed the N-benzoyl-DL-
arginine-2-naphthylamide (BANA) test11 indicated 
that the prevalence of a trypsin-like enzyme unique 
to certain periodontal pathogens was greater at 
abutment teeth than at non-abutment teeth in RPD 
wearers. However, the BANA test was not capable 
of detecting specific aerobic and anaerobic bacterial 
species. The present study used the Invader assay 
(Hologic), a signal amplification system that allows for 
quantification of DNA and RNA targets12 to assess 
the presence of anaerobic periodontal microorgan-
isms in the remaining anterior teeth. The purpose of 
this within-subject study was to evaluate the perio- 
dontal and microbiologic effects of RPDs with con-
nectors. It was hypothesized that the use of a lingual 
plate increases the risk of periodontal disease.

Materials and Methods

Subjects

Sixteen subjects with bilateral loss of mandibular 
posterior teeth were recruited from patients seeking 
prosthodontic treatment at the Tokyo Medical and 
Dental University Hospital, Tokyo, Japan. Inclusion 
criteria were a complete maxillary dentition and the 
retention of functionally normal mandibular incisors, 
canines, and first premolars. All subjects had been 
wearing RPDs but required new dentures because of 
poor fit or fracture. Patients exhibiting occlusal ab-
normality or complaining of any medical or oral con-
dition were excluded. Normal food intake and dietary 
conditions were confirmed using a questionnaire on 
dairy food consumption. All experimental procedures 
were approved by the Ethical Committee of Tokyo 
Medical and Dental University (authorization no. 
409). All subjects received written descriptions of the 
study and provided informed consent. Each subject 
was given routine oral hygiene instructions, including 
mechanical tooth cleaning using a toothbrush and an 
interdental brush after every meal and cleaning of the 
RPD using a denture brush every night. Preliminary 
measurements of the probing pocket depths were 
done by the first author using the walking-stroke 
method for all mandibular anterior teeth,13 and the 
deepest pocket of all lingual sites was selected as 
the test site for that patient. Patients exhibiting deep 

pockets (probing depth > 4 mm) were excluded be-
cause the study was focused on partially edentulous 
patients who had received partial dentures without 
extensive periodontal therapy. All patients were ran-
domly allocated to one of two groups: the bar-first 
group, in which the subjects used the lingual bar RPD 
first and then switched to an acrylic resin lingual plate 
RPD, or the plate-first group, in which the subjects 
used the lingual plate first and then switched to the 
lingual bar. Two subjects, both belonging to the plate-
first group, dropped out for personal reasons before 
receiving the first denture. Therefore, 14 subjects  
(9 women, 5 men; mean age: 69.0 years; range: 53 to 
81 years) were included in the study.

Experimental Denture Design

An experimental distal-extension RPD was construct-
ed for each subject. Each cobalt-chromium frame-
work incorporated a rigid lingual bar of 4 mm in width 
and 2 mm in maximum thickness, which was placed 
at least 3 mm away from the lingual cervical region of 
the anterior teeth. Wrought wire clasps were sepa-
rately fabricated and welded to each framework.

For all subjects, the lingual plate portion was sepa-
rately fabricated on a duplicate master cast with the 
lingual bar framework. The plate form was waxed up 
so that it covered the lingual cingulum of the inci-
sors and canines. The lingual plate was relieved by 
0.1 mm by placing dental plaster on the cast for all 
gingival margins. The wax plate was invested and 
processed using heat-polymerizing denture resin 
(Acron no. 9, GC). The wax denture with the lingual 
bar was processed to fabricate the RPD on the origi-
nal master cast using the same heat-polymerizing 
denture resin. Polishing and finishing proecedures 
were then carried out following conventional labora-
tory procedures.

Insertion of the First RPD

Next, each patient received the first RPD (bar or 
plate). For the plate-first group, the separately pre-
pared acrylic resin lingual plate was attached to the 
lingual bar RPD in the mouth. Prior to connection, the 
surface of the lingual bar was sandblasted with alu-
minum oxide, and a priming agent was applied (Metal 
Primer II, GC) to accelerate bonding. The plate was 
then connected to the RPD using self-cured acrylic 
resin (Unifast III, GC). All patients were instructed 
to wear their dentures during daytime (except while 
brushing and cleaning), but not during the night. 
Throughout the adaptation period (Fig 1), each patient 
received toothbrushing instructions accompanied by 
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full-mouth ultrasonic debridement (USD) using a  
piezoceramic ultrasonic device (EMS Piezon Master 
600 with PS tips, EMS). The ultrasonic device was set 
to “perio-mode” with water coolant and a power level 
of 5.14–16 The last USD was performed 8 weeks before 
the baseline examination. This calibration period was 
required to exclude the potential influence of incom-
plete denture maintenance by the subjects on the 
scores for the first dentures.

Baseline Examination

At baseline, each patient received another round of 
USD, followed by clinical and microbiologic examina-
tions according to the following protocol.

Clinical examination. The clinical examination in-
cluded assessment of (1) Plaque Index (PI) according 
to Silness and Loe,17 (2) Gingival Index (GI) according 
to Loe and Silness,18 (3) probing pocket depth (PD) 
of the test site using a Williams periodontal probe 
with a 0.5-mm-diameter tip and gentle pressure, and 
(4) tooth mobility (TM) using a Periotest instrument 
(Siemens).19 Each patient was instructed to begin us-
ing the first denture after the baseline examination.

Microbiologic examination. Subgingival plaque  
samples were collected from the periodontal pock-
et of the test site for each subject. Prior to sam-
pling, supragingival plaque around the test site was 
wiped away using sterilized cotton rolls, and saliva 
was gently dried with compressed air. A paper point 
(no. 40, Pierce) was inserted into the sulcus, left in 
place for approximately 30 seconds, and transferred 
to Nunc CryoTubes (Thermo Fisher Scientific). All 
samples were transported by express mail without 
temperature control to the testing facility (BML), 
where the numbers (copy/10 µL) of five main perio
dontal bacteria—Aggregatibacter (Actinobacillus) 
actinomycetemcomitans, Porphyromonas gingivalis, 
Prevotella intermedia, Tannerella forsythia, Treponema 
denticola—were measured using Invader assay.12

Examinations of the First and Second RPDs

Eight weeks after the baseline examination, the same 
clinical and microbiologic examinations were per-
formed again for each patient. To minimize the effect 
of the first RPD, it was necessary to remove micro-
biota using another round of USD before insertion of 
the second RPD. The plate-first group was switched 
to the lingual bar by removing the lingual plate using 
dental cutting carbide burs. The bar-first group was 
switched to the second RPD by attaching the lingual 
plate to the lingual bar RPD. Eight weeks after receipt 
of the second RPD, each patient was recalled, and the 
same examinations were repeated.

Statistical Analysis

Multilevel analyses were performed using the 
Wilcoxon signed rank test for all variables for the 
clinical and microbiologic parameters. Both denture 
effects (bar vs plate) and period effects (first denture 
vs second denture) were investigated as potential 
sources of variation. For all tests, P < .05 was consid-
ered statistically significant.

Results

The mean clinical examination scores of all 14 sub-
jects are shown in Fig 2. No statistically significant 
differences between the bar and plate were found 
regarding PI, GI, and TM. The mean scores of these 
parameters were all within the normal range for peri-
odontally healthy adults. The statistical difference be-
tween the bar and plate was significant only for PD  
(P = .02); the mean PD of 3.4 mm after use of the plate 
was significantly higher than the PD of 2.9 mm after 
use of the bar. In all four clinical examinations, there 
was no significant difference in the mean scores be-
tween the bar and plate within each of the bar-first 
and plate-first groups (data not shown).

USD

*
Baseline exam

*
First exam

*
Second exam

Denture
insertion TBI,

USD
USD

8 wk 8 wk 8 wk

USD

Denture adjustment Calibration First RPD Second RPD

Fig 1    The study design. TBI = toothbrushing instruction; USD = ultrasonic debridement; * = clinical and micro-
biologic examinations.
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The numbers of the five microbial species in all 
subjects at baseline and at the first and second ex-
aminations are shown in Fig 3. All baseline measure-
ments revealed no bacterial colonization, except for 
relatively small numbers of P gingivalis in two sub-
jects. One or more microbial species were detected in 
nine subjects, while three or more species were iden-
tified in three subjects. All three subjects (two from 
the bar-first group and one from the plate-first group) 
revealed decreased numbers at the second examina-
tion. Figure 4 shows box plots of the distribution by 
total microorganisms of the five species.

Discussion 

The mean PD after use of the lingual plate was sig-
nificantly greater than after use of the bar. This sug-
gests that the lingual cervical coverage of the acrylic 
resin plate poses a higher risk of gingival inflamma-
tion of the remaining anterior dentition. The lingual 
plate covering the periodontal sulcus of the anterior 
teeth could mechanically stimulate the gingival tis-
sues as well as promote bacterial colonization in the 
plaque adhered to the denture base.20 However, there 
were no statistically significant differences between 
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Fig 2    Mean (± standard deviation) Plaque Index (PI), Gingival Index (GI), probing depth (PD), and tooth mobility (TM) 
for the bar and plate RPDs. The differences between the bar and plate were not significant except for regarding PD.  
*P = .02.

Fig 3    The numbers (copy/10 µL) of the five microbial species at baseline and at the first and second examinations.  
Pi = P intermedia (P.i.); Pg = P gingivalis; Tf = T forsythia; Td = T denticola; Aa = A actinomycetemcomitans; BL = baseline. 
*FDI tooth-numbering system.  
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the bar and plate in the other clinical parameters. The 
mean GI after use of the bar was insignificantly lower 
than after use of the plate (P = .19), supporting the 
potential detrimental effect of the plate on gingival 
inflammation. Akaltan and Kaynak3 reported that the 
differences in PI and TM between the bar and plate 
were insignificant after 6 weeks of denture use but 
became statistically significant after 30 months. The 
results of the 8-week obsevation in the present study 
are in agreement with those 6-week results, suggest-
ing that patients were able to maintain the periodon-
tal health of anterior dentition equally well with the 
bar and plate for at least 8 weeks after receiving the 
last USD. An observation period of 8 weeks was used 
because the bacterial load usually reverts to its for-
mer level 8 weeks after professional plaque removal.21 

This duration was relatively short for evaluating the 
definitive influence of lingual cervical coverage on the 
periodontal conditions; further long-term studies are 
necessary to establish the appropriate recall period 
for denture wearers.

This study measured the levels of bacterial species 
P gingivalis, T forsythia, and T denticola, which are 
recognized as the main pathogens of periodontal dis-
ease14,15 and are members of the red complex.14,15 In 
addition, P intermedia and A actinomycetemcomitans  
were included because they are commonly detected in 
patients with periodontal disease and are associated 
with localized aggressive periodontitis.14,16 Therefore, 
the risk of periodontal disease was reasonably esti-
mated by the microbiologic analysis in this study.12,22–24 
The results indicated that there were no clear differ-
ences in the numbers of microorganisms between the 
bar and plate. All three subjects who revealed three 
or more bacterial species showed less bacteria at the 
second examination than at the first examination, re-
gardless of whether they were in the plate-first or bar-
first group. The insignificant difference between the 

bar and plate may be partially attributed to the effect 
of the oral hygiene care executed by each patient in 
addition to the professional care provided by the den-
tist. Meticulous oral hygiene could prevent the bac-
terial increase associated with both RPDs. Because 
debridement and hygiene instructions were repeated 
for all subjects at every recall, they were likely to have 
become more effective by the later examinations. 
Although the periodontal parameters indicated that 
coverage of the cervical gingival margin could in-
crease the risk of gingival inflammation, the use of a 
lingual plate did not cause increased accumulation of 
anaerobic bacteria in the periodontal sulcus. Because 
of the small sample size and lack of external validity, 
the power of this study was too weak to detect the 
significant effect of major connectors on the risk of 
periodontal disease in general. Despite such limita-
tions, the results may provide preliminary information 
for further investigation in this field.

An acrylic resin denture is used as an interim pros-
thesis in cases where one or more anterior teeth 
are periodontally involved and new artificial teeth 
may have to be added to the existing denture.25 The 
acrylic resin lingual plate used in this study may be 
more prone to bacterial accumulation in the gingival 
margins than a cast lingual plate due to the relatively 
high water absorbing property of the acrylic resin.26 
Therefore, the experimental conditions of this study 
may have presented a worst-case scenario in terms of 
the hygienic environment. The findings indicate that 
the amount of bacterial colonization did not increase 
following cervical gingival coverage in denture wear-
ers with acceptable oral hygiene. However, the prob-
ing depth, indicative of periodontitis, increased with 
use of the lingual plate. Therefore, the hypothesis that 
an acrylic resin lingual plate covering the gingival 
margins increases the risk of periodontal disease was 
partially supported. 
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Fig 4    Box plots of the mean total bacterial numbers in the bar-
first and plate-first groups. The upper and lower bases of each 
box represent the 25th and 75th percentiles, and the horizontal 
line in each box shows the median. The whiskers represent the 
10th and 90th percentiles. Asterisks indicate an outlier.
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Conclusion

The results suggest that RPDs featuring a lingual plate 
can be used as safely as those featuring a lingual bar 
if oral hygiene instructions and professional care are 
fully implemented before and after denture insertion.

Acknowledgments

This study was supported by Grants-in-Aid from the Ministry of 
Health and Welfare of Japan (H20 Jynkankitou Dental002). The 
authors reported no conflicts of interest related to this study. 

References 

  1. 	 Bergman B. Periodontal reactions related to removable partial 
dentures: A literature review. J Prosthet Dent 1987;58:454–458. 

  2. 	 Yeung AL, Lo EC, Chow TW, Clark RK. Oral health status of 
patients 5-6 years after placement of cobalt-chromium remov-
able partial dentures. J Oral Rehabil 2000;27:183–189. 

  3. 	 Akaltan F, Kaynak D. An evaluation of the effects of two distal 
extension removable partial denture designs on tooth stabili-
zation and periodontal health. J Oral Rehabil 2005;32:823–829. 

  4. 	 Carlsson GE, Hedegard B, Koivumaa KK. Studies in partial 
dental prosthesis. IV. Final results of a 4-year longitudinal in-
vestigation of dentogingivally supported partial dentures. Acta 
Odontol Scand 1965;23:443–472. 

  5. 	 Drake CW, Beck JD. The oral status of elderly removable par-
tial denture wearers. J Oral Rehabil 1993;20:53–60. 

  6. 	 Kratochvil FJ, Davidson PN, Guijt J. Five-year survey of treatment 
with removable partial dentures. Part I. J Prosthet Dent 1982; 
48:237–244. 

  7. 	 Chandler JA, Brudvik JS. Clinical evaluation of patients eight 
to nine years after placement of removable partial dentures.  
J Prosthet Dent 1984;51:736–743. 

  8. 	 Rissin L, House JE, Conway C, Loftus ER, Chauncey HH. Effect 
of age and removable partial dentures on gingivitis and peri-
odontal disease. J Prosthet Dent 1979;42:217–223. 

  9. 	 Bergman B, Hugoson A, Olsson CO. Caries, periodontal and 
prosthetic findings in patients with removable partial dentures: 
A ten-year longitudinal study. J Prosthet Dent 1982;48:506–514. 

10. 	 Beck JD. Methods of assessing risk for periodontitis and de-
veloping multifactorial models. J Periodontol 1994;65:468–478. 

11. 	 Mine K, Fueki K, Igarashi Y. Microbiological risk for periodon-
titis of abutment teeth in patients with removable partial den-
tures. J Oral Rehabil 2009;36:696–702. 

12. 	 Kwiatkowski RW, Lyamichev V, de Arruda M, Neri B. Clinical, 
genetic, and pharmacogenetic applications of the Invader as-
say. Mol Diagn 1999;4:353–364. 

13. 	 Newman MG, Takei HH, Klokkevold PR. Treatment of perio- 
dontal disease. In: Carranza FA (ed). Clinical Periodontology, 
ed 10. St Louis: Saunders Elsevier, 2006:539–560.

14. 	 Socransky SS, Haffajee AD. Dental biofilms: Difficult thera-
peutic targets. Periodontol 2000 2002;28:12–55. 

15. 	 Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent RL Jr. 
Microbial complexes in subgingival plaque. J Clin Periodontol 
1998;25:134–144. 

16. 	 Ezzo PJ, Cutler CW. Microorganisms as risk indicators for peri-
odontal disease. Periodontol 2000 2003;32:24–35. 

17. 	 Silness J, Löe H. Periodontal disease in pregnancy. II. Correlation 
between oral hygiene and periodontal condition. Acta Odontol 
Scand 1964;22:121–135. 

18. 	 Löe H, Silness J. Periodontal disease in pregnancy. I. Prevalence 
and severity. Acta Odontol Scand 1963;21:533–551. 

19. Schulte W, Lukas D. The Periotest method. Int Dent J 1992;42: 
433–440. 

20. 	Coulthwaite L, Verran J. Potential pathogenic aspects of den-
ture plaque. Br J Biomed Sci 2007;64:180–189. 

21. 	 Magnusson I, Lindhe J, Yoneyama T, Liljenberg B. Recolonization 
of a subgingival microbiota following scaling in deep pockets.  
J Clin Periodontol 1984;11:193–207. 

22. 	Haffajee AD, Socransky SS. Microbial etiological agents of de-
structive periodontal diseases. Periodontol 2000 1994;5:78–111. 

23. 	Zambon JJ. Periodontal diseases: Microbial factors. Ann 
Periodontol 1996;1:879–925. 

24. 	 Ximenez-Fyvie LA, Haffajee AD, Socransky SS. Comparison of 
the microbiota of supra- and subgingival plaque in health and 
periodontitis. J Clin Periodontol 2000;27:648–657. 

25. 	 John DJ, Lily TG. Alternative removable partial dentures. In: 
Removable Partial Dentures: A Clinician’s Guide. Hoboken: 
Wiley-Blackwell, 2009:137–170.

26. 	 Minagi S, Miyake Y, Inagaki K, Tsuru H, Suginaka H. 
Hydrophobic interaction in Candida albicans and Candida 
tropicalis adherence to various denture base resin materials. 
Infect Immun 1985;47:11–14. 

Literature Abstract

Public health surveillance of dental pain via Twitter 

This study aimed to evaluate the content of Twitter posts that met a search criteria relating to dental pain. One thousand “tweets” 
were randomly selected from a representative sample collected using the search terms “toothache OR tooth ache OR dental pain 
OR tooth pain.” Seven hundred seventy-two tweets were analyzed after the exclusion of ambiguous tweets, spam, and repeat users. 
The data analysis showed that 83% (n = 640) were general statements of dental pain, 22% (n = 170) regarded action taken or 
contemplated, and 15% (n = 112) were describing impact on daily activities. For the actions taken or contemplated, 44% of tweets  
(n = 74) reported seeing a dentist, 43% (n = 73) took medication (analgesic or antibiotic), and 14% (n = 24) actively sought advice 
from the Twitter community. This study showed that the Twitter community extensively shares health information relating to dental 
pain, which includes actions taken to relieve symptoms and the impact of pain on their daily activities. The authors concluded that 
this new medium may provide a new avenue for dental professionals to disseminate health information.
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