IJOPRD
10.5005/jp-journals-10019-1126
The Detection of BANA Hydrolysis Activity in Abutment Teeth in Patients
with Removable Partial Denture

ORIGINAL RESEARCH

The Detection of BANA Hydrolysis Activity in Abutment
Teeth in Patients with Removable Partial Denture
1

Jigar P Kalaria, 2Birood G Patel, 3Vilas Patel, 4Charu Agrawal

ABSTRACT

INTRODUCTION

Purpose: The aim of this study was to detect the presence
of N-benzyl-Dl-arginase-2-naphthalamide (BANA) microorganisms in chronic periodontitis of abutment teeth in subjects
wearing removable partial dentures (RPDs) by measuring the
red complex using BANA-ZymeTM test.

Periodontal diseases, now recognized as bacterial infections, are among the most common, chronic diseases of
humans, affecting 5 to 30% the adult population in the
age group of 25 to more than 75 years.
Several methods, such as cultural, microscopic examination, immunologic reagents, enzyme activity, and
deoxyribonucleic acid (DNA) probes, could help the
clinician monitor plaques for the presence of periodontal
pathogens in conjunction with clinical parameters.
Evidence has been presented which suggests a specific
bacterial etiology in many forms of periodontal diseases.
The association of a limited number of bacterial species,
i.e. Haemophilus (Actinobacillus) actinomycetemcomitans,
Porphyromonas gingivalis, T(B) forsythia, Wolinella recta
and spirochetes with various forms of periodontal disease
allows for the development of diagnostic tools that are
based upon the detection of one or more of these in
plaque samples.1
The N-benzyl-Dl-arginase-2-naphthalamide (BANA)
test offers the potential to identify plaques that may
harbor Treponema denticola, P. gingivalis and a third
organism, T. forsythus, which has recently been associated
with the progressing periodontal lesion, The BANA test
would then be a simple method of detecting periodontal
anaerobic infections.2
The BANA test is quite effective for the detection of red
complex organisms and is useful in the initial diagnosis of
chronic periodontitis. Loesche proposed the use of BANA
reaction to detect the presence of periodontal pathogens,
and thus serve as a marker of disease activity and also
aid in monitoring periodontal therapy.3
The BANA test has been used in several studies. The
results of the BANA test have been previously compared
with other microbiological techniques, such as enzymelinked immunoabsorbent assay (ELISA) reaction4 and
polymerize chain reaction (PCR).5 However, these studies
compared only the bacterial enzymatic activity with the
presence or absence of the microorganisms. Additionally, it is not clear whether a BANA-positive reaction is
associated with isolated or simultaneous presence of the
red complex species.6
The investigation demonstrated that the ability of subgingival plaque to hydrolyze BANA was significantly associated with (1) elevated numbers of spirochetes present
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59.3 years) with Kennedy class II partially edentulous arch
participated in this study. The microbiological record of red
complex was done by BANA-Zyme kit and clinical parameters,
such as plaque index (PI), gingival index (GI) and probing
depth were recorded at abutment teeth in contact with the direct
retainer of unilaterally designed RPDs and the corresponding
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Results: Mean scores of BANA for the red complex, PI and GI
of the abutment teeth were significantly greater than those of
the nonabutment teeth (p < 0.01). No significant mean difference
in pocket depth (PD) was found between the abutment and
nonabutment teeth. Logistic regression analysis revealed that
abutment teeth, high scores of PI and a maintenance interval
longer than 6 months were significant predictors for positive red
complex scores (p < 0.05).
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nonabutment teeth in RPD wearers.
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in those plaque samples and (2) the clinical diagnosis of
the sampled sites, i.e. diseased sites in untreated patients
and unresponsive sites in treated patients. Conversely,
healthy and responsive sites were almost universally
associated with BANA-negative reactions and harbored
low numbers of spirochetes.7
Removable partial denture (RPD) is a treatment
option for partially edentulous patients. The preservation
of the remaining teeth and periodontal tissue in a state
of health is one of the objectives for RPD. Oral hygiene
is the important for prevent the caries, gingivitis and
periodontitis, on abutment teeth in case of RPD.8-10
There are many studies demonstrated that wearing of
RPDs could increase accumulation of dental plaque11,12
due to the coverage of marginal gingival tissue with RPDs
enhanced accumulation of dental plaque and gingival
inflammation of abutment teeth.13,14
Because of this, maintenance of oral hygiene and
proper plaque control is much important to prevent
adverse effect of deposits. And it is very important to
identify the bacteria to prevent disease progression.
So, the BANA test has been successfully used in several
clinical trials to evaluate changes in the subgingival
microbiota after therapy.15
So, from the above facts, it was found that the BANA
test kit is helpful in providing a rationale for implementing
treatment, and allows the operator to intercept the disease
at a primary level and also indirectly enable the clinician
to monitor sites for the development of active periodontal
disease and even predict future attachment loss.
The aim of this study was to detect the presence
of BANA microorganisms in chronic periodontitis of
abutment teeth in subjects wearing removable partial
dentures (RPDs) by measuring the red complex using
BANA-ZymeTM (oratec corporation manassas, virginia,
USA) test.

MATERIALS AND METHODS
Subjects
Twenty-five subjects participated in this study. The
subjects were recruited from patients seeking treatment
at the Narsinhbhai Patel Dental College and Hospital.
Patients who had a unilateral distal edentulous space
extending from the second premolar or first molar to third
molar and had them replaced with unilaterally designed
RPDs were included in the study. According to a previous
study,16 patients who had received periodontal therapy
or antibiotic therapy in the last 3 months were excluded
from the study. Each subject received a written and oral
description of the experimental procedures, and informed
consent was obtained prior to enrollment in the study.
Each subject had a single RPD in the maxilla or
mandible. Wearing period of RPDs (denture age) ranged
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from 14 to 54 months (mean: 31.2 months). All subjects
had acrylic resin RPDs. The acrylic resin RPDs had a backaction clasp with a mesio-occlusal rest as direct retainer
and an embrasure hook as indirect retainer. The marginal
gingival tissue on the lingual side of abutment teeth was
covered by the major connector in acrylic resin RPDs. A
great majority of the subjects (92%: 23/25) performed
tooth cleaning two or more times daily. The subjects were
receiving oral maintenance care at Narsinhbhai Patel
Dental College and Hospital. The interval from the last
oral maintenance visit to the examination ranged from
5 to 25 months.

Examined Teeth
In each subject, an abutment tooth in contact with the
direct retainer of RPD and the corresponding tooth on the
opposite side of the same arch were selected for examination. Twenty-five second premolars on the edentulous
side in the maxilla or mandible, 50 teeth in total, were
examined by a single examiner. None of the examined
teeth were abutments of a fixed partial denture or connected with adjunct teeth.

Microbiological Examination
Microbiological examination was performed to assess
the red complex using a BANA-ZymeTM test17 (Fig. 1).
Supragingival plaque on the examined teeth was removed
using cotton swab to isolate the examined area prior to
sampling. Subgingival plaque was collected using a probe
in one pocket at distal side of abutment and nonabutment
teeth for each subject. Curette was not used to collect
sample because contamination of blood with collected
plaque affects the results of BANA test. A test strip of
BANA test has two reagent strips on the surface. After the
subgingival plaque specimens were collected and placed
onto the lower reagent strip (Fig. 2), the upper reagent
strip was moistened with distilled water using a cotton
swab (Fig. 3). The reagent upper strip was folded (Fig. 4)
in order to contact the lower reagent, and it was inserted
into a heating block and incubated for 5 minutes at 55°C
(Fig. 5). Naphthylamide liberated from the lower reagent
strip diffused into the upper reagent strip where it reacted
with a dye to form a permanent blue color. Scores were
given based on the color of the strip by visual inspection
(Fig. 6 and Table 1).
When BANA test showed no blue color (score 0), it
indicated that number of bacteria was less than clinically
significant level in all three species of red complex.
When BANA test showed faint blue color (score 1),
number of bacteria was more than clinically significant
level at least in one species of red complex, but less than
high level.
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Fig. 1: N-benzyl-Dl-arginase-2-naphthalamide ZymeTM Kit

Fig. 2: Sample placement on BANA strip

Fig. 3: Upper part of strip is wet with distilled water by
cotton swab

Fig. 4: Fold the strip

Fig. 5: Incubation in processor by putting the strip in the
processor

Fig. 6: Result analysis by visual inspection

When BANA test showed distinct blue (score 2),
number of bacteria was more than the increased level at
least in one species of red complex.
Score 1 and 2 represented that red complex was
present clinically at the examined site. BANA-ZymeTM
test is simple to perform and can provide results within
15 minutes at chairside. In a previous study, BANA-ZymeTM

test, the DNA probes and enzyme-linked immunosorbent
assay procedure exhibited high sensitivity (90–96%) and
high accuracy (83–92%).17
In our preliminary experiment, test-retest of BANAZymeTM test within a 2-week interval was performed by
a single examiner in 25 abutment teeth in 25 patients with
RPDs. The Kappa value was 0.72, indicating that this test
was clinically acceptable.
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Table 1: Interpretation of score for BANA-ZymeTM test
Score
0

1

2

Number of bacteria
P. gingivalis < 1.0 × 106 and
T. denticola < 2.2 ×106 and
T. forsythia < 1.0 ×106
P. gingivalis 1.2 × 106 – 4.4 × 106 or
T. denticola 2.7 × 106 – 1.1 × 106 or
T. forsythia 1.0 × 106 – 1.0 × 106
P. gingivalis > 5.9 × 106 or
T. denticola > 1.6 × 107 or
T. forsythia > 1.0 × 107

Color identified
No blue color

Faint blue color

Distinct blue
color

Clinical Examination
Clinical examination was performed to assess oral
hygiene, gingival inflammation and PD. Plaque index
(PI), gingival index (GI) and pocket depth (PD) were
evaluated at distal side of the abutment and nonabutment
teeth. Plaque index was evaluated before BANA test.
Gingival index and PD was evaluated after BANA test.
The oral hygiene was assessed based on PI according
to criteria by Silness and Loe.18 Gingival inflammation
was assessed as GI according to criteria by Silness and
Loe.19 Probing PD was measured as the distance from the
gingival margin to the bottom of the clinical pocket using
a williams probe inserted with gentle pressure.

Graph 1: Percentage distribution of scores for red complex of
nonabutment teeth (Nonabut, n = 25) and abutment teeth (Abut,
n = 25)

STATISTICAL ANALYSIS
The null hypothesis to be tested in this study would be
that the red complex was detected in equal amounts
on abutment teeth and nonabutment teeth. Difference
in mean scores of red complex, PI, PD and GI between
abutment teeth and nonabutment teeth were tested using
Wilcoxon’s signed rank sum test. A logistic regression
analysis was performed using red complex as an outcome,
and abutment ⁄ nonabutment tooth, clinical parameters
(PI, GI and PD), maintenance interval and denture age
as predictors. In the regression analysis, 0 was given for
score 0 in red complex and 1 for score 1 or 2, and a forward
stepwise method was used for the selection of predictors.
A p-value less than 0.05 was considered significant.
Statistical package for the social sciences (SPSS) 16.0 v
was used for statistical analyses.

Graph 2: Percentage distribution of scores for plaque index of
nonabutment teeth (Nonabut, n = 25) and abutment teeth (Abut,
n = 25)

RESULTS
Figure 1 shows the percentage distribution of scores for
the red complex, PI and GI on nonabutment and abutment
teeth. Higher scores were found more frequently in
abutment teeth compared with nonabutment teeth.
For example, 22 (44%) of 50 abutment teeth and 10
(20%) of 50 nonabutment teeth showed score 2 for red
complex (Graph 1). 18 (36%) of 50 abutment teeth and
8 (16%) of 50 nonabutment teeth showed score 2 for PI
(Graph 2). 25 (50%) of 50 abutment teeth and 18 (36%) of 50
nonabutment teeth showed score 2 or 3 for GI. (Graph 3).
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Graph 3: Percentage distribution of scores for gingival index of
nonabutment teeth (Nonabut, n = 25) and abutment teeth (Abut,
n = 25)
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Table 2: Mean scores and SD of red complex, PI, GI and PD on
nonabutment teeth (n = 25) and abutment teeth (n = 25)
Parameter
Red complex
(BANA)
Plaque index

Tooth
Nonabutment
Abutment
Nonabutment
Abutment
Gingival index
Nonabutment
Abutment
Pocket depth (mm) Nonabutment
Abutment

Mean
0.60
1.00
0.76
1.20
1.12
1.42
2.31
2.43

SD
0.81
0.64
0.49
0.37
0.52
0.88
0.56
0.71

p
0.001
0.002
0.002
0.071

Table 2 shows the mean scores for red complex,
PI, GI and PD on nonabutment teeth and abutment
teeth. The mean scores for red complex, PI and GI on
the abutment teeth were significantly greater than for
the nonabutment teeth (p < 0.01). The PD at the distal
side of all examined teeth were less than 4 mm, and no
significant mean difference was found between abutment
and nonabutment teeth (p = 0.07). The regression
analysis found that abutment teeth, higher score of PI
and a maintenance interval longer than 6 months were
significant predictors for positive red complex scores
(p < 0.05). Gingival index, PD and denture age were not
significant predictors.

DISCUSSION
In this study, patients were receiving oral maintenance
care after denture delivery at Narsinhbhai Patel Dental
College and Hospital. The PD of examined teeth in this
study was less than 4 mm, suggesting that supporting
tissues of the examined teeth had not deteriorated to
the stage of periodontitis and there was no periodontal
examination was performed before denture fabrication,
this study could not provide any evidence of a causeeffect relationship. These limitations should be taken into
consideration while interpreting the results of this study.
N-benzyl-Dl-arginase-2-naphthalamide test was
employed to perform microbiological examination in
this study. Subsequent studies implicated the cultivable
spirochete, T. denticola and B. forsythus as also being
involved in periodontal disease.8-10 Grossi et al20,21 in
an epidemiological investigation involving over 1,300
adults, identified several risk factors for attachment and
alveolar bone loss including the presence of subgingival
P. gingivalis and B. forsythus, as well as smoking.
The BANA test is a simple, inexpensive chairside in
vitro test which can be used in the dental office. The test is
designed to detect the presence of one or more anaerobic
bacteria commonly associated with periodontal disease,
namely, T. denticola, P. gingivalis, and B. forsythus in plaque
samples taken from periodontally diseased teeth. This

information may help the clinician in the choice of an
antimicrobial agent specific for anaerobes in the case of
an individual who presents with advanced periodontal
disease of the severity that usually would require surgical
intervention.
The clinician might also use the presence of these
BANA positive species to monitor the adequacy of
treatment. The BANA test could alert the clinician to the
present of a subclinical/clinical periodontal infection
in smokers, or in individuals at risk to cardiovascular
diseases.
Thus, the preponderance of evidence indicates that
T. denticola, P. gingivalis, and B. forsythus are periodontal
pathogens and because all are anaerobes, it would appear
that periodontal disease is a chronic infection due to the
overgrowth of certain anaerobic members of the plaque
flora. This suggests that the BANA test can be used to
detect in plaque samples the same three anaerobic species
that have been associated with periodontal disease by
investigators who have used DNA probes, cultural
methods and immunological reagents.
The BANA test is based on a modification of the
BANA hydrolysis test of Loesche et al,3,22-24 which in turn
was an adaptation of the trypsin-like enzyme contained
in the API-ZYM kit. The anaerobic bacteria P. (Bacteroides)
gingivalis, B. forsythus and/or T. denticola are unique
in the subgingival flora in that they possess a trypsinlike enzyme which hydrolyzes the synthetic peptide
N-benzyl-Dl-arginase-2-naphthalamide (BANA).3,23,24
Socransky et al and Haffajee et al (1997) in their
extensive study involving over 10,000 plaque samples
taken from over 100 patients, found the BANA positive
species, T. denticola, P. gingivalis, and B. forsythus to have
the highest prevalence and to be present in the highest
levels compared to over 40 other plaque species that were
evaluated by DNA probes.25,26
When the BANA test was compared to DNA probes
and immunological reagents that were highly specific
for these organisms, it detected them in plaque samples
with a level of accuracy that was comparable to the DNA
probes and the immunological reagents; i.e. 89% (BANA)
vs 91.5% (DNA and antibody). The sensitivity of the
BANA test for these bacteria in over 200 samples from
67 patients was 90% (BANA) compared to 92% for the
DNA probes and immunological reagents.27
In a logistic regression model incorporating clinical
parameters and the BANA test, the BANA test along with
mobility, and level of attachment loss were significantly
associated with the clinician’s decision to recommend
periodontal surgery as treatment for that particular
tooth.28
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However, it was not possible to determine presence/
absence and number of specific bacteria in red complex.
Previous studies had indicated that presence of P. gingivalis
and T. forsythia in subgingival plaque represented risk for
attachment loss. N-benzyl-Dl-arginase-2-naphthalamide
test is simple to use in clinical setting and the results can
be obtained in a short time. So, the BANA test is suitable
for this study.19,20
The mean red complex scores at the abutment teeth
in contact with RPDs were significantly greater than for
those at the nonabutment teeth (p < 0.01). Furthermore,
the regression analysis identified abutment teeth, PI
and maintenance interval as significant independent
predictors for positive scores of red complex (p < 0.05).
These results suggested that the microbiological risk for
periodontitis of abutment teeth was greater than that for
nonabutment teeth in RPD wearers, even if the PD indicates
periodontal health. A previous study reported that the
mean red complex score of teeth with periodontitis was
1.22 before treatment, which decreased to 0.52 at 90 days
after surgical treatment.29
In the present study, the mean red complex score of
nonabutment teeth (0.63) was similar to that reported
after surgical treatment in the above study, indicating that
the microbiological risk of nonabutment teeth examined
in the present study was as low as teeth with healthy
periodontium.
Clinical parameters are markers that help to describe
disease or disease progression but they do not provide
information on etiology.30 The present study assessed
the presence of red complex as strongly associated
periodontal pathogens that could be used as both markers
and etiological agents of periodontal disease. It is possible
that the wearing of RPDs increases the risk for periodontal
disease of abutment teeth.
In our preliminary analysis, effect of RPD design on
red complex and clinical parameters were not significant due to small sample size of open type RPDs. Thus,
denture design was not included as predictors in the
regression analysis.
The mean scores for PI at the abutment teeth were
significantly higher than those for nonabutment teeth
(p = 0.002). This finding is in agreement with previous
studies, suggesting that wearing of RPD increases plaque
accumulation at abutment teeth. Dental plaque functions
as a biofilm that facilitates the attachment and aggression
of microorganisms.31 Thus, it is reasonable that PI was
identified as a significant predictor for positive score of
red complex in the regression analysis.
Abutment teeth showed significantly higher mean
scores for PI and GI compared with nonabutment teeth
(p < 0.001). The coverage of marginal gingival tissue may
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be responsible for plaque accumulation and gingival
inflammation of abutment teeth.
As the PD of examined teeth in this study was less
than 4 mm, it seemed that there was minimal alveolar
bone loss.
Many investigators have recommended regular recalls
for oral and denture maintenance, including professional
care and reinforcement of plaque control, to preserve the
periodontal health of abutment teeth in RPD wearers.8-10
In this study, maintenance interval longer than 6 months
was the most critical factor among the significant predictors for presence of red complex (p < 0.05). This result
suggests that regular oral maintenance may reduce the
microbiological risk for periodontitis of abutment teeth
in RPD wearers. Decreasing the proportion of red complex species and the numbers of microorganisms in the
subgingival area of teeth can be considered for infection
control in periodontitis subjects.16
According to this concept, BANA hydrolysis test
is simple method for detecting periodontal anaerobic
bacterial infection, which is successfully used in clinical
trials to evaluate changes in the subgingival microbiota
after any type of treatment like RPDs and evaluate the
risk for oral health.

CONCLUSION
The outcome of BANA test was highly significant in
periodontally diseased abutment tooth of the removable
partial denture. It can be used as a reliable indicator of
BANA positive species in subgingival plaque for patients
of removable partial denture. It is fast chair side kit to
identify the red complex bacteria present in the abutment
teeth of removable partial denture.
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