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ABSTRACT  
Aim of the study Benzoyl-DL-arginine-naphthylamide test (BANA) has been used by many researchers to 
quickly screen the contribution of red complex periodontal pathogens in patients with fixed prosthetics dentures. 
The purpose of this study was to determine periodontal pathogens BANA-positive to patients with fixed 
prosthesis made by cobalt-chromium alloys and nickel-chromium. Material and methods Before applying the 
prosthetic treatment, the score sheet was recorded, probing depths were measured and plaque samples were 
taken for laboratory analysis. Plaque samples were collected from each quadrant from the interproximal area 
between the primary molars and secondary premolars. After were taken the plaque samples for BANA test, were 
measured the depth of periodontal pockets of the selected teeth and plaque scores. The score board was then 
assessed using the index plaque O'Leary. Results and discussions This study found an increase in average of 
pocket depth during prosthetic treatment.The differences were generally small, but significant between visits 3, 
4, and 5 versus baseline.Probing depths and scores plaque were more uniform growth after placing prosthetic 
devices. Also our study showed an increase in scores BANA prosthetic treatment.The scores at visits 2-5 were 
significantly higher than baseline, showing the largest increase in four months from applying of prosthetic 
treatment. BANA test was shown to be an reliable indicator for the presence of three suspected periodontal 
pathogens (red complex): P gingivalis, T denticola, and T forsythia. These bacteria have been linked to common 
forms of periodontal disease in adults. BANA test showed the presence of periodontal pathogens from all 
patients, with variations in the detected levels. Results showed over time statistically significant differences in 
BANA scores to adult patients undergoing prosthetic therapy. Conclusions In this study was detected a 
simultaneous increase of BANA - positive periodontal pathogens - P gingivalis, T denticola, and T forsythia 
during prosthetic treatment especially with Cr-Co alloys. 
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INTRODUCTION 

Fixed prosthesis sometimes obstruct 
plaque removal, maintaining of proper oral 
hygiene and that leads to damage of gingival 
health. They promote specific changes in oral 
environment, including low pH, increased 

plaque accumulation, and increase the 
number of microbes in saliva and biofilms. 
Gingivitis can develop in patients who do not 
establish proper oral hygiene measures and 
can become quite deep in 21 days. A higher 
number of oral microorganisms can not only 
increase the risk of caries and periodontal 
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disease, but also can increase the chances of 
systemic complications [1]. Periodontal 
pathogens which are known to reside in the 
plaque and contribute to periodontal disease 
are three in number namely: Porphyromonas 
gingivalis, Treponema denticola, and 
Tannerella forsythia. These bacteria wich are 
anaerobic periodontal pathogens are able to 
initiate periodontal destruction. In many 
studies, the presence of these bacteria has 
been linked to common forms of adult 
periodontal disease. 

Benzoyl-DL-arginine-naphthylamide test 
(BANA) has been used by many researchers 
to quickly screen the contribution of red 
complex periodontal pathogens in patients 
with fixed prosthetics dentures. Although 
there is some controversy, BANA test is 
accurate and efficient to determine red-
complex bacteria presented in plaque. 
Patients who demonstrate sensitivity to these 
bacteria can be identified and monitored in 
order to evaluate the increase of bacterial 
loadings with BANA test. The purpose of this 
study was to determine periodontal pathogens 
BANA-positive to patients with fixed 
prosthesis made by cobalt-chromium alloys 
and nickel-chromium [2,3].  

 
MATERIAL AND METHODS 
The composition of the study group 

Statistical clinical study was carried out 
during 20011-2013 on a group of 13 patients 
aged 15-46 years, different forms of 
periodontal disease from the early stages 
simple of chronic gingivitis to deep forms of 
chronic periodontitis. 

8 patients received fixed prosthetic therapy 
based on Ni-Cr alloys (nickel-chromium) and 
5 patients had dentures based on Cr-Co 
(Cobalt Chrome). 

Selection criteria included the presence of 
prosthetic treatment without any antibiotic 
treatment in the last 14 days availability for 
data collection in the first 4 months of 

treatment (ie "Visit 2" or "visit 5") and a 
recall visit 30 days after treatment (ie "visit 
6"). 

This study aims to present the importance 
of microbial-enzymatic BANA test in the 
examination and treatment plan development 
of periodontal patient. The study also aims to 
investigate whether there are correlations 
statistically significant between test results 
and severity of periodontal damage. 

Patients undergoing in this clinical study 
agreed that their personal data to be entered 
and processed statistically. 

Patients were examined in terms of 
periodontal status and the data obtained were 
recorded in periodontal clinical record, 
consistent with the model used in 
Periodontology Clinics of Bucharest 
composed by Prof PhD. Dr. H. T. Dumitriu. 
To assess the oral hygiene we used oral 
hygiene index obtained by summing the 
plaque index (PI) with calculus index. 

For the calculation we used a statistical 
determinant special program for statistics in 
the medical field, MedCalc, version 7.3.0.1. 

 
Collecting the plaque sample for 
microbiological analysis  

Before applying the prosthetic treatment, 
the score sheet was recorded, probing depths 
were measured and plaque samples were 
taken for laboratory analysis. Plaque samples 
were collected from each quadrant from the 
interproximal area between the primary 
molars and secondary premolars. 

The results were analyzed 24 hours later 
for reliability. Test criteria were read as 
follows: (1) no observable background color 
denotes a titer of periodontal pathogens with 
insignificant numbers (<10 000 colony 
forming units [CFU]) or a negative record; 
(2) a slightly blue background mean titers 
detectable numbers of periodontal pathogens 
of clinical significance (10 000-99 999 CFU) 
or record weak positive; and (3) a distinct 
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dark blue background means substantial and 
clinically relevant titers (  100 000 CFU) of 
pathogens present in the sample plate or a 
positive record. The above three categories 
were considered negative, weakly positive, or 
positive respectively. 

 
Periodontal evaluation  

After were taken the plaque samples for 
BANA test, were measured the depth of 
periodontal pockets of the selected teeth and 
plaque scores. The score board was then 
assessed using the index plaque O'Leary. 

 
Microbiological analysis 

A subgingival plaque sample is collected 
using a periodontal curette after removal of 
supragingival deposits. Plaque is applied to 
the lower band of the test. At patients with 

periodontal pockets is indicated to collect the 
bacterial plaque from maximum depth of the 
pockets. It is recommended to collect plaque 
samples from four regions of the oral cavity. 

After applying the samples of plaque on 
the lower band, the opposite side, the upper 
will be wet with distilled water. Then the test 
is folded on the perforated line so that the 
upper array overlaps the bottom. 

The test is pressed and place it in incubator 
from 5 minutes at 55 °C. Then carefully the 
test will be opened. If there are microbial 
species mentioned above, the blue color 
appears on the test strip. The higher is 
concentration of microbial species, the blue 
coloration is more intense. Depending on the 
result, the test may be negative, weakly 
positive or positive. 

    
Figure 1. 

Data analysis 
The plaque scores have been measured and 

recorded as a percentage. Probing depths 
were measured and recorded in millimeters 
(mm). BANA test results measured as 
negative, weakly positive or positive were 
converted to 0, 1, and 2, respectively, for data 
analysis. Plaque scores, probing depths, and 
BANA scores were consolidated and 
averaged for all patients at each visit in order 
to determine overall trends between patients 
and lead time. Means, SD, and relative 
frequencies were tabulated. 

The analysis of variance (ANOVA) was 
used to analyze data with a value P  0.05 

considered significant statistically. Test - 
Honestly Significant Difference Tukey (HSD) 
- was used to examine differences between 
patient visits or months. 
 
RESULTS 

ANOVA test showed significant 
differences between patient visits (P <0.001). 
Tukey's HSD test for comparison showed 
average plaque scores significantly higher (± 
SD) for the following four visits (visits 2-5) 
in monitoring the prosthetic treatment (47.92 
± 13.05% 52.23 ± 14.15%; 51.85 ± 13.96%, 
55.15 ± 19.91%) compared to baseline (38.15 
± 14.84%) [P <0.05]. O'Leary plaque index 
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scores for each individual visit to all 13 
patients are shown in Table 1 and 2. ANOVA 
test showed significant differences among 
patients (P <0.001), indicating differences 
between the plaque scores at each and 
between patients. 

ANOVA test showed significant 
differences between visits 6 to P <0.001. 
Tukey HSD test showed a significantly higher 
mean (± SD) in probing depth at visit 3 (2.71 

± 0.65 mm, P <0.05) at visit 4 (2.86 ± 0, 63 
mm, p <0.05), and visit 5 (2.99 ± 0.68 mm, p 
<0.05) than for the starting point (2.45 ± 0.57 
mm).  

Averages for patients probing depths 
ranged from 2.1 mm to 3.3 mm. The depth of 
the individual probing of all 13 patients at 
each visit are shown in Table 3. ANOVA 
revealed no significant differences between 
patients (P = 0.08). 

Table 1. The average plaque score for each patient with fixed prosthetic therapy based on Ni-Cr 
alloys (nickel-chromium) at each visit 

Patient 
number 

plaque score (%) 

Visit 1 (initial time) Visit 2 Visit 3 Visit 4 Visit 5 

1 
2 
3 
4 
5 
6 
7 
8 

38 
23 
33 
50 
58 
24 
27 
63 

40 
43 
30 
51 
74 
36 
41 
61 

39 
62 
34 
68 
72 
31 
56 
52 

48 
45 
34 
79 
53 
38 
37 
66 

50 
43 
33 
72 
65 
42 
60 
58 

Table 2. The average plaque score for each patient with fixed prosthetic therapy based on Cr-
Co alloys (Chromium-Cobalt) at each visit 

Patient 
number 

plaque score (%) 

Visit 1 (initial time) Visit 2 Visit 3 Visit 4 Visit 5 

9 
10 
11 
12 
13 

47 
61 
64 
48 
68 

51 
59 
67 
62 
51 

53 
63 
62 
64 
60 

66 
51 
62 
68 
70 

69 
54 
79 
69 
71 

Table 3. Average of probing depth for each patient with fixed prosthetic therapy based on Ni-Cr 
alloys (Nickel Chromium) at each visit 

Patient 
number 

Probing depth (mm) 
Visit 1 (initial time) Visit 2 Visit 3 Visit 4 Visit 5 

1 
2 
3 
4 
5 
6 
7 
8 

2,60 
2,40 
2,45 
2,40 
2,50 
2,25 
2,56 
2,25 

2,65 
2,35 
2,40 
2,68 
2,40 
2,42 
2,68 
2,50 

2,70 
2,68 
2,45 
2,85 
2,43 
2,80 
2,70 
2,60 

2,90 
2,75 
2,70 
3,00 
2,75 
3,00 
2,90 
2,80 

2,80 
3,00 
2,85 
3,20 
2,80 
3,25 
2,90 
2,95 

The average of the plaque score (a), the depth of probing (b), and the score of DL-benzoyl arginine-
naphthylamide test (BANA) of the patient at each visit (c). 
* Significantly different from baseline (P <0.05) 
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Table 4. Average of probing depth for each patient with fixed prosthetic therapy based on Cr-
Co alloys (Chromium-Cobalt) at each visit 

Patient 
number 

Probing depth (mm) 
Visit 1 (initial time) Visit 2 Visit 3 Visit 4 Visit 5 

9 
10 
11 
12 
13 

2,42 
2,42 
2,19 
2,60 
2,70 

2,60 
2,52 
2,60 
2,70 
2,73 

2,75 
2,58 
2,90 
2,73 
2,74 

2,89 
2,90 
2,89 
2,74 
2,80 

2,95 
3,24 
2,25 
2,75 
2,90 

 
Benzoyl-DL-arginine-naphthylamide test 
(BANA)  

ANOVA test showed a significant 
differences between the six time intervals (P 
<0.001). Tukey HSD test revealed a 
significantly higher average score (± SD) than 
BANA test score at visit 2 (0.63 ± 0.49), visit 

3 (1.04 ± 0.47), visit 4 (1 22 ± 0.47), and visit 
5 (1.39 ± 0.53) during treatment compared to 
baseline (0.35 ± 0.50) [P <0.05]. BANA 
individual test results for each visit are shown 
in Table 5. ANOVA showed significant 
differences between patients (p <0.001), 
indicating variability among patients. 

Table 5. The average score for the benzoyl-DL-arginine-naphthylamida test (BANA) for each 
patient with fixed prosthetic based on Ni-Cr alloys ( Nichel-Crom) at each visit 

Patient 
number 

Score BANA 

Visit 1 (initial time) Visit 2 Visit 3 Visit 4 Visit 5 

1 
2 
3 
4 
5 
6 
7 
8 

0,50 
0,50 
1,00 
0,75 
1,00 
0 
0 
0,50 

0 
1,00 
1,00 
0,75 
0,50 
0 
1,00 
1,00 

1,00 
1,25 
1,00 
2,00 
1,00 
1,00 
1,00 
1,00 

1,00 
1,25 
1,00 
1,50 
1,00 
1,00 
1,00 
1,25 

1,50 
1,25 
1,50 
1,50 
1,00 
1,00 
1,00 
1,50 

Table 6. The average score for the benzoyl-DL-arginine-naphthylamida test (BANA) for each 
patient with fixed prosthetic based on Cr-Co alloys (Chromium-Cobalt) at each visit 

Patient 
number 

Score BANA 

Visit 1 (initial time) Visit 2 Visit 3 Visit 4 Visit 5 

9 
10 
11 
12 
13 

0 
0,50 
0,50 
0 
0,75 

0 
1,00 
1,00 
0,25 
1,00 

0,50 
1,00 
1,25 
0,50 
1,00 

1,25 
1,50 
1,25 
0,75 
1,25 

1,50 
1,25 
1,75 
1,50 
1,50 

 
DISCUSSION 

This study analyzed the periodontal and 
microbiological status of patients undergoing 
prosthetic therapy. Although the main 
purpose of the study was to evaluate the 

microbiological status, plaque scores and 
probing depths in order to assess the 
periodontal health of patients. 

Several studies have investigated the 
effects of fixed prosthesis on periodontal 
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health. These studies have primarily focused 
on the effect of the type of prosthetic 
treatment and on the period of observation 
wich was generally of short duration. Most 
researchers concluded that changes in global 
gingival status determined by prosthetic 
treatment are transient without any permanent 
damage to periodontal tissues. Long-term 
retrospective studies have also reached the 
conclusion that minor damage could be 
attributed to prosthetic treatment [4]. 

The current study found that plaque scores 
increased over time in patients undergoing 
prosthetic therapy whose fixed prosthetic 
treatment contain cobalt chrome. We also 
found that the greatest increase in score board 
held immediately after placement of fixed 
dentures, with a total increase of 17%. There 
are also individual variations were observed 
in the scores of the plaque. However when 
adequate oral hygiene measures are in place 
can be made an optimal hygiene and plaque 
control [5]. 

Also, this study found an increase in 
average of pocket depth during prosthetic 
treatment. 

The differences were generally small, but 
significant between visits 3, 4, and 5 versus 
baseline.Probing depths and scores plaque 
were more uniform growth after placing 
prosthetic devices. Also our study showed an 
increase in scores BANA prosthetic 
treatment. 

The scores at visits 2-5 were significantly 
higher than baseline, showing the largest 
increase in four months from applying of 
prosthetic treatment. BANA test was shown 
to be an reliable indicator for the presence of 
three suspected periodontal pathogens (red 
complex): P gingivalis, T denticola, and T 
forsythia. These bacteria have been linked to 

common forms of periodontal disease in 
adults. BANA test showed the presence of 
periodontal pathogens from all patients, with 
variations in the detected levels. Results 
showed over time statistically significant 
differences in BANA scores to adult patients 
undergoing prosthetic therapy [6]. 

 
CONCLUSIONS 
1. Study shows that BANA results are 

statistically correlated with the severity of 
periodontal damage, not influenced by the 
amount of plaque, but its composition. 
The conclusion of the study support the 
importance of using such microbial-
enzymatic tests for a correct assessment 
of the extent of periodontal damage both 
at the beginning and during periodontal 
treatment.  

2. Present study found that plaque scores 
increased over time in patients 
undergoing prosthetic therapy whose 
fixed prosthesis contain cobalt chrome.  

3. Present study found that the greatest 
increase in score board held immediately 
after placement of fixed prosthesis 
dentures, with a total increase of 17%. 
There are also individual variations 
observed in the scores of the plaque.  

4. However when adequate oral hygiene 
measures are in place that can determine 
an optimal hygiene and an adequate 
plaque control. Also, this study found an 
increase in average of pocket depth at 
patients with  prosthetic treatment. 

5. In this study was also detected a 
simultaneous increase of BANA - 
positive periodontal pathogens - P 
gingivalis, T denticola, and T forsythia 
during prosthetic treatment especially 
with Cr-Co alloys. 
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