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ABSTRACT 

Background/purpose – Fimbriated Porphyromonas gingivalis has been shown to 

contribute to periodontitis, atherosclerosis, and arthritis.  While many studies have been 

done on the bacterium itself, there is little information on selectively culturing and 

identifying P. gingivalis from a sulcal swab.  To further the work of establishing a link 

between the bacterium and these health conditions, a selective and repeatable method had 

to be established to detect the presence of fimbriated strains of P. gingivalis.  The present 

study aimed to establish working protocols for identification of P. gingivalis variants in 

sulcal swabs and serve as the launching point for future studies looking into early 

diagnosis and prevention of periodontal disease. 

 

Methods – Although several different methods were in the course of this study, only the 

most effective, selective, and repeatable processes were reported on herewith.  Incubation 

of the paper points in a blood agar media was found to produce detectable levels of P. 
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gingivalis only when incubated for at least 72 hours.  Extraction was performed using 

PureLink® Genomic DNA Kits that used filters as opposed to magnetic beads, and the 

manufacturers protocols were followed for gram-negative bacteria.  The extracted DNA 

was then equalized and prepared for PCR assay using the eight primers detailed in this 

study.  Positive bands were recorded following gel electrophoresis and unanticipated 

results were verified through DNA sequencing. 

 

Results – Through experimentation we were able to establish a successful means of 

detecting the presence of fimbriated P. gingivalis from sulcal swabs, and establish which 

primers are effective in binding to the desired genomes.  Despite the efficacy of these 

protocols, alterations may be required based on the lab personnel’s needs and desired 

outcomes.  

 

Conclusion – The present study establishes an effective method of culturing, extracting 

and identifying fimbriated strains of P. gingivalis from sulcal swabs and frozen samples.  

Future work in understanding the relationship between the bacterium and atherosclerosis 

may now be started, with the hopes of developing preventative drugs or therapies. 

 

Key Words – P. gingivalis, Fimbriae, Primers, PCR, Culture, Atherosclerosis 
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Introduction 
 

 Porphyromonas gingivalis (P. gingivalis or Pg) has, in the past 30 years, been a 

subject of interest regarding periodontitis development and progression.  When the 

bacterial component of periodontitis began to be studied heavily in the late 1980’s, it was 

shown that P. gingivalis is, in fact, a key player in the disease.  It wasn’t long after these 

initial studies were performed that the focus was turned to determining when an 

aquisition of this bacterium took place.  A landmark study performed in 1996 

demonstrated that P. gingivalis was present in a majority of infants from even a few days 

after birth. (McClellan 1996) Subsequent studies have verified those results, although the 

actual percentage of infants with the bacteria was slightly different between them.  The 

next area of focus concerning P. gingivalis was on understanding its mechanisms of 

invasion, proliferation, and immune system avoidance.  During this time, it was shown 

that there were two main subtypes of P. gingivalis; those with fimbriae, and those 

without.  The long fimbriae associated with some of these strains were shown to be the 

main causal factor behind the incredible virulence and activity of the bacteria. (Enersen 

2013) In recent years, more and more studies are finding connections between poor oral 

health and conditions such as heart disease, atherosclerosis, and arthritis.  Because of the 

ability of P. gingivalis to invade host tissues with its fimbriae and potentially circulate 

throughout the body, the connection between these health conditions and the bacterium 

itself has started to be investigated. (Hussain 2015)  

 As is the case with any potential life-altering affliction, early detection is always 

paramount to facilitate proper treatment.  In line with this thinking, it is suggested that the 

connection between atherosclerosis and P. gingivalis can be demonstrated and, if proven, 
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can lead to treatments that would aid in the prevention of heart disease and other related 

ailments.  Given that P. gingivalis is present in detectable levels in even young infants, 

we will in future studies be seeking to demonstrate this connection by measuring the 

width of the tunica intima and tunica media in the arteries of young infants, and then re-

measuring later on to determine if a thickening of the wall had taken place in those who 

had fimbriated P. gingivalis present.  While most infants have some strain of P. 

gingivalis present in the oral cavity, only an estimated 20% percent or less of them have 

sufficient quantity or strains of the bacteria that can lead to gum disease. (Tanner 2002; 

Griffen 1998) There was, therefore, sufficient evidence to suggest that P. gingivalis 

would be easily detectable, even in infants.  However, most of the work being done with 

P. gingivalis in the research community was being done on already identified lab 

samples.  While there were a couple of studies that dealt with the culture of the bacterium 

from saliva, there was not sufficient data to establish a method of culturing, extracting, 

and identifying fimbriated strains in infants.  Therefore, the purpose of this study was to 

generate a repeatable protocol for not only culturing what little bacteria is present in an 

infant’s oral cavity but also developing a method of selectivity for the fimbriated strains 

we were looking for.  Through experimentation, we were successfully able to establish 

such a protocol in infants and adults.  We were also able to identify which primers 

worked and which failed in detecting fimbriated strains of P. gingivalis.  Although many 

different techniques and materials were tried in pursuit of this task, this study is focusing 

only on those protocols which were successful and repeatable. This research will serve as 

the launching point of future studies investigating the link between P. gingivalis and 

many of today’s most common health problems. 
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Materials and Methods 
 

For this study, the focus was directed towards selectivity regarding fimbriated 

strains of P. gingivalis.  The positive control used here was fimbriated P. gingivalis strain 

W50 (Porphyromonas gingivalis (Coykendall et al.) Shah and Collins (ATCC® 

53978™), which was stored at -20℃ before incubation.   

Sampling & Cell Culture 

 One Infant under two years of age, three healthy adults, one adult with the 

beginnings of periodontal disease, and one adult with the advanced periodontal disease 

were sampled according to the following method and will be known further as samples 1 

through 6 respectively.  Two of the samples used in this study were previously used in 

the lab for other projects and were originally collected using the same guidelines 

established for the fresh samples.  On each, four paper points were used to obtain inter-

proximal and sulcal swabs.  Each paper point was held by sterile forceps and inserted in 

the gingival sulcus of the first and second molars on each side of the maxilla and 

mandible.  After a thorough swabbing of the sulcus and inter-proximal regions, the points 

were placed into a round-bottom polypropylene tube containing 5ml of growth media.  

The growth media used in these experiments was an ATCC Medium: Tryptic Soy 

Agar/Broth with 5% Sheep Blood (Bacto Tryptic soy broth, soybean-casein digest 

medium, ref. 211825), per the instructions provided by the ATCC for a successful 

culture.   The Agar/Broth was stored at 4℃ and brought to room temperature before the 

paper points were added.  In the case of this study, the bacterial samples were previously 

frozen and had to be thawed according to standard lab protocol before being added to 

additional growth media. 
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 Once the paper points, or thawed lab samples, were submerged in the growth 

media, the caps were placed back on the tubes, and the tubes were placed vertically into 

the anaerobic growth chamber with a BD GasPak™ EZ Anaerobe Container System with 

Indicator nitrogen packet (REF 260001).  Before the lid was restored to the growth 

chamber, the tube caps were double-checked to verify that they were not snapped in all 

the way.  They were kept loose in the chamber to allow for sufficient displacement of the 

aerobic atmosphere.   

 After preparation of the anaerobic growth chamber and samples, the chamber was 

set on a MAXQ 4000 rocker set to 100rpm and incubated at 37℃ for 72 hours. 

(Condorelli 1998) Based on our experiments, and the experiences of other researchers, it 

was determined that any incubation time under 72 hours is not sufficient to allow P. 

Gingivalis time to grow in any detectable level.  (Boutaga 2003) A careful reading of the 

nitrogen packets supplied instructions is necessary, as they can only provide an anaerobic 

environment for a set amount of time.  The packets used in this experiment were only 

good for 48 hours and thus had to be changed out once during the 72-hour incubation.  

Upon completion of the incubation, the samples were removed from the anaerobic 

chamber and processed immediately.   

DNA Extraction 

 To perform the extraction of the bacterial DNA, PureLink® Genomic DNA Kits 

provided by Invitrogen life technologies were used.  Both the filter and magnetic bead 

kits were used, but the filter kit proved to be far more effective at maintaining the 

structural integrity of the extracted DNA.  It also ended up being a more cost-effective 

alternative to the magnetic bead kits as well, which is also a fact that should be taken into 



 5 

consideration for further use.  The protocols outlined in the user guides provided by the 

manufacturer were followed with exactness, with only three variables that need 

consideration for future repeatability. The first was that 200-proof absolute ethanol was 

used when called for in the lysis phase of extraction, and as the ethanol additive to the 

PureLink® Genomic Wash Buffers.  The second was the volume of PureLink® Genomic 

Elution Buffer used during the first and second elutions.  For our experiments, it was 

determined that 60ml would be adequate. The final variable that needs consideration is 

the incubation time used during the lysis phase for gram-negative bacteria, which we set 

at two hours. 

 When extraction of the DNA was completed, spectrophotometer data of the 

samples were taken to determine the concentration of extracted DNA, and the purity of 

the end solution.  Through the use of the above-outlined extraction method, it was 

determined that all samples contained sufficient purity and DNA concentration for further 

PCR processing.  If the samples were not then immediately processed and run through 

PCR, they were stored at 4℃ until processing could take place.  Although the breakdown 

of the DNA is always a possibility with time, we did not experience any issues with 

storage at these temperatures, even several months down the road.  Spectrophotometer 

analysis of the sample is recommended immediately preceding any PCR processing.  For 

this experiment, the spectrophotometer used was the NanoDropÒ ND-1000 with 2µl of 

the sample.    
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PCR Assay & Gel Electrophoresis 

 To further select for the genes coding for fimbriae specifically, all DNA samples 

were run through PCR with the following primers:   

Table 1.  fimA and positive control primers used in this study. 
 

Primer Sequence (5’ to 3’) Base Pairs 
(bp) 

 
16s rRNA 

 
TGTAGATGACTGATGGTGAAAACC 
ACGTCATCCCCACCTTCCTC 
 

 
197 

fimA† ACGGTCTTTGGGTTCTCGAC 
GCGGATTAAGAGTCGCCGTA 
 

255 

fimA Type I CTGTGTGTTTATGGCAAACTTC 
AACCCCGCTCCCTGTATTCCGA 
 

392 

fimA Type II ACAACTATACTTATGACAATGG 
AACCCCGCTCCCTGTATTCCGA 
 

257 

fimA Type III ATTACACCTACACAGGTGAGGC 
AACCCCGCTCCCTGTATTCCGA 
 

247 

fimA Type IV CTATTCAGGTGCTATTACCCAA 
AACCCCGCTCCCTGTATTCCGA 
 

251 

Pg* AGGAACTCCGATTGCGAAGG 
TCGTTTACTGCGTGGACTACC 
 

108 

Pg fimA† TTGTTGGGACTTGCTGCTCTTG 
TTCGGCTGATTTGATGGCTTCC 
 

210 

* The positive control for P. gingivalis which is not specific to fimbriated strains.   
† Both of these primers bind to different segments of the same gene. 
(Fabrizi 2013) 
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Before the extracted DNA could be used, all samples were equalized to 1ng/µl, 

and prepared for PCR assay according to the following guidelines:  

Per 1 reaction (µl) - 

Buffer Mix (10x +MgCl2):  2.5 
dNTP Mix:  0.5 
Forward Primer:  1.3 
Reverse Primer:  1.3 
FastStart Taq:  0.2 
H2O:  15.6 
 
It is recommended that samples be thoroughly mixed by pipetting to ensure that 

the DNA is fully suspended, and the solution is as homogenous as possible.  Excessive 

vortexing may cause shearing of the DNA.   

 The prepared samples were placed in a BIO-RAD T-100 Thermal Cycler and run 

according to the GENOTYPE protocol at a final volume of 25µl/sample.  The 

GENOTYPE steps of reaction were: 1. 94℃ for 6.00min, 2. 95℃ for .30min, 3. 55℃ 

for .30min, 4. 72℃ for 2min, 5. GO TO step 2 – 34x, 6. 72℃ for 10min, 7. 4℃ for ∞.  

After completion of all PCR cycles, the samples were either run on a gel plate or stored at 

4℃ for later processing.  

 A 1.5% agarose gel slab was prepared and submerged in 1X TAE for 

electrophoresis.  To prepare the samples for gel electrophoresis, 4µl of loading dye was 

added to each sample for a final volume of 29µl.  18µl of PCR product was pipetted into 

each well, and 5µl of a 100bp ladder was used for measuring.  Sufficient measuring of 

the positive bands was found to be achievable by setting the BIO-RAD PowerPac™ 

High-Current Power Supply to 130V and running the samples for 2hrs.  Upon completion 

of the electrophoresis, the gel was taken to the UVP Bioimaging Systems UV White 
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Darkroom, and digital photos were taken.  See figure 1 in the results section for the 

labeled photos. 

PCR Product Purification & DNA Sequencing 

 Because of the peculiar results obtained from the electrophoresis surrounding 

samples 2 and 6, both were purified and sent for DNA sequencing at The University of 

Nebraska Medical Center (UNMC).  The strong individual bands presented by sample 6 

allowed us to run 75µl more of PCR product through column purification.  The non-

specific bands presented by sample 2, however, required that 50µl more of PCR product 

be run through the gel and each band be cut out for further extraction and purification of 

the DNA.  The large initial volumes of PCR product were necessary because of the 

reduction in recovered DNA that often occurs through the purification process. 

 Column purification of sample 2’s PCR product was accomplished using 

Clontech’s CHROMA SPIN™ +TE-100 Spin Columns.  For this experiment, a speed of 

no more than 3,500rpm was calculated and used, based on the centrifuges’ diameter.  

Samples were then tested for DNA concentration via the spectrophotometer and stored at 

4℃ for later use.  To be used by UNMC for DNA sequencing, the samples had to have a 

DNA concentration of approximately 1ng/µl, and contain the forward primer being used 

at a concentration of .64pmol/µl.  Total volume had to equal 20µl.  UNMC’s initial 

instructions were to include both the forward and reverse primers but doing so caused 

excessive interference and results that could not be interpreted.  For this experiment, the 

Pg fimA forward primer was used because the bands that the primer pair produced were 

brighter than its fimA counterpart.   
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 Because sample 2 had three non-specific bands with both the fimA and Pg fimA 

primers, it was determined that each band be processed and sent for sequencing 

separately.  This necessitated a gel purification method which was more laborious but 

yielded an adequate amount of DNA even among the fainter bands.  After 

electrophoresis, the gel slab was placed on a 120V Transilluminator DR-45M UV light so 

that the bands could be seen and cut out of the gel.  Proper protective equipment and 

protocols are necessary to ensure that the preparer is protected from the UV light and that 

the DNA in the gel does not break down from prolonged exposure to UV radiation. 

(SciBytes 2015) After the bands were cut from the gel by a size ten scalpel blade, they 

were collected in 1.5ml microcentrifuge tubes and purified according to manufacturer’s 

instructions.  The gel purification kit used in this experiment was the PureLink™ Quick 

Gel Extraction and PCR Purification Combo Kit.  The manufacturer’s instructions 

outlined in the user guide were followed, and the finished samples were tested by 

spectrophotometer to verify that there was sufficient DNA recovered to have DNA 

sequencing performed. 

 The raw data received after DNA sequencing was processed using the 

chromatogram viewing software, Chromas (Technelysium Pty Ltd). Interpretation of 

these results was fairly uncomplicated for the samples submitted but provided much-

needed insight into the electrophoresis bands.   
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Results 

The positive bands did not initially support our predictions, but later DNA 

analysis revealed why.  The first anomaly was that sample 6, from the individual with the 

advanced periodontal disease, did not show a positive result with any of the four 

genotypes tested. DNA sequencing revealed that this sample contained two isoforms of 

the fimA type II gene, which should have been revealed by PCR.  The second 

complication was the presence of several non-specific bands with the fimA and Pg fimA 

primers for the second sample.  Sample 2 was known to be taken from a young and 

healthy individual with good oral hygiene, so the PCR product was later purified and sent 

for DNA sequencing.  The bands indicating a positive reaction with the primers were as 

follows: 

Table 2.  Summary of PCR product bands presents after gel electrophoresis. 

 

X = positive band 
X = false positive band (proven after DNA sequencing) 

 
  
 
 
 
 

16s Pg fimA Pg fimA fimA  Type I fimA  Type II fimA  Type III fimA  Type IV
1 X
2 X X X
3 X
4 X
5 X
6 X X X

7 (Pg) X X X X
-

Primers

   
   

   
   

  S
am

pl
es
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100bp → 
200bp → 
300bp → 

← 100bp  
← 200bp 
← 300bp 

100bp → 
200bp → 
300bp → 

← 100bp  

← 300bp 
← 200bp 

100bp → 
200bp → 
300bp → 

← 100bp  
← 200bp 
← 300bp 

100bp → 
200bp → 
300bp → 

A A 

B B 

C C 

D 
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Figure 1. Positive bands as indicated by gel electrophoresis; false positive bands 
indicated by the red boxes.  A – fimA primer, B – Pg primer, C – Pg fimA primer, D – 
fimA type IV primer. 
 

Sample 2, which represented a healthy individual, expressed positive bands with 

the fimA and Pg fimA primers.  Sample 6, which represented an individual with advanced 

periodontitis, expressed positive bands with the fimA and Pg fimA primers as well.  

Sample 7, which represent the positive control (strain w50), expressed positive bands 

with the fimA, Pg fimA, and fimA type IV primers. 

 Another interesting result derived from reading the agarose gel plates was that 

none of the samples reacted positively with the 16s rRNA primer.  In the article 

“Distribution of Porphyromonas gingivalis Strains with fimA Genotypes in Periodontitis 

Patients” (Amano 2013), the 16s primer was used as a positive control for all the samples 

run through PCR.  Through our experimentation, we did not have any success with that 

primer and would instead suggest that the general Pg primer is used.  The Pg primer 

reacted positively with all samples except the negative control and appeared to be a good 

indicator for successful DNA extraction, as it detects both fimbriated and non-fimbriated 

strains.  There is, however, the possibility that the primer could bind to non-Pg DNA as 

there are several other bacterial genomes that are similar, as indicated by NCBI’s Primer 

Blast software.  So, while a good indicator of the presence of DNA, other primers are still 

necessary to arrive at a reasonable conclusion of identity. 

DNA sequencing performed on samples 2 and 6 provided answers to the 

questions raised by the peculiar agarose gel results.  The non-specific bands demonstrated 

by sample 2 with the fimA and Pg fimA primers were sampled at three base pair sizes.  

The strongest band was approximately 350bp and was the only band that yielded positive 
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sequencing results.  The two other bands were at approximately 10,000bp and 12,500bp 

and yielded no sequencing results despite there being a satisfactory amount DNA.  The 

350bp band was shown through sequencing to belong to Eubacterium sulci (E. sulci).  A 

literature review of E. sulci revealed that it shares several traits with P. gingivalis 

regarding environmental preference, genome, and contribution to periodontitis, but is 

instead a gram-positive bacterium. (Downes 2001) The sequencing also demonstrated 

that the E. sulci genomic region reacting with the Pg fimA primer was a 95% percent 

match.  The similarity of the genome to the primer was such that false-positive, non-

specific bands were produced. See Fig. 2.  Even though DNA extraction protocols were 

followed for gram-negative bacteria, somehow a positive band was still produced with 

this bacterium.  This would suggest that the level of selectivity for gram-negative bacteria 

during DNA extraction is not high.  While still a point of selectivity, the gram-negative 

protocol for DNA extraction cannot be the sole means of selection.  
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Figure 2. Sample 2 with Pg fimA forward primer.  The bacterial DNA proved to belong 
to Eubacterium sulci, which had a 95% similar genome to the primer and Pg.  
* Nucleotides in red indicate areas where there were no matches. 
 
 Analysis of the sequencing data for sample 6 revealed that there were, in fact, two 

isoforms of type II fimbriated P. gingivalis present; strains KUMC-P4 and KUMC-H1.  

See Fig. 3 for the sequencing results.  The only difference on the tested portion of the 

genome that was detected was on nucleotide 55.  Strain KUMC-P4 had thymine at 

nucleotide 55, while strain KUMC-H1 had an adenine.  This difference in amino acids, 

however, does not affect the codon in this case, as both translate to a Valine. Another 

note about the sample is that it did not show positive bands with the fimA type II primer, 

as would be expected.  This is likely the result of a bad batch of primer, or failure to 

successfully create a working supply. 
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Figure 3.  Sample 6 with Pg fimA forward primer.  Two isoforms of type II fimbriated P. 
gingivalis were present in the sample as indicated by the amino acids highlighted in red. 
Nucleotide 55, as indicated by the blue arrow, shows a double resonance indicating that 
two isoforms were present. 
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The PCR product from both KUMC-P4 and KUMC-H1 occupied the same 

portion of the fimA gene, albeit a small stretch.  See Figure 4.  Given the size and non-

discrimination of the primer, the fact that both amino acids code for the same codon and 

the size of the fimA gene itself, detection of both isoforms outside of DNA analysis 

would not have been possible.  This demonstrates the importance of verifying the results 

even if they seem to already conform to the hypothesis.  As previously stated, the fimA 

gene is large and varied and therefore allows for detection of major and minor variants 

across its entire length. 

 

 
 
Figure 4.  Size comparison of the PCR product with the fimA gene.  The orange-colored 
box labeled “PCR Product” is the location of both strains of type II fimbriated P. 
gingivalis.    
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Discussion 
 
DNA sequencing revealed that, while effective, the process heretofore established 

requires further augmentation to better discover the presence, or lack, of purely P. 

gingivalis DNA with greater certainty.  If detection of the DNA is posing an issue in 

future studies, it is most likely the result of too little bacterial growth in the media.  While 

72 hours was shown in this experiment to be the minimum amount of time necessary to 

obtain detectable levels of DNA, the incubation period could be extended up to ten days 

without fear of interference from other, competing anaerobic strains. (Boutaga 2003) The 

brightness of the band during gel electrophoresis was also determined to correspond to 

the amount of initial DNA present during PCR. (Mättö 1998) As always, a faint band 

may also be the result of too few cycles being run through the thermocycler. 

The other complicating factor that was encountered was the presence of non-

specific bands during several of our gel runs.  These were most likely the result of 

contamination or excess primer binding to other regions of the genome that were at least 

partially similar to the desired section.  The investigation into this phenomenon via Bio-

Rad’s troubleshooting site yielded two potential fixes.  The first of these was to decreases 

the amount of primer added to the PCR mix if initial DNA concentrations were 

determined to be low.  This would prevent the excess primer from binding to non-specific 

sites or form primer dimers, which could be mistaken as positive bands by less 

experienced lab personnel.  The second potential solution is to raise the annealing 

temperature slightly during PCR.  Doing so would result in the primers not being able to 

bind to any, save the strongest, binding sites.  Caution and planning should always 

precede alterations to the PCR protocol, as an annealing temperature too high could 
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prevent the multiplication of any DNA at all.  It is advised that the max annealing 

temperature does not exceed the specific primers’ requirement.  If none of the proposed 

solutions seem to affect the results, DNA sequencing is the surest way to ascertain the 

identity of the bacterium.  

In the case of our study, the difference between strain KUMC-H1 and KUMC-P4 

was not significant enough for the two strains to be genotypically different.  However, 

there are sufficient variations of the fimA gene to yield different genotypes and virulence 

factors.  Of the six types of fimbriated P. gingivalis (I, II, IIb, III, IV, V), only the four 

most prevalent in patients with periodontitis were used.  Type II is the most prevalent 

strain in patients with advanced periodontitis, followed by type IV, Type I, and then the 

other three in small amounts.  P. gingivalis with fimA type II has been shown to be 

especially virulent and invasive. (Nakagawa 2002) The 6bp and 9pb deletions present 

between genotypes, in addition to other variations in the genome, make detection through 

primers possible. (Pan 2017) The primer which proved to be most effective and 

consistent at detecting fimbriated P. gingivalis was the primer labeled ‘Pg fimA.’  

The only other factor which should be reviewed for future experimentation is the 

use of the 16s rRNA primer.  Other studies have used this primer with effectiveness as a 

positive control, but this study was unable to verify those results. (Amano 1999) This is 

most likely the result of poor primer preparation or a bad batch received from the 

manufacturer.  Further investigation is suggested. 
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Conclusion 

Despite the anomalies above, the results were very positive.  We can say with 

certainty that the protocols and methodology established in this work are in fact effective 

at detecting fimbriated P. gingivalis in sulcal swabs.  While we have established a set 

protocol for most steps of the process, troubleshooting and experimentation may still be 

required to yield reliable and repeatable results. Throughout every phase of the project, 

proper aseptic technique and pipetting skills were shown to be essential to a successful 

result.  The methods established in this paper lay the foundation for future work in P. 

gingivalis studies and provides a confident means of determining if the bacterium is 

present.  

 The primary purpose of this study was to establish a successful process for 

detection so that the connection between P. gingivalis and atherosclerosis could be 

investigated in the future.  Of particular interest, is whether or not the presence of P. 

gingivalis in infants could lead to detectable levels of arterial thickening in the tunica 

intima or tunica media.  Preliminary testing, performed by us in a separate project, with 

advanced ultrasound technologies has already shown that determining the thickness of 

the arterial walls, at least with the radial artery at the ventrolateral wrist, is also possible 

and repeatable.  The fimbriae associated with P. gingivalis have also already been shown 

to aid in cell motility and invasion of host tissues, and initial studies have indicated a high 

correlation between periodontitis and other ailments such as atherosclerosis and 

rheumatoid arthritis. (Scher 2013) Further investigation into this connection could result 

in the later development of preventative therapies or medications for some of our most 
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common ailments. This, however, is just one of the many potential avenues that may be 

taken with this research.   
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