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DNA Probe Identification of Bacteria
Colonizing Internal Surfaces of the
Implant-Abutment Interface: A Preliminary

Study

Donald P. Callan,* Charles M. Cobb,! and Karen B. Williams#

Background: Currently, there is limited knowledge concerning
the specific genus and species of bacteria that may colonize inter-
nal surfaces of the Implant-abutrment interface (IAl) of two-stage
dental Implants. The purpose of this study was to use DMA probe
analysis to identify those periodontopathic bacteria that may
inhabit the Internal surfaces and healing abutment screw-threads
of the |Al of dental implants fn sl

Methods: Following ossecintegration, bacterial samples for DMNA
probe analysis were obtained from 54 two-stage hydroxyapatite
plasma spray-coated implants in 32 patients. (sing sterile paper
points, samples were obtained from the 1Al of 43 implants and the
screw-threads of healing abutments in the other 11 implants. DNA
probes were available to detect the following microbes: Aclino-
bacillus actinomycetemcomitans, Tannerella forsythensis, Campy-
Iobacter rectus, Eikenella corrodens, Fusobacterium nucleatiim,
Forphyromonas gingivalis, Prevolella intermedia, and Treponema
denticola.

Results: All samples taken from healing abutment screw-threads
were negative for all target microbes. The aggregate percentage
of positive results for each target microbe for samples from
internal surfaces of the 1Al were: 41.9%, A. actinomycelemoomilans;
60.5%, T. forsythensis; 44.2%, C reclus; 60.5%, E. cormodens; 48.8%,
F. nucteatim; 46.5%, B gingivalis; 55.8%, F inlermedia; and 51.2%,
T. denticola. In addition, no significant differences were noted
between colonization of individual microbial species when compar-
ing anterior to posterior and maxillary to mandibular implant sites.

Conclusions: Moderate to high levels of eight different perio-
dontopathic microbes inhabiting the internal surfaces of the 1Al of
43 two-stage implants in partially edentulous patients were jden-
tified by DMA probe analysis. The microbes colonized these sur-
faces within 25 days following the second stage surgery and
placement of the healing abutment. In contrast, all samples cbtained
from screw-threads of 11 healing abutments were DNA probe
negative. These findings appear to support those of other investi-
gations demonstrating the translocation of bacteria from residual
dentition to implants. J Perfodontol 2005, 76:115-120,
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he physical design of several dental
I implant systerns redquires a two-stage
surgery prior to final restoration. The
wo-stage design dictates insertion of the
implant body at or below (countersink-
ing) the bony alveolar crest, The rationale
far this technique takes into consideration
several factors: prevention of implant inter-
face movemnent during bone healing and
remaodeling; prevention of implant expo-
sure during healing; and enhancement of
emergence profile for implant restorations
at the expense of crestal bone. However,
once the prosthetic abutment is positioned,
a microgap at the implant-abutment inter-
face (IAl) is created that lies in close prosd-
mity to or just below the bony crest. The
presence of the IAl microgap in close
approximation to bone is considered by
several investigators-to have a major role
in peri-implant inflammation and circum-
ferential bone loss. !>
Although the actual significance of the
IAl micragap and its location is some-
what nt:u:lnjE«:l‘l.;ln:nl."5'E studies using canine
experimental models indicate that as much
as 2 mm of crestal bone loss routinely
ocours in two-stage implant systems fol-
lowing placement of the abutrment, thereby
creating an LAl microgap in close approx-
imation to the crestal bone level.'4 In
contrast, minimal bone loss has been
observed when using a non-submerged
single-stage implant systemn,'®
A recent study by Piatelli et al.? exami-
ned the effect of microgap location on
changes in crestal bone levels using a
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monkey model. Their results demonstrated a direct rela-
tionship between |Al microgap approximation to crestal
bone and the amount of crestal bone resorption; i.e., as
the microgap was moved coronally from crestal bone,
the amount of bone loss decreased significantly. Other
studies have demonstrated the possibility of leakage of
proteins into and out of the Al ml::rogagsm and bac-
terial colonization of microgap surfaces.>%10

There are a number of studies suggesting detri-
mental effects of pericdontopathic bacteria on peri-
implant hard and soft Hssue health.!""1* However, there
is limited knowledge available concerning the specific
genus and species of bacteria that may colonize the
internal surfaces of the LAl of two-stage dental implants
in sifu. Thus, the purpose of this preliminary study
was to use DMNA probe analysis to determine if peri-
ocdontopathic bacteria inhabit the internal surfaces
and/or the healing abutment screw-threads of the Al
of two-stage dental Implants in situ.

MATERIALS AND METHODS

Study Population and Implants

The study population consisted of 32 private practice
patients (17 females and 15 males), with an average
age of 55.5 years. One patient was totally edentulous.
Patients were recruited only if they exhibited excellent
periodontal health; collectively, the study participants had
<10% bleeding on probing of sites associated with the
natural teeth. All study participants signed an Informed
consent acknowledging their voluntary participation in
the study and assurance of complete anonymity. Patients
were enrolled from January to Movemnber 2001,

A total of 54 two-stage hydroxyapatite plasma spray-
coated implants from various manufacturers, 24 maxil-
lary and 30 mandibular, were distributed among the
patient population. Teeth were extracted for several rea-
sons including endodontic problems, root fracture, and
accidents. The average time lapse from implant insertion
to the second-stage surgery and placernent of the healing
abutment was 147 days (5 months). Primary soft tissue
closure using bioabsorbable sutures was attained over
each implant at the ime of insertion, and all implants
exhibited clinical and radiographic evidence of complete
ossenintegration without complication. The average lapse
of time from placement of the healing abutment to pro-
curermnent of microbial samples was 25 days. Lastly, all
healing abutments were seated using the torgue-wrench
provided by the implant manufacturers.

Sample Procurement and DMA Probe Analysis

Using sterile paper points provided in the DNA probe
analysis kit,¥ microbial samples were procured from the
internal surface of the IAl of 43 implants and from the
screw-threads of the healing abutment of 11 implants
as follows: the implant site was isolated from saliva con-
tamination by use of sterile 2 x 2 gauze pads; the heal-

116

Viohamee 76 + Mumbar |

ing abutment and surrounding soft tissues were care-
fully decontaminated by gentle scrubbing with sterile
cotton balls soaked ina 10% solution of povidone-lodine;
the healing abutment was then removed and the inter-
nal surface of the implant at the 1Al was circumferan-
tially wiped with the paper point, taking care to not
encroach upon the internal screw-threads that connect
the implant and abutment; and lastly, the healing abut-
ments were wiped with a sterile paper point using a
parallel orientation to the screw-threads.

The samples were submitted to the kit manufacturer's
laboratory for bacterial identification using DA probe
analysis. DMA probes for the following eight putative
periodontopathic bacteria were available; Aclinobacillus
actinomycetemcomitans (A. aclinomycelemcomilans),
Tannerella forsythensis (T, forsythensis), Campylobacler
reclus (C. rectus), Elkenella corrodens (E. cormodens),
Fusobacterium nucleatum (F. nucleatum), Porphy-
romonas gingivalis (P gingivalis), Frevotelia intermedia
(P intermedia), and Treponena denticola (T. dentfcola).

DMA probe analysis microbial pathogen level results
were expressed as either negligible (less than 0.1% of
total or fewer than 107 cells): low (less than 0.1% to
0.9% of total or 107 cells); medium (less than 0.1% to
9.9% of total or 10* cells); or high (more than 10* cells).

Data Analysis

Descriptive data were examined using frequency dis-
tributions, medians, and semi-interquartile ranges for
the putative pericdontopathic bacteria as well as im-
plants with multiple microbial species. In addition, ante-
rior {cuspid to cuspid) versus posterior and maxillary
versus mandibular colonization of individual microbial
species and 1Al with multiple microbial species were
examined using the Mann-Whitney U test.

RESULTS

All microbial samples obtained from screw-threads of the
healing abutment {n=11) were negligible (i.e., less than
0.1% of total or fewer than 10° cells) for the presence of
the bacteria. In contrast, 100% of the samples obtained
from within implant internal surfaces of the [Al (n = 43)
were positive for one or more of the target microbes, The
aggregate percentage of positive results from the DMA
probe analysis for each target microbe for samples taken
from intermal surfaces of the 1Al is shown in Table 1. On
average, approximately one-half of all implants were
positive for each of the microbes, with a low of 41.9% for
A. actinomyjceterncomitans (18 of 43 samples) and a high
of 60.5% for both T. forsythensis and E. corrodens.
Table 1 alsc shows the distribution of periodonto-
pathic bacteria levels by the number of specimens (and
percentage) obtained from internal surfaces of the 1Al as
determined by positive DMA, probe analysis. A consistent
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Table 1.

Distribution of Bacteria by Number (%) of Positive Specimens
Obtained From Internal Surfaces of the 1Al Interface (M = 43)

Callan, Cobb, Willlams

results: none of the microbes
were detected in nine specimens
{21%); 14 specimens {32.5%)
were positive for only one of the
three microbes; six specimens

Aggregate % (14%) were positive for two of

Bacteria Megighle  Low  Medum High  Fositive Samples e three microbes; and all three

A octinormycetemeomitans 25 (58.0) 0 1(7) 15 (349) 419 microbes were detected in 14
) specimens (32.5%).

I forsythensis 17 (395) N 10(233) 13 (302) 05 Table 2 displays the distribu-

. rechis 24 (55.8) (o] 4 (3.3) 15 (343) 447 tion of LAl surfaces positive for

multiple microbial species. Only

E corrodens 17{323 0 13302 13002 &5 23_3% of implant surfaces were

F. udeatum nEL) 0 1 @56  10@33) 4B8 positive for a single microbe,

with approximately 50% having

F: ggivols 2085 W H50), grtiath i four or more of the cultured

P interrmiedia 19¢442)  1@R3 N@58 12079 558 putative periodontopathic bac-

teria. Fourteen percent of the

iy i s Al . o i b 512 internal surfaces of the 1Al were

positive for all eight microbes.

Table 3 shows results for the

Table 1. medians and semi-interquartile (S} ranges for levels of

Distribution of 1Al Internal Surfaces With
Multiple Microbial Species (N =43)

Mumber Fositive Bacterial Spedmens Mumiber (%) of lnplanits

| 10{233)
4(2.3)
8{18.5)
370)
3 (7.0}
4(33)
5(11.8)

[ L = ¥ e o T

& (14.0)

finding across most microbial species was the relatively
high numbers of bacteria on positive implant surfaces,
With the exception of E cormodens, F nucleatum, and
E gingivalis, all other positive implant surfaces had a
greater percentage of high bacterial levels than moderate
bacterial levels. A. aclinomycetemeoomilans levels ranged
from 25 (58.1%) negligible specimens to 15 (34.9%)
specimens exhibiting high levels, with C rectus levels
showing a similar trend. Approximately one-third of all
implants {30.2) had high levels of T. forsythensis, E. cor
rodens, P intermedia, and T denticola.

Given the consistent association of 2 gingivalis, T. den-

ticola, and T. forsythensis with inflammatory periodontal
disease, ! an analysis of the incidence of co-colonization
of these microbes in the 43 samples yielded the following

microbes and totals with multiple microbial species cul-
tured by maxillary/mandibular gradient as well as ante-
rior/pasterior gradient. Although median (31) levels for
the periodontopathic bacteria varied somewhat between
maxiilary and mandibular sites, as well as anterior/pos-
terior sites, the Mann-Whitney { test showed that these
differences were not statistically significant (F =0.05).
The median number of 1Al with multiple microbial species
was similar for maxillary/mandibular sites (3.5 versus
3.0) and for anterior/posterior sites (3.0 versus 3.5).
Meither of these comparisons was statistically significant
(P =0.05).

DISCUSSION

In general, longitudinal studies that evaluate dental
implant success rates show that most failures ooour
within the first 2 years following insertion of the implant
and after attachment of the implant abutment. %% Early
bone loss and implant failure has been attributed to a
variety of factors, such as EILFE%EC&] trauma during inser-
tion,*? acclusal overloading, -22 quality of supporting
bone,2%2} smoking,29242¢ peri-implantitis,*®="?% and
location of the microgap between the 11,1520

In vitro studies have demonstrated leakage of fluids
and penetration of the |Al microgap by bacteria, ™29 In
addition, examination of failed implants by scanning
electron microscopy have demonstrated the presence
of bacteria on 1Al surfaces.? Collectively, these stud-
fes Included 1Al microgaps ranging from <10 pm to
=100 um.272% Thus, it would appear that microgaps
at the 1Al facilitate colonization of bacteria and offer
shelter to the accumulated biofilm that, in turn, may
lead to peri-implant inflammation. When seated accord-
ing to manufacturers' recommendations, as done in the
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Table 3.

Median (SI) Periodontopathic Bacteria
Levels and Total With Multiple Microbial
Species Cultured From Internal Surfaces
of the IAI (N = 43)

Bacteria Madlary Mandibular  Anterior - Posterior
hm@mm 10 (15) -~ 0(1S5) oI5 = uu.;q-
comitns

nﬁnw 05(15) ~20{15) 10(15 2015
€ it 0(15) 0S5y . 0(15)  0(15)
E. conbdens 20{15 20(15- 0(10) - 20(15)
F, nudeatum 2005 000 2000 _:‘._au'.q_j.
P irtghalis . oLy 20(10) 2000 I:!{_t..?}
med’au 20 (1.5) 'mu.s}_' 20(1.5) |.5{|.51
T denticnla, 20{1S) - O(k5) - 1010 - 10(L5)
Total mmple L3525 CIDE7S) 1000 3% {i{i
microbial =

spe:C.l.‘.s

present study, microgaps between the implant and
abutment are generally <10 pm. However, the diameter
of a microbe averages <2.0 pm. Consequently, given
access to the microgap, bacteria can easily penetrate
even the tightest implant-abutment fitting. Further, off-
axis occlusal loading of the implant may increase mar-
ginal opening at the Al and thereby increase the
potential for bacterial penetration and fluid percolation.
A legitimate argument can be made that microgaps at
or near bone level, e.g., two-stage implant systems,
may present a greater risk for peri-implant bone loss
due to bacterial colonization of the internal surfaces of
the [AL

In contrast to bacteria that colonize external surfaces
of implants, those harbored within the 1Al are protected
from host defense mechanisms and may, therefore,
persist for extended periods of time and create an envi-
ronment conducive to recurring peri-implant infec-
tions.?® The present study clearly demonstrated, via
DMA probe analysis, the presence of periodontopathic
microbes on smooth surfaces within the implant at the
1AL In addition, it should be noted that the target
microbes were present, on average, at 25 days fol-
lowing the second-stage surgical exposure and place-
ment of the healing abutment, In spite of the fact that
all study subjects exhibited excellent oral hygiene and
periodontal health. Thus, it would appear that an envi-
ronment is established for microbial-induced peri-
implant inflammation during the second stage surgery
or shortly thereafter.

1a
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Composition of the oral bacterial flora prior to implant
placement appears to dictate compaosition of the peri-
implant bacterial population.®! In this regard, the bac-
terial flora associated with peri-implantitis resembles
that of chronic or refractory periodontitis, e.q.. signifi-
cant levels of gram-negative anaerobic bacteria such
as Fusobacterium spp., Treponema spp., T. forsythen-
sis, P intermedia, and P gingivalis.?'"33 In the present
study, moderate and high levels of eight putative peri-
odontal pathogens were identified in all 43 implants
(Table 2), with approximately 50% of the implants being
positive for four or mere pathogenic microbes, Given
the excellent periodontal health of the study partici-
pants, one must consider that in addition to the normal
tooth-associated microbial flora, secondary reservoirs
such as dorsal tongue surfaces and peri-tonsillar areas
may significantly contribute to colonization of the perio-
dontopathic bacteria. It should be noted, however, that
the mere presence of putative periodontal pathogens
does not indicate a direct etiologic relationship that
may lead to a destructive process but may simply indi-
cate a potential pathogenic environment. 235

The presence of periodontopathic microbes on inter-
nal surfaces of the 1Al s not surprising as several stud-
ies have demonstrated the translocation of bacteria
from residual dentition to implants.?™-38 In addition,
Leonhardt, et al. 3 have reported the presence of puta-
tive perindontopathic microbes around dental implants
in partially edentulous patients as early as one month
after exposure to the oral cavity. The finding of negli-
glble DMA probe results for all 11 samples taken from
the screw-threads of the healing abutments is interest-
ing and seems o Indicate one of two possibilities: suf-
ficient time had not elapsed after placement of the
healing abutment for microblal penetration to the level
of the screw-threads or the healing abutment screw
and internal threads fit so tightly that microbial pene-
tration was not possible.

Savitt et al.** compared DMA probe analysis to bac-
terial cultural methods and reported that probe analy-
sis frequently identified periodontopathic microbes that
were culture-negative. Indeed, DMA probe analysis on
an individual basis produced better correlation betweesn
the presence of a pathogen and clinical evidence of
disease. Baker et al.%! have noted that paper points, as
used in this study, when used to sample periodontal
pockels, altract microbes by capillary action and,
thereby, preferentially select bacteria in crevicular fluid
that are not strongly adherent to epithelium or root sur-
face. The present study used paper points to physi-
cally rub andfor wipe the internal surfaces of the 1Al and
healing abutment screw-threads and did not rely on
the presence of tissue or crevicular fluids, Although this
technique does not assure that all adhering microbes
are sampled, it is likely to achieve a more representa-
tive sampling than simply relying on capillary action.
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This method of sampling could also account for the
fact that all DMA probe analysis positive results were
at either moderate or high levels for the target microbe.

In conclusion, moderate to high levels of eight dif-

ferent periodontopathic microbes inhabiting the internal
surfaces of the |Al of 43 two-stage implants in partially
edentulous patients were identified by DNA probe
analysis. The microbes colonized these surfaces within
25 days following the second-stage surgery and place-
ment of the healing abutment. In contrast, all samples
obtained from screw-threads of 11 healing abutments
were DMA probe negligible. These findings appear to
support those of other investigations demonstrating
the translocation of periodontopathic bacteria from
residual dentition to implants.
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