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Bacterial Adherence to Guided Tissue
Regeneration Barrier Membranes
Exposed to the Oral Environment
Yen-Ting Chen,* Horn-Lay Wang,* Dennis E. Lopatin,'4 Robert O'Neal,* and
R. Lamont MacNeiV

Microbial colonization of barrier materials used in guided tissue regeneration
(GTR) is known to adversely affect treatment outcomes. The purpose of this study
was to compare the rate at which 11 commonly-occurring oral bacteria species colo-
nize three different barrier materials (collagen, expanded polytetrafluoroethylene, and
polylactic acid). The study group consisted of 10 systemically healthy individuals with
no history of periodontal disease and absence of antimicrobial therapy within the
previous 3 months. In each patient, 4 teeth per quadrant (PI, P2, Ml, M2) were

selected and 3 teeth were randomly assigned as test teeth while the remaining tooth
acted as a control site (i.e., natural colonization of the tooth surface). These teeth were

then randomly assigned to receive one of the three barrier types (i.e., each patient
received 4 barriers of each type, 1 per quadrant). A 2 X 5 mm piece of barrier material
was positioned over the oral surface of the buccal marginal gingiva and secured with
an external sling suture. With oral hygiene procedures suspended, one barrier of each
type was collected at 1, 3, 7, and 14 days. Slot immunoblot assay demonstrated that
all species types (A. actinomycetemcomitans, A. viscosus, B. melaninagenicus, F. nu-

cleatum, P. gingivalis, P. intermedia, S. mutans, S. sanguis, Selenomonas sputigena,
T. denticola, and T. vincentii) were present. Semi-quantitative scoring (scale 0 to 3)
of slot blot results and analysis by chi-square ratio and Pearson correlation test indi-
cated that while total bacteria adherence increased over time (P < 0.05), the 3 barrier
types and the control sites did not differ in numbers or species of colonizing bacteria
detected per time point. These results suggest that under these experimental conditions
the barrier materials tested do not differ in bacteria adherence or antimicrobial prop-
erties. J Periodontol 1997;68:172-179.

Key Words: Membranes, artificial/microbiology; membranes, barrier/microbiology;
guided tissue regeneration; collagen; polylactic acid; polytetrafluoroethylene.

Studies have demonstrated that favorable results can be
achieved utilizing GTR principles and techniques.'-3
Long-term studies using GTR therapy have shown that
probing depth reduction and clinical attachment level gain
can be obtained and maintained up to 5 years.3 Similarly,
encouraging results have also been shown in combining
GTR procedures with dental implant therapy.4-5 However,
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less favorable outcomes occur when acute infections de-
velop requiring early removal of membranes;4-5 in these
cases, osseous defects heal with granulation tissue instead
of bone.5 Hence, postsurgical colonization and infection
of GTR barriers may be a major limiting factor in achiev-
ing successful clinical regeneration.6

Clinically, attempts have been made to prevent expo-
sure of barrier materials to the oral environment. How-
ever, due to a number of problems including unfavorable
dental morphology,7 flap dehiscence,4 gingival recession,8
or incomplete flap closure,9 membrane exposure is a com-

mon sequela during the early healing phase. Exposure
may permit a communication between the oral environ-
ment and newly forming tissues which may increase the
potential for infection of the barrier.8 Studies have dem-
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onstrated that microbes indigenous to the oral cavity fre-
quently colonize GTR membranes10 and that this bacteria
adherence adversely influences the final clinical result."

Currently, limited data are available on either the qual-
itative or quantitative characteristics of the microbiota
that adhere to exposed membranes.10 In an in vitro study
conducted by Wang et al.,12 the adherence of oral micro-
organisms to three different GTR barriers—collagen," ex-

panded polytetrafluoroethylene (ePTFE)11 and polyglactin
910*—was analyzed. Results indicated that certain species
[i.e., Actinomyces viscosus (Av), Actinobacillus actino-
mycetemcomitans (Aa), Porphyromonas gingivalis (Pg),
Streptococcus mutans (Sm), Fusobacterium nucleatum
(Fn), and Selenomonas sputigena (Sel)] display relatively
strong adherence to all membrane types. Among them,
Sm has been reported as a pioneer species in the aggre-
gation of dental plaque,13 while Av, Aa, Pg, Fn and Sel
are species associated with destructive periodontal dis-
ease.14 17 Adherence of these organisms to GTR mem-
branes may facilitate the recurrence of Periodontitis and
supporting alveolar bone loss. Therefore, the purpose of
this study was to examine the ability of 11 commonly-
occurring oral bacteria to adhere to 3 different GTR mem-
branes (collagen, ePTFE, and polylactic acid**) in vivo.

MATERIALS AND METHODS

Membrane Selection
Three different GTR membranes were selected for this
study: collagen, ePTFE, and polylactic acid blended with
citric acid ester (PLA). Collagen and PLA are absorbable
in the bio-environment, whereas ePTFE is nonabsorbable
and bio-inert.

Microorganism Selection and Preparation
Eleven different commonly-occurring oral bacteria spe-
cies were assessed including: Aa serotype b (ATCC: the
American Type Culture Collection 43718), Av (ATCC
15987), Bacteroides melaninogenicus (Bm), Fn, Prevo-
tella intermedia (Pi), Pg, Sel, Sm (ATCC 25175), Strep-
tococcus sanguis (Ss), Treponema denticola (ATCC
35405) (Td), and Treponema vincentii (ATCC 35580)
(Tv). Strains other than those obtained from the ATCC
were cultured from patients with adult Periodontitis. Fol-
lowing cultivation, all bacteria were harvested, washed,
lyophilized, and stored at

—

20°C before further use.

Patient Entry Criteria
A total of 10 healthy subjects, 6 male and 4 female, aged
29 to 33 years (average age = 31) participated in this
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Figure 1. Membranes were secured over the oral surface of the buccal
gingival margin with an external suture. Membranes placed from PI to
Ml were PLA, collagen, and ePTFE. M2 was used as control site. Ab-
sorbable membrane expansion was noted in this day 1 specimen.

study. All subjects were either dental graduate students or
staff members at the University of Michigan. None of the
participants had received antibiotic therapy within the last
3 months. All subjects were assessed as periodontally sta-
ble and healthy with probing depth <4 mm. Oral hygiene
procedures (including toothbrushing, flossing and use of
mouthrinse) were suspended during the experimental pe-
riod. The study protocol was approved by the University
of Michigan and all participants signed an informed con-

sent form.

Experimental Design and Specimen Preparation
All individuals received an oral prophylaxis one day prior
to membrane placement. Membranes were precisely cut
into 2X5 mm rectangular units. Four teeth of each quad-
rant (1st, 2nd premolars, and molars) were randomly as-

signed as the 3 test sites (with one of each type of mem-

brane) and one control site (i.e., natural colonization of
the tooth). Each quadrant was then randomly assigned to
one of the 4 experimental time periods: 1, 3, 7, or 14
days. Thus each subject had 12 membranes placed. Mem-
branes were placed supragingivally to lie over the oral
surface of the buccal gingiva. These supragingival mem-

branes were then stabilized by placing an external sling
suture through the corners of the membrane and around
the lingual surface of the test tooth (Fig. 1).

For each participant at each timepoint, (1, 3, 7, and 14
days), all membranes in a single quadrant were retrieved;
supragingival plaque from the buccal aspect of the control
site in that quadrant was collected using Gracey #11/12
curets. Control plaque samples and the retrieved mem-

branes were placed in cryotubesn containing 0.5 ml PBS

Vangard, Neptune, NJ.
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Table 1. Distribution of Bacterial Adherence Scores

Score
(%) Aa Av Bm Fn Pg Pi Sm Ss Sel Td Tv

0 and 1 73 56 96 92 101 102 107 98 121 111 113
(57) (44) (75) (72) (79) (80) (84) (77) (98) (87) (88)

2 and 3 55 72 32 36 27 26 21 30 7 17 15
(43) (56) (25) (28) (21) (20) (16) (23) (2) (13) (12)

0 = no color development.
1 = faint color development.
2 = substantial color present.
3 = strong color development.
0 and 1 represented none or trace amount of bacterial adherence.
2 and 3 represented substantial amount of bacterial adherence.

(phosphate-buffered saline, 0.05 M sodium phosphate,
0.15 M NaCl [pH 7.4]) and a protease inhibitor cocktail
(0.5% formaldehyde, EDTA 2 mM, phenylmethylsulfonyl
fluoride 1.0 mM, pepstatin A 0.1 mM, and leupeptin 0.5
mg/liter). All samples-were stored at 4°C prior to per-
forming the slot immunoblot assay (SIB).

Slot Immunoblot Assay (SIB)
The SIB was performed as originally described by Van
Poperin and Lopatin.18 Briefly, nitrocellulose mem-
branes» were soaked in TBS (0.05 M NaCl, 10.0 mM Tris
[pH 7.4]) for 30 minutes prior to insertion into a slot blot
manifold II.» Specimens were sonicated85 to disrupt ag-
gregates of plaque particle and 10 µ specimens were ap-
plied to wells of the manifold. The nitrocellulose mem-

branes were then blocked at room temperature for 60 min-
utes in a solution of TBS containing 0.5% non-fat dried
milk.'9 The antibacterial antibodies (1:1000) which had
been previously absorbed with a panel of unrelated bac-
terial species were then applied to the membrane and al-
lowed to incubate for 1 hour at room temperature. Fol-
lowing 3 washes with TBS-Tween (5 minutes each), the
nitrocellulose membranes were incubated for 1 hour at
room temperature with goat anti-rabbit Ig-G conjugated
in alkaline Phosphatase™ (1:1000). Two washes with TBS-
Tween and a final wash with TBS solution were per-
formed (5 minutes for each wash) prior to applying the
BCIP-NBT substrate solution.1™ Following maximum col-
or development, the nitrocellulose membranes were

washed with distilled water and dried.
Scoring was performed visually against graded concen-

trations of pure microorganisms homologous to the spe-
cific antibody used. Total mass of the specimen was es-

timated by its reaction with concanavalin A.18 The follow-
ing scoring system (and the approximate level of bacteria
detected) was employed for the purpose of qualitative de-
scription: 0 = no color development (<5  104); 1 =

»Schleicher & Schuell, Keene, NH.
55Vortex, Springfield, MA.
"Bio-Rad Laboratories, Hercules, CA.
1BKirkeGaard & Perry Laboratories, Gaithersburg, MD.

faint color development (approximately 5 X 104); 2 =

substantial color present (approximately 1 X 105); and 3
= maximal color development (>5 X 105). When em-

ploying a dichotomous variable, scores of 0 and 1 were

considered negative while scores 2 and 3 were considered
positive.

Statistical Analysis
Data regarding membrane collection and bacterial adher-
ence were analyzed statistically. Likelihood ratio chi-
square test was used to assess the effects of membrane
types on bacterial adherence. Pearson correlation analysis
was used to assess the association among tested bacterial
species. The alpha level was set at 0.05.

RESULTS
A total of one hundred and twenty-eight (128) plaque
specimens were collected. At day 1, all membranes and
control site specimens originally placed were retrieved as
scheduled. By day 3, however, four membranes were

"lost" (i.e., absent from the experimental site); including
one ePTFE and three PLA membranes. By day 7, one

ePTFE, two PLA, and seven collagen membranes were

lost. By day 14, one ePTFE, six PLA, and 10 collagen
membranes were not retrievable. One patient at day 14
lost all test membranes; therefore no plaque samples (in-
cluding control site) were collected. Statistical analysis
using likelihood ratio chi-square revealed that membrane
loss increased significantly with increasing exposure time
(P < 0.05). The number of membranes lost at day 7 and
14 was significantly greater than that at day 1, whereas
the number of lost membranes at day 3 was only margin-
ally greater than that at day 1 (P = 0.063). Comparison
among various membrane types indicated that the loss
frequencies of bioabsorbable membranes (collagen and
PLA) were significantly higher than that of nonabsorbable
membranes (ePTFE) (P < 0.05); however, no significant
difference was found between collagen and PLA mem-

branes. Membrane expansion was also noted in all bioab-
sorbable membrane (collagen and PLA) specimens at dif-
ferent time periods.

The results of bacterial adherence at each time point
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were analyzed for treatment effect. No unique bacterial
adherence pattern was noted, although bacterial adherence
to the collagen membrane was greater than to other test
membranes (ePTFE and PLA) and control tooth surfaces
(except P. intermedia). However, when analyzed with
likelihood ratio chi-square test, this difference was not
statistically significant.

Table 1 presents the distribution of slot immunoblot
assay (SIB) scores. Among the 11 test bacterial species,
most of the specimens had negative or only trace amounts
(scores 0 or 1) of bacterial adherence with the exception
of A. actinomycetemcomitans and A. viscosus. Forty-three
percent (43%) of specimens had substantial amounts of
A. actinomycetemcomitans adherence and 56% of speci-
mens showed substantial amounts of A. viscosus adher-
ence (scores 2 or 3). Ninety-eight percent (98%) of spec-
imens had negative or only trace amounts of S. sputigena
adherence. Data analyzed using Pearson correlation test
indicated statistically significant positive associations be-
tween all test species and concanavalin A control (with
each other).

Data concerning bacterial adherence to test barrier ma-
terials at each time point are presented in Figures 2
through 5 (time effect). Associations between membrane
types and bacteria adherence are summarized in Table 2.
Adherence of B. melaninogenicus and P. gingivalis to
collagen membranes significantly increased as exposure
time increased (P < 0.05). With increased exposure time,
the adherence of A. viscosus, B. melaninogenicus, P. gin-
givalis, P. intermedia, and S. sanguis to ePTFE mem-
branes also significantly increased (P < 0.05). In addition,
A. viscosus, S. mutans, S. sanguis, and T. denticola
showed significantly increased adherence to PLA mem-
branes over time. Overall, as the exposure time increased,
all test species with the exception of A. actinomycetem-
comitans were associated with significantly increased ad-
herence.

DISCUSSION
The purpose of this study was to determine the potential
for a panel of orally-occurring bacteria to colonize 3 com-

mercially available GTR barrier materials. The supragin-
gival "model" presented here does not reproduce the
complex environmental conditions which influence bar-
riers placed surgically beneath gingival tissues. This sub-
gingival environment is complex and presents a multitude
of physical, immunologie, nutrient, and other conditions
which are unique from the supragingival milieu. Our ob-
jective in using this model was to minimize these "sub-
gingival" variables and to determine the pattern of bac-
terial colonization of barriers which are totally exposed
within the oral cavity and thus largely unaffected by sub-
gingival conditions or forces. As such, the information
presented here may be considered intermediate between
data derived from studies where barrier colonization was

2.5  

CH Av Sm Ss
a. Gram (+) species and carbohydrate

2T

.

Spirochetes
 1 day  3 days
 7 days O 14 days

Figure 2. Bacterial adherence to tooth surface (control sites).

studied using in vitro methods or analyzed following re-

trieval of barriers used in traditional clinical situations.
A relatively high proportion of GTR barriers become

exposed to the oral environment following subgingival
surgical placement.8 20 Previous reports indicate that 70%
of GTR treated cases may experience membrane expo-
sure8-20 with subsequent bacterial colonization of exposed
membrane surfaces. Results of the present study suggest
that both bioabsorbable and nonabsorbable materials will
become colonized by a variety of bacterial types when
totally exposed to the supragingival environment. Gram-
negative bacterial species (i.e., S. mutans and S. sanguis),
and Gram-positive species (i.e., A. actinomycetemcomi-
tans, B. melaninogenicus, F. nucleatum, P. intermedia, P.
gingivalis, T. denticola, and T. vincentii) associated with
periodontal diseases were found to adhere to all 3 test
GTR materials. These findings are in agreement with a

previous report by Mombelli et al. wherein putative peri-
odontal pathogens were cultured from retrieved GTR bar-
riers10; in that study, Gram-negative, anaerobic rods were
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b. Gram (-) species
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c. Spirochetes

 1 day  3 days

Figure 3. Bacterial adherence to collagen membranes.

found in all samples comprising 31% of all organisms
cultivated.

Results presented here also suggest that certain bacte-
rial types may preferentially colonize GTR membranes.
A. actinomycetemcomitans and A. viscosus were the pre-
dominant colonizing species detected on test materials
while other species; e.g., S. sputigena, were detected less
frequently. These findings are consistent with a previous
study conducted by our group in which bacterial adher-
ence to GTR membranes was determined using in vitro
methods.12 In that study, we reported that A. actinomy-
cetemcomitans and A. viscosus were among the 6 most
strongly adherent microbial species, whereas S. sputigena
had the lowest adherence capability. In contrast, Guille-
min et al.,20 using scanning electron microscopy (SEM),
failed to find any clear pattern of microbial colonization
on ePTFE barriers retrieved from subgingival therapeutic
sites. These differences in research findings may be at-
tributable to the varying methodologies used in individual
studies examining membrane colonization. For example,

OH Av Sm Ss
a. Gram (+) species and carbohydrate

2.5  

Aa Bm Fn Pg Pi Sel
b. Gram (-) species

1.4  

Td Tv
c. Spirochetes

 1 day  3 days
 7 days  14 days

Figure 4. Bacterial adherence to ePTFE membranes.

results may differ widely depending upon whether in vitro
or in vivo experimental conditions are employed or sim-
ulated; barriers are placed subgingivally or supragingi-
vally; barriers are exposed to oral conditions for varying
time periods; and whether microbial analysis/quantitation
is conducted using culture, DNA probes, or microscopic
techniques. The slot-immunoblot used in this study pro-
vides a reliable yet only semi-quantitative analysis of 11
selected microbial species. Furthermore, these results
must be considered relative to the model used here in
which membrane colonization may occur independent of
subgingival immunologie defense mechanisms.

The extent to which bacterial colonization of GTR ma-

terials compromises successful therapy remains ill-de-
fined, but evidence is emerging that microbial coloniza-
tion is an unwanted sequela following membrane place-
ment. The presence of bacterial plaque on retrieved GTR
barriers has been associated with suboptimal clinical out-
comes.611'21'22 Selvig et al. reported an inverse correlation
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2.5  
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m 7 days  14 days

Figure 5. Bacterial adherence to polylactic acid (PLA) membranes.

between the extent of membrane contamination and gain
in clinical probing attachment levels.6 Nowzari et al."
demonstrated that sites where retrieved membranes had
higher levels of recovered microorganisms (>108) exhib-
ited loss or only small gains in attachment, whereas sites
with membranes harboring fewer microorganisms (<108)
had a gain in probing attachment. Specific bacterial types/
species have also been suggested to be detrimental to re-

generative tissue formation. For example, membranes

Table 2. Time Effect of Membrane Types on Bacterial Adherence

with high levels of black-pigmented anaerobic rods have
been associated with sites exhibiting attachment loss"
while Aa negative sites have been correlated with attach-
ment gain.21 Results from the present study indicate that
Aa has a strong affinity for the 3 common GTR mem-

branes tested here. The frequency by which Aa was de-
tected in this study may reflect upon the relatively young
age of the study participants (average age = 31) where
Aa may be more prevalent versus older groups;23 whether
Aa would have a similar potential to affect partially sub-
merged membranes in older patients remains to be deter-
mined.

The frequent identification of A. viscosus in orally-ex-
posed barriers raises the question whether root surfaces
unsuccesfully treated by GTR barrier therapy (i.e., ab-
sence of new tissue attachment) may be at increased risk
for root caries subsequent to this treatment. A. viscosus is
a normal component of the oral flora and may play an

etiological role in the pathogenesis of human root surface
caries.24 If A. viscosus preferentially adheres to and col-
onizes GTR materials, it is possible that these materials
may provide a portal of entry for this microbe to the
gingival crevice/pocket and root surface. Conversely, it is
also possible that upon removal or degradation of GTR
materials, the subgingival environment converts back to
its original microbial profile. Obviously, further studies
are required to determine if species exhibiting increased
barrier adherence persist or proliferate subgingivally fol-
lowing barrier removal.

Participants in the present study refrained from con-

ventional oral hygiene procedures during the study period
and did not receive systemic antibiotics or antimicrobial
mouthrinses. These directives obviously depart from the
postsurgical regimen which typically follows surgical
GTR barrier placement. However, this protocol allows a

rather unique determination of the ability of oral bacteria
to colonize GTR materials independent of mechanical or

chemical plaque control. In addition, the benefits of using
systemic antibiotics subsequent to GTR therapy have not
been clearly demonstrated. Demolon et al., using paper
point specimen collection and DNA probe bacterial de-
tection, have reported that the total bacterial load at test
sites over time increased similarly for patients with or

without post-therapy antibiotics;25 it was concluded that

Membrane CH Aa Av Bm Fn Pg Pi Sm Ss Sel Td Tv

Control *

Collagen * « '

ePXPE t t · r t » t *

PLA · t t 1
All membranes ' t t t t

*Marginally significant (P = 0.06) from baseline.
'Statistically significantly different from baseline (P < 0.05).
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once a membrane is placed, the amount of attached bac-
teria in barrier treated sites increases over time indepen-
dent of use of adjunctive antibiotics.25-26 Under the con-
ditions of this present study, bacterial adherence also in-
creased with time (i.e., up to 14 days for the adherence
to control sites, ePTFE, and PLA membranes; up to 7
days for control sites and all test membranes). A similar
pattern of bacterial adherence has been reported in vitro.12
Therefore, it appears that a clinical dilemma exists in
GTR therapy; i.e., bacterial colonization of exposed mem-
branes can be anticipated, yet antimicrobial therapy may
have marginal effects on this process.25-26 These findings
emphasize the need to achieve initial and sustained tissue
coverage over GTR membrane sites.

Our results indicate that bioabsorbablë (e.g., collage-
nous) barriers possess a potential similar to nonabsorbable
membranes for microbial colonization. An important is-
sue to consider is whether premature oral exposure of
absorbable barriers, especially those composed of colla-
gen, may hasten membrane degradation and compromise
regenerative tissue formation. For example, colonization
of collagen-based barriers by bacterial types which pro-
duce proteolytic enzymes may accelerate membrane dis-
solution and prematurely reduce the occlusive properties
of these particular materials.22 Wang et al., studying bac-
terial adherence to and degradation of membranes in
vitro, have reported that P. gingivalis possesses relatively
high collagenolytic activity versus other tested species.12
As suggested by Mayrand and Grenier,27 collagenolytic
activity could be either the result of combined activities
of a specific collagenase (P. gingivalis) and/or nonspecific
proteases (B. melaninogenicus, A. actinomycetemcomi-
tans, F. nucleatum, etc.). In addition, the process of col-
lagen degradation could be enhanced intraorally by sali-
vary enzymes, mechanical trauma, and/or by collagenase
known to be secreted by epithelial cells.28 While these
degradative forces do exist subgingivally, it is reasonable
to expect that the collective action of bacterial and host-
derived degradative enzymes increases as membranes
gain exposure to the oral environment. As a large pro-
portion of membranes become exposed over time8-10-20 and
bacterial adherence increases with exposure time (as dem-
onstrated here), bacterial degradation of absorbable mem-

branes likely represents a significant clinical problem in
GTR therapy.

Limitations of this study included the inability to quan-
tify specific bacterial species. Slot immunoblot assay is a

versatile, rapid, sensitive, reproducible, permanent, and
relatively inexpensive technique to detect specific bacte-
ria.18 As shown in this study, the relative quantity of each
microbial species was determined by visual scoring; how-
ever, no definitive comparison can be made among spe-
cies using these scoring criteria and more stringent in-
vestigations are required to verify the composition of each
adherent plaque sample. Another limitation of this study

is the possibility of false-positive reactions due to cross-

reactivity of antibodies; however, the antibodies used in
this study are known to have very limited cross-reactivity
to other antigens (unpublished data).1-29-30

In summary, all test bacteria used in this study adhere
to GTR membranes in the oral environment. Adherence
increases as membrane exposure time increases. No dif-
ferences in bacterial adherence, whether considering total
numbers or species types, were noted among the three
barrier types. It therefore appears that sustained gingival
coverage of barrier materials should be a primary treat-
ment objective during GTR therapy.
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