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Bacterial adherence to silk and expanded polytatrafluorethilene sutures:
an in vivo human study
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After oral surgery, bacterial adhesion to suture can cause surgical site infections and delay wound
healing. Microbial adherence to the suture is influenced by its physical configuration and chemical
structure. The aim of this study was to compare in vivo the bacterial adhesion to two suture materials
used in oral surgery: silk and monofilament expanded polytetrafluoethilene (e-PTFE). After sinus lift
surgery, 15 flaps were sutured with silk (nonabsorbable, organic, braided, 4.0) and 15 were sutured with
e-PTFE (nonabsorbable, synthetic, monofilament, 4.0). Seven days after surgery, bacterial adherence, in
terms of percentage of the surface covered, was evaluated for each suture material by scanning electron
microscope (SEM). Onto silk suture, plaque consisted of a few cocci and a higher proportion of rods
and filamentous-shaped bacteria, with some mineralized plaque. Onto e-PTFE speciments, only small
colonies of a few cocci or no bacteria were observed, with empty spaces between the colonies and no
plaque mineralization. The surface covered by bacteria on e-PTFE specimens was significantly lower
than that of silk sutures. (22.1% +4.96% vs 54.3% = 7.9%; P =0.0001). The results of the present study
suggest that multifilament structure of silk favours a greater bacterial adherence, proliferation, and

persistence, so monofilament and e- PTFE suture should be preferred in oral surgery.

There are numerous suture materials for use in the
oral environment, with different compositions. Many
of these sutures elicit an inflammatory reaction, that
can also delay the surgical healing. The biological
response to suture materials has been studied in
animals, implanting suture materials subcutaneously,
intramuscularly or in the abdominal wall, both in
aseptic and septic conditions (1,2). The results of these
investigations suggested that monofilamented sutures
evoke a less-intense reaction than multifilamented
sutures (3) and absorbable sutures produced more
tissue reaction than nonabsorbable sutures (4).

But the oral environment is unique since it is
humid and infected. These factors enhance the
likelihood of bacterial migration along the suture into
the tissues. Tissue reactions to suture materials in
the oral cavity have been studied, but the factual
information appears to be incomplete and conflicting
(5). Castelli et al. observed that the inflammatory
reaction to silk was more intense in mucosa than in
gingiva at first 4 days, being similar at later periods.
Monofilament materials are associated with less
severe tissue response tha multifilament materials
(6,7). Racey et al. compared silk, polyglactin 910
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and plain catgut in human oral tissues (8). After 7
days, silk and polyglactin 910 produced a moderate
and similar inflammation, but plain catgut induced a
more severe reaction.

Leknes et al. compared silk (nonabsorbable,
organic, braided material), catgut (absorbable organic
monofilament), expanded polytetrafluorethilene
(e-PTFE, nonabsorbable, synthetic, monofilament)
and polyglactin 910 (absorbable synthetic, undyed
braided material), in an experimental canine model
(9). After 14 days, the observations in light micorscopy
showed that silk speciments had bacterial plaque
perisuturally as well as betwwen the threads, with a
dense inflammatory response. The gut sutures were
lost or absorbed. The e-PTFE sutures showed limited
inflammatory reaction and polyglactin 910 was intact,
but some cellular invasion was noticed (10).

Braided sutures seem to conduct bacterial
migration to a greater extent than monofilament
sutures, and the presence of immobile bacteria inside
the multifilament suture hinders the cellular and
immunological defense against them (11).

The purpose of this study was to compare in vivo
the bacterial adhesion of two suture materials used
in oral surgery: silk and monofilamented expanded
polytetrafluoethilene (e-PTFE).

MATERIALS AND METHODS

The suture material of thirty patients submitted to oral
surgical procedures were evaluated. The surgical wounds
of fifteen patients were sutured with nonabsorbable

A.SCARANO ET AL.

organic material: silk (black braided silk, 4.0, cutting
needle FS-2, Ethicon), and fifteen were sutured with
expanded polytetrafluoethilene (e-PTFE) (nonabsorbable
synthetic monofilament, reverse cutting needle RT-18, 31).
All patients were treated in the Outpatient Department of
Oral Implantology, Center for Advanced Studies, Dental
Research Division, UNINGA—Cachoeiro de Itapemirim,
Brazil. The patients underwent sinus lifting with a surgical
protocol has been published previously (12). During
operative surgeon all operators wears the surgical mask
(13) and after each surgical procedure we have sanitized
the environment with a recently published protocol (14).
The sutures were removed after seven days. All suture has
diameter to 4.0. The bacterial adherence was calculated
for each suture material by scanning electron microscope
(SEM) (Fig. 1).

Prefixation

Prefixation took place for 20 h at 4° C in a 5 ml of
glutaraldehyde at 2% in 0.05M phosphate buffer pH 7.4,
366 mOsm. The washing was made in 0.1M phosphate
buffer with 0.15M of sucrose to ensure the osmolarity
remained at about 360 mOsm. Following prefixation
the specimens were treated with OTOTO method of
post fixation as MALIK-WILSON involving repeated
exposure to osmium tetroxide and thiocarbohydrazide as
follows:
* 1% OsO4 in phosphate buffer for 2h,
¢ six washes in distilled water for 15 minutes,
e incubation in 1% of thiocarbohydrazide solution,

e six washes in distilled water for 15 minutes,
e 1% OsO4 in distilled water for 2h,

Fig. 1. A): Scanning electron microscopy images of suture removed after seven days. Numerous cocci or filamentous
bacteria covers the silk suture surface; B): A few numbers of bacteria cover the e-PTFE suture removed after seven days.
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e six washes in distilled water for 15 minutes,

* incubation in 1% of thiocarbohydrazide solution,

e six washes in distilled water for 15 minutes,

¢ 1% OsO4 in distilled water for 2h,

¢ six washes in distilled water for 15 minutes,

e dehydration using graded alcohol series,

e Critical Point Dried from liquid CO2 in an Emitech K
850 (Emitech Ltd. Ashford, Kent, UK) critical point
drier,

*  mounted onto aluminium specimens holders using
carbon adhesive discs, and

*  lightly coated with gold in an Emitech K 550 (Emitech
Ltd. Ashford, Kent,UK) sputter coater.

All specimens were examined and photographed using
SEM (LEO 435Vp Cambridge, UK) operating at 15-20
kV. Quantitation of the percentage of the surface covered
by bacteria was done on the JPEG images using a personal
computer associated with a dedicate software package with
image-capturing capabilities. Ten areas of 200 um along
the suture were evaluated for each suture and an image in
JPEG format was created. The identification of bacterial
cells was based on the morphological characteristics as
the protocol used in a previous research (15).

Statistical Evaluation

The data means were recorded and analyzed by the
software package GraphPad 8 (Prism, San Diego CA-
USA). The differences in the percentages of surface
covered by bacteria in the two groups were evaluated
with the unpaired t-Student test. The percentage of suture
surface covered by bacteria was expressed as a mean = SD.

The descriptive statistic included interquartile percentage
and 95% confidence intervals. Statistically significant
differences were set at P <0.05.

RESULTS

Silk suture

The all-multifilament silk sutures appeared
with typical braided structure and its intrinsically
unstructured conformation in aqueous solution and
in some field appeared self-assemble into nanofibrils.
The largest presence of bacterial, extracellular
polysaccharides and cellular detritus to be contained
a biofilm on the silk suture were observed. The
adhesion of the bacterial were low to the silk group
and consisting of a few cocci and a higher proportion
of rods and filamentous-shaped bacteria. A thin,
regular layer of cocci was found in many areas of the
surface. Salivary proteins, in contact with the suture
surface, were found in a large portion of the surface
of e-EPTFE. Some mineralized plaque was noted
on most specimen. The area covered by bacteria was
54.3% + 7.9% (Table I).

Expanded polytatrafluorethilene sutures

EPTFE sutures appeared as typical microporous
monofilament structure. The scanning electron
microscopic study showed the differences in bacterial
colonization between silk and e-EPTE types of
suture material. Inmany areas no bacteria or salivary
proteins were observed. In other areas, only small

Table 1. Summary of the surface covered by bacteria (%) of silk sutures vs. EPTFE sutures. A significant difference was

present between the study groups. (p<0.01. t-Student Test).

Surface covered by bacteria (%)

Silk sutures EPTFE sutures

Mean

Standard deviation

959% Confidence Interval
Interquartile Range

54.30% 22.10%
+7.9% +4.96%
(48.34- 60.26) (18.36-25.84)
(46.4-62.2)  (17.14-27.06)

Unpaired t-Student

Difference between means + SEM
95% confidence interval

R2 (eta squared)

p value

(-32,20 + 3,109)
(-38,73 to -25,67)
0.8563

P<0.01 t=10.36, df=18
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colonies of a few cocci were found. In the major
portion of the disk surface, empty spaces between
the colonies of bacteria were present. Polymorphous
aggregates of bacteria were present, consisting
mainly in cocci and short rods. No calcification of
the bacteria was present. The surface covered by
bacteria was 22.1% +4.96% (Table I).

Statistical Evaluation

The specimen surface covered by bacteria on
e-PTEF specimens was significantly lower than that
of silk sutures. (P =0.0001) (Fig. 2).

DISCUSSION

The outcomes of the present study have shown
that statistically significant difference exist in
bacterial adhesion between silk suture and e-PTFE
suture surfaces. Primary soft tissue closure is a
required condition for the success of oral surgery
procedures for minimizes postoperative discomfort
and reduction soft tissue dehiscence (16). Surgical
site infections (SSIs) are common complications that
occur after oral surgery and microbial adherence to
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Fig. 2. Comparative evaluation of the surface covered
by bacteria (%) between silk sutures vs. EPTFE sutures
(p<0.01 t-Student Test).
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the suture is a main cause (17). Bacterial adhesion
onto suture is related the structure and chemical
composition of the suture material. This bacterial
adhesion cannot be eradicated by chemical or
biologic agents, or other mechanisms of wound
decontamination. Silk suture as extensively used
in oral surgery for its easy manipulation and knot
security and is preferred to monofilament suture.
However, many studies reported that multifilament
sutures favor bacterial adherence and can cause
severe wound infections (18-20). In fact, in oral
cavity there are a larger number of bacteria can cause
wounds infection with delayed healing.

Several previous studies have examined the
bacterial adherence properties of sutures and have
showed that adherence of bacteria to suture was
directly correlates to the ability to cause a wound
infection (21, 22). The selection of surgical suture
is very important in oral and implant surgery. Our
results confirm that the physical configuration played
arelatively important role in surg bacterial. However
also the chemical structure of the suture was found
to be the important factor for biofilm formation (21,
23) and vary coating was developed for reduction of
bacterial adhesion (18, 24-26).

The results of the present study suggest that
the structure of silk suture provide a hospitable
niche for bacterial growth and proliferation. The
microorganisms present in site of multifilament are
resistant to immune response, antimicrobial therapy
and can produce a biofilm, thus allowing microbial
persistence. In conclusion, based on the results, the
structure of suture influences the bacterial adhesion
and strongly indicate that, whenever possible, the first
choice of suture should be monofilament and in PTFE.
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