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Analysis of subclinical infections and biofilm
formation in cases of capsular contracture after
silicone augmentation rhinoplasty: Prevalence and

microbiological study
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Implant-related deformities in aesthetic rhinoplasty are a major problem for
rhinoplasty surgeons. Capsular contracture is believed to be the pathological cause of delayed
contour deformities, comparable to breast implant-related contracture. This study investigat-
ed the prevalence of bacterial biofilms and other epidemiological factors related to capsular
contracture in cases of silicone augmentation rhinoplasty.

Thirty-three patients who underwent corrective rhinoplasty due to a delayed con-
tour deformity or aesthetic revision after implant rhinoplasty were studied from December
2014 to December 2016. All recruited patients received surgical correction by the authors.
The patients were categorized by clinical severity into four grades. Demographic data and re-
lated confounding factors were recorded. Samples of capsular tissue and silicone removed
from each patient were analyzed for the presence of a biofilm by ultrasonication with bacte-
rial culture and scanning electron microscopy.

Thirty-three paired samples of capsular tissue and silicone implants from the study
group were analyzed. Biofilms were detected in one of 10 subjects (10%) with grade 1 con-
tracture, two of four (50%) with grade 2 contracture, 10 of 14 (71.40%) with grade 3 con-
tracture, and four of five (80%) with grade 4 contracture (P<0.05). The organisms found
were Staphylococcus epidermidis (47.10%), coagulase-negative staphylococci (35.30%), and
Staphylococcus aureus (17.60%).

As with breast implant-related capsular contracture, silicone nasal augmenta-
tion deformities likely result from bacterial biofilms. We demonstrated the prevalence of bio-
films in patients with various degrees of contracture. Implant type and operative technique
seemed to have only vague correlations with biofilm presence.
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are the most common unattractive features among patients

seeking rhinoplasty. Silicone implants are the most common al-

In Southeast Asia, an under-projected tip and flat nasal dorsum

loplastic material that has been used for nasal augmentation. Be-
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fore the era of hybrid rhinoplasty, in which an implant is com-
bined with cartilage grafting, silicone implants were extensively
popularized by cosmetic surgeons due to their biocompatibility,
unlimited amount, and low price. Despite the increased aware-
ness of the risks associated with silicone implants, including in-
fection, malposition, calcification, and skin complications [1],
many surgeons still perform augmentation rhinoplasty using sil-
icone implants as their first choice of material. This has long
been considered acceptable in Thailand and many Southeast
Asian countries due to patients’ naturally thicker skin, which al-
lows mild thinning and contour changes to be better tolerated.

Most plastic surgeons are familiar with breast implant-related
capsular contracture, which causes delayed contour changes in
breasts. Capsule formation around silicone implants in breast
surgery has been widely examined, and subclinical bacterial col-
onization (i.e., biofilm formation) was found to be an important
factor provoking capsular contracture [2] Surgeons practicing
cosmetic surgery have been exploring new surgical techniques
to provide safe and effective ways to improve implant augmen-
tation rhinoplasty, including innovative shaping of implants, re-
ducing implant stiffness, and changing the implant material.
These methods have not proven to be highly effective, and im-
plant-related deformities can still be seen. Such deformities are
the most common reason for revision rhinoplasty performed by
board-certified plastic surgeons in many countries.

In 1999, a Staphylococcus epidermidis biofilm was first detected
in a patient with recurrent capsular contracture after silicone im-
plantation, and this biofilm was argued to be a factor that accel-
erated periprosthetic capsule formation [3]. A biofilm is a con-
gregation of microorganisms within the matrix of extracellular
polymeric substance, which protects the microbes from thera-
peutic agents. Biofilms prompt chronic inflammation and pro-
gressive fibrosis, leading to contracture. In 2007, Jung et al. [4]
reported that capsular tissue on the rim of a nasal silicone im-
plant appeared to have similar histopathology to that of a sample
from a silicone breast implant. Based on these observations, we
designed a prospective study to further investigate the preva-
lence of bacterial biofilms in patients with delayed nasal contour
deformity after silicone augmentation rhinoplasty.

Thirty-three patients who underwent augmentation rhinoplasty
using a silicone implant and required revision between Decem-
ber 2014 and December 2016 were included in the study (32
females and 1 male, 19-43 years of age). All recruited patients
received surgical correction by the authors. The silicone im-

plant-associated deformities included deviation, dorsal edge de-
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marcation, impending extrusion, and short nose deformity. All
contour changes must have occurred at least 6 months after the
last rhinoplasty procedure. Cases of immediate deviation or any
deformity occurring within the first 6 months after surgery were
excluded to minimize the likelihood that the deformity was
caused by an error in the surgical technique. Written informed
consent, including a photo release form for publication, was ob-
tained from each patient. The study protocol was approved by
Institutional Ethics Committee of Lerdsin Hospital (IRB ap-
proval number: ST3036/17/57).

Nasal contour deformities after silicone augmentation were
classified into four grades according to severity, as described by
Kim et al. [S]: grade 1, natural appearance (unsatisfactory aes-
thetic result); grade 2, unnatural lateral margin of implant; grade
3, clearly identified implant deviation; and grade 4, short nose
deformity (Fig. 1). Patients who presented with a calcified cap-
sule or any sign of infection (i.e,, nasal erythema, pus discharge,
current antibiotic use) or had received a filler injection were ex-
cluded from the study. Patients with a history of nasal bone inju-
ry or had received prostheses other than silicone were also ex-

cluded.

Surgical technique

The nasal hair was clipped and the surgical field was prepared
with standard antiseptic solution (chlorhexidine gluconate in
water), including inside the nostrils. In cases of mild contrac-
ture, the endonasal (closed) approach was used. The capsular
tissue was identified and removed immediately after the incision
was deepened from the infracartilagenous point to the capsule
at the caudal end of the implant. The silicone implant was then
retrieved and sent for processing. The cephalic half of the cap-
sule was left in place to prevent soft tissue compromise, and the
new implant was inserted into the newly created pocket under-
neath the existing pocket. For more severely deformed cases
that warranted the open approach, an inverted-V transcolumel-
lar incision was made and proceeded to the capsular tissue cov-
ering the implant. The sampled capsular tissue and implant
were sent for processing before further dissection and recon-
structive steps were performed (Fig. 2). Revision of augmenta-
tion was done by placing a new implant combined with cartilage
grafting or total reconstruction with autologous rib cartilage. In
severe cases, the thick and deformed capsule was totally re-
moved and soft tissue coverage was reinforced with a fascial
graft from the postauricular soft tissue or external oblique fascia
from the chest.

Sample collection
Each capsule and its accompanying silicone implant were care-
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Fig. 1. Grading of nasal capsular contracture

Appearance of nasal deformities according to classification grade. Note the (A) grade 1 (natural appearance), (B) grade 2 (unnatural lateral im-
plant margin), (C) grade 3 (implant deviation), and (D) grade 4 (short nose deformity).

Fig. 2. Intraoperative findings

Intraoperative findings during a revision rhi-
noplasty procedure. (A) An implant was identi-
fied in situ. (B) Capsular tissue can be clearly
identified after implant removal.

fully cut into small pieces, and two representative samples of the
capsule and implant (0.5 0.5 0.5 cm® each; one from the ce-
phalic portion and the other from the caudal portion of the
specimen) were selected for analysis by scanning electron mi-
croscopy (SEM) and bacterial culture. Each sample of the cap-
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sule and its associated silicone implant was individually placed
into a sterile test tube with 15 mL of phosphate-buffered saline

and sent for a microbiological examination. The other pair of

capsule and silicone implant samples was fixed with 3% glutaral-
dehyde and 0.05% ruthenium red in phosphate for SEM.
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Examples of scanning electron microscopy findings of capsular tis-
sue and implant surfaces. (A) The sectioned capsular tissue removed
from a patient exhibiting capsular contracture demonstrated evi-
dence of coccoid cells in a biofilm or thin fibrils (X 15,000). (B) The
sectioned nasal silicone removed from a patient with capsular con-
tracture showed coccobacilli cells in amorphous accumulations
(x6,500).

Microbiological examination

A portion of the capsule and silicone implant was washed twice
in phosphate-buffered saline by vigorous shaking for 3 minutes.
Ultrasonication of samples was performed at 50 to 60 Hz for 20
minutes. The prepared samples were scraped into a blood agar
culture tray and set at room temperature for 1 day. The solution
surrounding the samples was dropped into cooked meat medi-
um and placed in an incubator at 37°C for 7 days. Microorgan-

isms were then identified through microscopy.

Scanning electron microscopy

The specimens of each capsule and implant were washed with
buffer and ruthenium three times, then dehydrated with in-
creasing concentrations of alcohol. The dehydrated samples
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Characteristic Grade 1 Grade 2 Grade 3 Grade 4
(n=10) (n=4) (n=14) (n=5)
Age () 30 (19-41) 27.5 (23-36) 30.14 (20-43) 33.8 (24-43)
Sex
Female 10 4 13 5
Male 0 0 1 0

Duration from
surgery to
contracture (mon)

21.7 (10-48) 29 (24-38) 28.57 (12—48) 25.4 (15-36)

Values are presented as median (range) or number.

were coated with gold by a sputter deposition machine. The
coated samples were checked for groups of bacteria using an
XL30 SEM (Philips Healthcare, Amsterdam, the Netherlands)
at an accelerating voltage of 10 kV. Biofilms were identified by
evidence of coccoid cells in lattices of thin fibrils or amorphous

accumulations (Fig. 3).

Analysis

A sample was defined to be biofilm-positive if more than 10°
colony-forming units per milliliter were detected by culture and
if SEM revealed bacterial colonization with a biofilm structure.
If a specimen showed evidence of bacterial colonization on
SEM but no growth on culture, it was considered biofilm-nega-
tive. If the bacterial culture was positive without colonization on
SEM, the result was also considered negative. Evidence of bacte-
ria in any specimen was assumed to be the result of contamina-

tion unless confirmed by both methods.

Statistical analysis

The prevalence of biofilms in patients with each grade of con-
tracture was reported. Differences between groups were deter-
mined using chi-square analysis SPSS version 16 (SPSS Inc.,
Chicago, IL, USA). P-values less than 0.05 were considered to
indicate statistical significance.

Thirty-three capsule and 33 implant samples were collected
from 33 patients during the 24-month period. Thirty-two pa-
tients were female (97%) and one was male (3%). Their average
age was 30.33 years (range, 19-43 years). The average time
from implantation to symptomatic contracture was 26.06
months (range, 10-48 months) (Table 1).

The prevalence of biofilms increased with the severity of con-
tracture, as biofilms were only found in 10% of patients with
grade 1 contracture, but the prevalence increased to 50%, 71.4%,
and 80.0% of patients with grade 2, 3, and 4 contracture, respec-
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tively (P < 0.05) (Fig. 4).

The most common organism identified in the biofilms by cul-
ture was Staphylococcus epidermidis (47.10%), followed by coag-
ulase-negative staphylococci (35.30%) and Staphylococcus aure-
us (17.60%).

The prevalence of biofilms was compared according to various

Fig. 4. Diagram showing prevalence of biofilms among

groups

100 -

80.0

Prevalence of biofilm (%)

Grade 1
(n=10) (n=4)

Grade 2 Grade 3 Grade 4

(n=14) (n=5)
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clinical conditions. No statistical significance was found in the
prevalence of biofilms according to the institution where pa-
tients underwent rhinoplasty (hospital vs. private clinic), the
shape of the implant (L-strut vs. non-strut), the plane of implant
placement (subcutaneous vs. subperiosteal), or the type of sili-
cone (pre-shaped vs. carved block) (Table 2).

Table 2. Number of biofilm-positive participants according

to various clinical conditions

Condition Biofilm-positive P-value®
Institution 0.247
Hospital 6/13 (46.2)
Private clinic 11/20 (55.0)
Shape of implant 0.732
L-strut 5/12 (41.7)
Non-strut 12/21 (57.1)
Plane of placement 0.437
Subcutaneous 1/3 (33.3)
Subperiosteum 16/30 (53.3)
Type of implant 0.510
Pre-shaped 5/8 (65.5)
Carved block 12/25 (48.0)
Values are presented as number/total number (%).
aThe chi-square test was used to compare the prevalence of biofilms between
the subgroups of each clinical condition.

Fig. 5. A case of grade 4 contracture

Preoperative (A-C) and 2-month
postoperative images (D-F) of a
patient with short nose deformity
(grade 4 contracture) were dem-
onstrated. Total capsulectomy, soft
tissue release, dorsal augmenta-
tion with a new implant, and tip
cartilage construction with an au-
togenous graft were performed.

164




Vol. 46 [ No. 2 [ March 2019

Clinical photographs of representative patient with grade 4

contracture are presented in Fig. 5.

Subclinical bacterial infections have long been demonstrated to
be strongly related to biofilm formation. The amorphous sub-
stances and network of thin fibrils produced by pathogenic bac-
teria stimulate chronic inflammation, which results in endoge-
nous capsular fibrosis and contracture [3]. This study was de-
signed to investigate the prevalence of biofilms and their distri-
bution among patients with various grades of nasal capsular con-
tracture. Compared to surgical technique and the physical prop-
erties of the prosthesis, the importance of biofilm is dramatically
underrated by many rhinoplasty surgeons. It is impossible to ob-
serve the presence of a biofilm by gross examination of capsular
tissue during revision rhinoplasty; therefore, mechanical removal
of the capsule with its associated implant may be the most effec-
tive measure to disrupt the biofilm and enable surface disinfec-
tion. Further reconstructive steps are needed if removal of cap-
sular tissue weakens the soft tissue quality of the nose.

The nature of rhinoplasty procedures using silicone implanta-
tion makes silicone implants particularly susceptible to bacterial
contamination and subsequent biofilm formation, due to the
site of implant placement and surgical field contamination. Bio-
films have been previously reported to develop starting in the
second hour after other procedures [6]. Researchers demon-
strated that inoculation of staphylococci, which are normal in-
habitants of the nasal cavity, during implantation of silicone
prostheses resulted in thick capsule formation, and there was a
sequential relationship between the degree of contracture and
number of bacteria [7,8]. A significant correlation between
breast Baker capsular contracture grades 3 and 4 and biofilms
has been reported [9]. We had demonstrated similar correlation
in nose capsular contracture. Bacterial biofilms can also be
found in other implantable devices, such as joint prostheses, pe-
nile prostheses, vascular grafts, Foley catheters, and contact
lenses [10-14]. Adjustment of the nose shape necessitates im-
plant manipulation throughout the procedure. Nasal implants
might therefore be at a higher risk for contamination than other
prostheses.

Biological approaches for identifying biofilms include semi-
quantitative staining, measurements of dried biomass, protein
or DNA quantification, and assessments of residual viable or-
ganisms through standard microbial culture techniques. Each
biological detection method has advantages and deficiencies,
but they all provide only indirect measures of biofilm formation
ability and are prone to operator-induced variability. In contrast,
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direct imaging of a biofilm provides information on its structural
characteristics, its interactions with the surface, and its spatial
distribution. SEM has been used extensively for qualitative ob-
servations of biofilm disruption due to its high resolution, and it
is usually applied in combination with biological assays.

Previous researchers have described bacterial biofilms in other
explanted alloplastic facial implants. Interestingly, silicone im-
plants appeared to have less severe biofilms than porous poly-
ethylene implants, which was suggested to be a result of their
different surface textures [15]. SEM is an excellent tool to iden-
tify areas of biofilm formation, and we further investigated the
causative pathogens by bacterial culture. We hypothesized that
manipulation of the implant by carving or texture imprinting
onto its surface might induce biofilm formation, but such an as-
sociation was not shown in our results.

Recently, an association between breast implants and the de-
velopment of anaplastic large-cell lymphoma (ALCL) has been
observed. Samples from ALCLs showed high mean numbers of
bacteria, as did non-tumor capsules; however, different species
of bacteria were identified between both groups [16]. Our find-
ings that staphylococci were present in a majority of samples are
compatible with previous findings from non-tumor capsules in
cases of breast capsular contracture.

Our results confirmed that biofilms are responsible for late
contour deformities after silicone augmentation rhinoplasty, as
well as in cases of breast implant-related contracture. Every ef-
fort should be made to minimize bacterial contamination and
bleeding intraoperatively. Preoperative and postoperative antibi-
otic therapy is strongly reccommended because the nasal cavity
is readily contaminated by flora.

The degree of contracture after silicone augmentation rhino-
plasty was classified according to the appearance of the nose at a
long temporal interval after surgery. We demonstrated that the
prevalence of biofilms increased along with the severity of the
deformity. However, due to the small sample size, further large
multi-center analyses are needed to clarify questions related to
the risk and safety of biofilms in rhinoplasty and preventive
measures that can be taken.

In conclusion, as in breast implant-related capsular contrac-
ture, silicone nasal augmentation deformities likely result from
bacterial biofilms. We demonstrated the prevalence of biofilms
in patients with various degrees of contracture. Further studies
with a larger sample size are needed for a more objective analy-
sis of causative risk factors for biofilm formation, as well as to
obtain statistical significance. No conclusions regarding implant
type or operative technique with respect to the risk of biofilm

induction can be drawn from this initial analysis.
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