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Background: Evaluating the progression of soft-tissue arteriovenous mal-
formation (AVMs) is still problematic. To establish a quantitative method,
we took a morphological approach.

Methods: Normal blood vessels in early-phase 3D-computed tomography
angiography images are theoretically expected to be tree-like structures
without loops, whereas AVM blood vessels are expected to be mesh-like
structures with loops. Simplified to the utmost limit, these vascular struc-
tures can be symbolized with wire-frame models composed of nodes and
connecting edges, in which making an extra loop always needs one more
of edges than of nodes.

Results: Total amount of abnormal vascular structures is estimated from
a simple equation: Number of vascular loops = 1 — ([Number of nodes] -
[Number of edges]).

Conclusion: Abnormalities of AVM vascular structures can be mathemati-
cally quantified using computed tomography angiography images. (Plast
Reconstr Surg Glob Open 2014;2:205; doi: 10.1097/GOX.0000000000000163;

Published online 28 August 2014.)

oft-tissue arteriovenous malformations (AVMs)

progress asymptomatically or recur indistin-

guishably from normal blood vessels. Despite
that, understanding of their progression usually relies
on approximate staging according to symptoms' or
qualitative visual assessment of imaging examinations.
Against this dilemma, numerous attempts have been
made to establish quantitative evaluation methods.
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From a functional viewpoint, evaluation of to-
tal shunt blood flow using transarterial lung per-
fusion scans** and measurement of blood pool
volume with whole-body blood pool scans by Lee
et al** are the most quantitative methods. Howev-
er, these methods based on nuclear medicine are
problematic for their invasion and limited site of
application.

From a morphometric viewpoint, Kaji et al® used
magnetic resonance imaging and World Health Or-
ganization Response Criteria (product of lesion ma-
jor and minor axes in cross-section). However, it is
difficult to apply it to vascular malformations, which
are irregular in shape with indistinct borders, easily
expanding and collapsing.

Considering these unmet needs, we searched for
another approach to meet the anatomical nature of
AVMs and set the first research objective to establish
a morphological solution to quantify abnormalities
of AVM vascular structures.
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We anticipated utilization of computed tomog-
raphy angiography (CTA) results for retrospective
evaluation because it is a widespread, less-invasive
method of testing AVMs. Moreover, because of their
relatively higher contrast, obtaining clear and stable
vascular segmentation’ is easier than Magnetic Reso-
nance Angiography (MRA) %"

We also applied 2 mathematical theories, namely
topology and graph theory, to quantify abnormali-
ties of vascular structures.

Simplification via Topological Homeomorphism

Topology is a relatively new field of geometry that
focuses on the continuity of regions. For example,
as both a coffee cup and a donut share the feature
of having only one hole (loop), they are considered
homeomorphic with deformation.

Viewed through homeomorphic simplification,
the number of loops in an early-phase 3D-CTA
image of a normal blood vessel is theoretically ex-
pected to be close to zero except for physiological
vascular rings, such as at the base of the brain. It
is because arteries branch off repeatedly from the
aorta and are not rendered with the standard CT
resolution after they become arterioles (approxi-
mate diameter, 0.1-0.2mm) (Fig. 1).

Meanwhile, the presence of a described arteriove-
nous shunt is depicted on early-phase 3D-CTA imag-
es as a series of pathways from the feeding artery to
the drainage vein. Furthermore, the more abnormal
intervascular shortcut appears, the more external
loop develops or an existing loop divides.

Quantification of Connectivity with Graph Theory

The appropriate method for loop measurement
is graph theory, which is being utilized for engi-
neering problems such as electric circuits and train
routes.

If one focuses only on connectivity and dis-
penses with all other data such as thickness and
length, the vascular structure can ultimately be
symbolized into a “graph” composed of nodes and
edges joining them. The number of loops in the
graph can be calculated by a simple calculation
using the number of nodes and edges. The prin-
ciple can be verified and understood by using our
“spaghetti and marshmallows vascular model.”
This model can be actually manipulated accord-
ing to only one rule that a marshmallow (node)
must be positioned on the tip of each piece of
spaghetti (edge).

When a model only diverges and expands repeat-
edly like the branches or roots of a tree, the total
number of nodes keeps one more than edges. It
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is because one node is needed for every new edge
when branches are added or divided (Fig. 2A).

However, when nodes and edges are added to in-
crease the number of loops, the number of edges
will only increase by one extra piece each time. This
is because even if a new loop is added or the existing
loop is divided, one more edge is needed compared
with nodes (Fig. 2B).

Aforementioned mathematical concepts lead to
a principle that abnormal connectivities within an
AVM lesion can be quantified with the increase of
difference between the number of nodes and edges
comprising its wire-framed network model. This prin-
ciple is depicted by the following simple equation:

Number of vascular loops =

I- ([Number of nodes|— [Number ofedges]).

Fundamental Limitation

In clinical applications, there is an inevitable limi-
tation that the number of vascular loops calculated
from CTA images is not necessarily the histological
amount of arteriovenous shunts within the actual
lesion but “describable” shunts to the utmost. How-
ever, it is rather the common fundamental limitation
for all imaging examinations.

Resolution Constancy

There are 2 important points regarding this tech-
nique. The first is that image resolution affects the
detection of continuity. For example, the relation-
ship of a blood vessel with its accompanying vessel
0.3mm away can be sometimes correctly displayed
on an image with 0.27x0.27 mm pixel size but invari-

IR

Normal

Fig. 1. Conceptual workflow images of homeomorphic sim-
plification and symbolization of vascular structures. AVM
graphs are assumed to be more perforated than normal
blood vessel graphs.
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Fig. 2. Verification of graph theory with “spaghetti and marshmallows vascular
models!” A, Tree-type growth: when a model only diverges and expands repeat-
edly like the branches or roots of a tree, the gap of nodes and edges never
changes. B, Mesh-type growth: when nodes and edges are added to increase
the number of loops from that of the original model, the number of edges will
only increase by one extra piece each time. This principle holds true even in
3-dimensionally (3D) complex angioarchitecture because an internal 3D cross-
ing is topologically homeomorphic with an external handle.
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Fig. 3. The influence of imaging conditions. A, When a computed tomography
section is provided as a 512x 512 pixel image, the relationship of a blood ves-
sel with its accompanying vessel 0.3 mm away can be sometimes correctly dis-
played on a 140-mm field-of-view (FOV) (pixel size, 0.27 x0.27 mm) image of
the peripheral extremities, while the same 2 vessels can invariably be displayed
as being connected on a 345-mm FOV (pixel size, 0.67 X 0.67 mm) image of the
trunk. B, Vessels rendered as continuous on images with a section thickness of
0.625 mm might appear to be not continuous on images with section thick-
nesses of 1.25mm.

FOV 140 mm

FOV 345 mm
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ably be displayed as being connected on an image
with 0.67x0.67mm pixel size (Fig. 3A).

Conversely, oblique vessels rendered as continu-
ous on images with a section thickness of 0.625mm
might appear to be not continuous on images with
section thicknesses of 1.25 mm (Fig. 3B).

Field of view and section thickness must be identi-
cal to compare test results obtained at different times
from a same patient. In addition, even in patients

with a common lesion site, the closer the test field of

view and section thickness are, the more meaningful
the comparison is.

Region of Interest Constancy

The second point is that one cannot be sure that
region of interest has been uniformly maintained
through the series of results especially when effi-
cient procedure causes drastic change to the lesion
hemodynamics. Region of interest must be identical
before and after treatment, which is possible if clear,
fixed points such as the junctions of well-known
blood vessels or feeding arteries are used as refer-
ence points.

It seems that the mathematical concepts of to-
pology and graph theory can be used to quantify
abnormalities of AVM vascular structures from CTA
images. Careful assessment of validity through prac-
tical application is necessary for this novel concept.

Yuki Hata, MD
Department of Plastic Surgery
Osaka University Graduate
School of Medicine, Osaka, Japan
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Abstract

stress in fibroblasts.

the prevention of skin aging.

Background: Oxidative stress has been suggested as a mechanism underlying skin aging, as it triggers apoptosis in
various cell types, including fibroblasts, which play important roles in the preservation of healthy, youthful skin.
Catechins, which are antioxidants contained in green tea, exert various actions such as anti-inflammatory, anti-bacterial,
and anti-cancer actions. In this study, we investigated the effect of (+)-catechin on apoptosis induced by oxidative

Methods: Fibroblasts (NIH3T3) under oxidative stress induced by hydrogen peroxide (0.1 mM) were treated with either
vehicle or (+)-catechin (0-100 uM). The effect of (+)-catechin on cell viability, apoptosis, phosphorylation of c-Jun
terminal kinases (JNK) and p38, and activation of caspase-3 in fibroblasts under oxidative stress were evaluated.

Results: Hydrogen peroxide induced apoptotic cell death in fibroblasts, accompanied by induction of phosphorylation
of JNK and p38 and activation of caspase-3. Pretreatment of the fibroblasts with (+)-catechin inhibited hydrogen
peroxide-induced apoptosis and reduced phosphorylation of JNK and p38 and activation of caspase-3.

Conclusion: (+)-Catechin protects against oxidative stress-induced cell death in fibroblasts, possibly by inhibiting
phosphorylation of p38 and JNK. These results suggest that (+)-catechin has potential as a therapeutic agent for

Keywords: Catechin, Fibroblast, Apoptosis, Oxidative stress

Background

Skin wrinkles and sagging are important factors defining
skin youthfulness. Development of methods to reduce
skin wrinkles and prevent sagging skin has become an
important research topic in aesthetic and anti-aging
medicine. Skin wrinkles and sagging are reported to be
influenced by the amount of collagen, elastin, and hya-
luronic acid [1]. Fibroblasts play a key role in the pro-
duction of these extracellular matrix components in
the skin. Skin aging is the consequence of reduced
numbers of fibroblasts, lower levels of extracellular
matrix proteins, and decreased skin elasticity and
tonus, thereby resulting in the formation of wrinkles [2].
Therefore, maintaining the population of dermal fibroblasts
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'Department of Plastic Surgery, Osaka University Graduate School of
Medicine, Suita-shi, Osaka, Japan
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is important for both preventing and treating age-related
skin changes.

Oxidative stress has been indicated in a variety of patho-
logical processes, such as atherosclerosis, diabetes, neuro-
degenerative diseases, and aging. Reactive oxygen species
induce DNA damage, intracellular lipid peroxidation, and
abnormal protein oxidation reactions, all of which result in
cell damage. Oxidative stress also promotes skin aging [3];
it reduces the number of skin fibroblasts by inducing apop-
tosis and decreasing their regenerative capacity, which in
turn leads to increased skin sagging. Therefore, suppression
of oxidative stress-induced apoptosis in skin fibroblasts is a
potential treatment and prevention strategy for maintaining
healthy youthful skin.

Green tea, which is routinely consumed in Japan and
China, is widely known as a healthy drink containing vari-
ous antioxidants, vitamins, and minerals. Catechins, includ-
ing (-)-epigallocatechin gallate (EGCG), (-)-epigallocatechin

© 2014 Tanigawa et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain

Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,

unless otherwise stated.
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(EGC), (-)-epicatechin gallate (ECG), and (-)-epicatechin
(EC) (Figure 1), account for approximately 10% of the dry
weight of green tea leaves. Catechins are thought to not only
possess antioxidant effects to control active oxygen [4-7]
but also exert various actions, such as anti-inflammatory
[8], antibacterial [9,10], and anti-cancer [11-13] actions.

In this study, we demonstrate that (+)-catechin has an
inhibitory effect against oxidative stress-induced apoptosis
in fibroblasts, accompanied by suppression of phosphoryl-
ation of p38 and c-Jun terminal kinases (JNK), both of
which play an important role in intracellular apoptotic
signaling induced by oxidative stress.

Methods

Cell culture

NIH 3T3 fibroblasts were used for all experiments. Cells
were cultured in Dulbecco’s Modified Eagle Medium
(DMEM; Life Technologies CA, USA) containing 10% fetal
bovine serum (FBS), 100 U/ml penicillin, and 100 pg/ml
streptomycin (Life Technologies) in a humidified incubator
at 37°C with 5% CO,. All experiments were performed
in triplicate.

Cell viability assay
Cell survival was determined using the 3-(4,5-dimethylthia-
zole-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
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(CellTiter 96~ AQueous One Solution Cell Proliferation
Assay; Promega, W1, USA). Fibroblasts were plated at a
density of 5,000 cells per well on 96-well plates and in-
cubated for 24 h in 100 pl of DMEM containing 10%
FBS. After incubation with serum-free medium for 24 h,
cells were treated for 30 min with various concentrations of
(+)-catechin (0-400 uM; Sigma Aldrich, PA, USA), and
then subjected to oxidative stress induction with
0.1 mM hydrogen peroxide (H,O,). After 24 h, 20 pl of
One Solution Reagent was added into each well and in-
cubated at 37°C for 2 h in a humidified, 5% CO, atmos-
phere. The production of formazan by viable cells was
detected by measuring the absorbance at 490 nm using
a 96-well plate reader.

Another series of experiments were conducted to
compare cytotoxicity between (+)-catechin and EGCG.
Fibroblasts were treated with various concentrations of
(+)-catechin or EGCG (0-400 pM; Sigma Aldrich)
without H,O, for 24 h and the cells were then subjected
to MTT assay.

TUNEL staining

Apoptosis was determined by terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP-biotin nick end label-
ing (TUNEL) using the In Situ Cell Death Detection Kit
TMR Red (Roche, Mannheim, Germany), according to
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the manufacturer’s instructions. In brief, fibroblasts were
maintained in DMEM containing 10% FBS for 2 days
and then cultured in serum-free DMEM. Oxidative stress
was induced by addition of 0.1 mM HyO, prior to treat-
ment with 10 gM (+)-catechin or vehicle. After 24 h of in-
cubation with H,O, and (+)-catechin or vehicle, cells were
fixed with 4% paraformaldehyde in phosphate-buffered
saline (PBS) (pH 7.4) for 60 min at room temperature,
followed by five washes with PBS. Next, permeabilization
was performed by incubation with 0.1% Triton X-100 in
PBS for 10 min, and cells were mixed with TUNEL reaction
mixtures containing TdT and tetramethylrhodamine (TMR)
red-labeled nucleotides for 1 h. Coverslips were mounted
onto slides using VECTASHIELD Mounting Medium
with 4°,6-diamidino-2-phenylindole dihydrochloride
(Vector Laboratories, Peterborough, England). Fluorescence
images were taken using a microscope (IX-70; Olympus)
equipped with a charge-coupled device camera (CoolSNAP
HQ; Nippon Roper, Chiba, Japan). For each experiment,
100 cells were randomly selected, and the percentage of
TUNEL-positive cells was measured.

Western blot analysis

Cultured fibroblasts were serum-starved for 24 h in serum-
free DMEM and then incubated with 10 uM (+)-catechin
for 30 min prior to oxidative stress induction by 0.1 mM
Hy0,. After HyO, challenge for 1 h, cells were harvested
and lysed in radioimmunoprecipitation assay buffer con-
taining 1 mM NazVO,4, 1 mM NaF, and Protease Inhibitor
Cocktail (Roche Diagnostics, Basel, Switzerland) for 20 min
at 4°C. After centrifugation at 15,000 x g for 15 min at
4°C, proteins were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred onto
Immobilon-P Transfer Membranes (Millipore Japan, Tokyo,
Japan). Membranes were incubated for 60 min in Tris-
buffered saline containing 5% skim milk and 0.05%
Tween-20 and then blotted with the following primary
antibodies at 4°C overnight: anti-phospho-JNK (1:1,000),
anti-JNK (1:1,000), anti-phospho-p38 (1:1,000), anti-p38
(1:1,000), anti-cleaved caspase-3 (1:200), and anti-caspase-3
antibodies (1:200). All antibodies were purchased from
Cell Signaling Technology, MA, USA. Next, membranes
were incubated for 1 h with an anti-mouse or anti-rabbit
HRP-linked secondary antibody (1:2,000; Cell Signaling
Technology). Reaction products were visualized by chemi-
luminescence detection using the ECL Western Blotting
Detection System (GE Healthcare, Piscataway, NJ, USA).
Quantification of relative band densities was performed by
densitometry using Image ] software (National Institutes
of Health, Bethesda, MD, USA).

Statistical analysis
All data shown are expressed as the mean + SE of three
independent experiments. Data from each experiment were
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normalized to the respective control sample. Differences
between conditions were analyzed by Student’s ¢ test.
Multiple-group comparisons were performed using a
one-way analysis of variance, followed by Tukey’s post hoc
test. P < 0.05 was considered statistically significant.

Results

Catechin increases the viability of fibroblasts

Oxidative stress is known to promote fibroblast cell death
[14]. To analyze the effect of (+)-catechin on the viability
of fibroblasts in response to oxidative stress, cells cultured
with various concentrations (0—100 M) of catechin were
subjected to oxidative stress induction by 0.1 mM H,O,.
The cell numbers were analyzed after 24 h. Microscopic
observation and MTT assay showed that H,O, induced-
oxidative stress reduced cell viability, whereas (+)-catechin
suppressed the effect of H,O,-induced oxidative stress
on cell viability in a concentration-dependent manner
(Figure 2a-c).

As shown in Figure 3, microscopic evaluation of the
morphological changes showed that H,O, supplementation
in the culture media induced apoptotic cell death character-
ized by shrinkage of the cell body, whereas treatment with
(+)-catechin attenuated H,O,-induced cell death.

(+)-Catechin inhibits oxidative stress-induced apoptosis
in fibroblasts

To determine whether (+)-catechin has an inhibitory
effect on oxidative stress-induced apoptosis in fibroblasts,
we assessed the apoptosis of fibroblasts in either the
presence or absence of (+)-catechin by TUNEL staining.
(+)-Catechin (10 pM)-treated fibroblasts showed significant
decreases in the percentage of cells positive for TUNEL
staining, compared to vehicle-treated cells (9.14% + 0.6%
vs. 1.86% + 0.3%; Figure 4).

Effect of catechin on the activation of caspase-3 by
H,0,-induced oxidative stress in fibroblasts

Western blotting analysis using an anti-cleaved caspase-3
antibody showed that the level of cleaved caspase-3 in-
duced by H,O, was reduced by treatment with 10 uM
(+)-catechin (Figure 5). These results suggest that
(+)-catechin inhibits caspase-3-dependent apoptosis
induced by oxidative stress in fibroblasts.

(+)-Catechin inhibits phosphorylation of p38 and JNK
induced by oxidative stress

To further investigate the underlying mechanism by which
(+)-catechin inhibits oxidative stress-induced apoptosis
in fibroblasts, we determined whether oxidative stress-
induced phosphorylation of JNK and p38 was inhibited by
treatment with 10 pM (+)-catechin. The results clearly
show that H,0O,-induced phosphorylation of p38 and JNK
was suppressed by (+)-catechin treatment (Figure 6).
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Figure 2 Inhibitory effect of (+)-catechin on oxidative stress-induced cell death in fibroblasts. After incubation with serum-free medium
for 24 h, fibroblasts were treated for 30 min with (+)-catechin (0-400 pM) and then subjected to oxidative stress induction with 0.1 mM hydrogen
peroxide (H,0,). After 24 h, cell viability was evaluated. (a) Representative microscopic images of cell death induced by oxidative stress (a) and
inhibitory effect of (+)-catechin on oxidative stress-induced cell death (b). Cell viability was assessed by the MTT assay (c). Data are expressed as

the mean + SEM. *P < 0.05, **P <0.01.

(+)-catechin is less cytotoxic than EGCG in fibroblasts

The MTT assay showed that fibroblasts were viable when
incubated with high concentrations of (+)-catechin. In con-
trast, EGCG at 200 and 400 uM significantly decreased cell
viability (Figure 7).

Discussion
In the present study, we demonstrate an inhibitory effect
of (+)-catechin on oxidative stress-induced apoptosis in
fibroblasts, accompanied by amelioration of the phos-
phorylation of p38 and JNK induced by oxidative stress.
We focused on fibroblasts because they participate in
skin maintenance and renewal. In the skin, fibroblasts
play a key role in the production of extracellular matrix
components, including collagen, elastin, and hyaluronic
acid. In clinical aesthetic medicine, epidermal or intrader-
mal injection of hyaluronic acid is performed to obtain
glossy and healthy skin (microinjections of hyaluronic acid,
vitamins, minerals, and amino acids into the superficial
layer of the skin) [15]. Other techniques, such as implanting
activated fibroblasts in the skin, are also known to revive

the skin to be glossy and healthy (intradermal injection of
cultivated skin fibroblasts into wrinkles) [16-18]. However,
these therapies are associated with a high cost and may
provoke adverse events, including misplacement, allergy,
nodules, necrosis, abscesses, and rejection. In contrast,
the use of health supplements, such as green tea and
food-derived active substances, is a safer and beneficial
anti-aging method.

The integrity and functions of the skin barrier may be
impaired by excessive exposure to allergens, chemicals,
ultraviolet light, and dehydration. Failure of the skin barrier
would subsequently lead to infections with pathogens and
result in inflammatory responses. Locally produced reactive
oxygen species are also known to inhibit the growth of
epithelial cells and fibroblasts by inducing apoptosis and
inhibiting collagen and hyaluronic acid production, all of
which have been implicated in aging processes leading to
skin wrinkles and sagging. Our present study suggests that
(+)-catechin is a potential candidate for suppressing oxi-
dative stress-induced apoptosis of skin fibroblasts, which
may in turn reverse the reduction of fibroblast-derived

a

H,0, )

c__ d

Catechin (-) (+)

changes were evaluated.

Figure 3 Microscopic images of H,0,-induced apoptotic cell death and inhibitory effect of (+)-catechin against H,0,-induced cell
death. (a) The image of non-loading control cells. After incubation with serum-free medium for 24 h, fibroblasts were treated for 30 min with 10
UM (+)-catechin (b), (d). And then subjected to oxidative stress induction with 0.1 mM H,0O, (c), {d). After 24 h, microscopic morphological

) (+)
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Figure 4 Inhibitory effect of (+)-catechin on oxidative stress-induced apoptosis in fibroblasts. After incubation with serum-free medium
for 24 h, fibroblasts were treated for 30 min with 10 pM (+)-catechin and then subjected to oxidative stress induction with 0.1 mM hydrogen
peroxide (H,0,). After 24 h, apoptosis was evaluated by TUNEL staining. (a) Microscopic findings of TUNEL staining for detection of apoptotic
cells. (b) For evaluation of apoptosis, 100 cells were randomly selected and the percentage of TUNEL-positive cells was measured. Data are
expressed as the mean + SEM. **P < 0.01.

production of collagen and hyaluronic acid. Other re-
ports suggest that EGCG, another type of catechin, is
also a potential candidate for suppressing oxidative
stress-induced apoptosis of skin fibroblasts [19]; how-
ever, our present study showed that (+)-catechin is less
cytotoxic than EGCG, suggesting that for therapeutic
and preventive purposes (+)-catechin may be superior

H, 0,

a
catechin

9

full-length caspase-3
cleaved caspase-3

b ke skesk

cleaved caspase-3

catechin (+) (+)
H, O, ) (+)

Figure 5 Effect of (+)-catechin on activation of caspase-3 by
H,0,-induced oxidative stress in fibroblasts. After incubation
with serum-free medium for 24 h, fibroblasts were treated for

30 min with 10 uM (+)-catechin and then subjected to oxidative
stress induction with 0.1 mM hydrogen peroxide (H,0,). After 1 h,
activation of caspase-3 was determined by SDS-PAGE and western
blotting analysis using an anti-cleaved caspase-3 antibody. (a)
Representative images of western blot analysis for cleaved and total
caspase-3. (b) Expression levels of cleaved caspase-3 were
normalized to those of total caspase-3. Data are expressed as the
mean + SEM. **P < 001.
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Figure 6 Inhibitory effect of (+)-catechin on phosphorylation
of p38 and JNK induced by oxidative stress in fibroblasts.
After incubation with serum-free medium for 24 h, fibroblasts
were treated for 30 min with 10 uM (+)-catechin and then subjected
to oxidative stress induction with 0.1 mM hydrogen peroxide
(H,0,). After 1 h, cells were collected, and phosphorylation of p38
and JNK was determined by SDS-PAGE and western blotting
analysis using anti-phospho p38 and anti-phospho JNK antibodies.

(a) Results of western blotting for phosphorylation of (a) p38 and (b)
JNK. Phosphorylation levels of p38 and JNK were normalized to those
of total p38 and JNK, respectively. Data are expressed as the

mean £ SEM. **P < 0.01.
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Figure 7 Comparative evaluation of cytotoxicity between (+)-catechin and EGCG in fibroblasts. Fibroblasts were treated with PBS (control)
or the indicated concentrations of (a) (+)-catechin and (b) EGCG for 24 h. Cell viability was assessed by the MTT assay. Data are expressed as the
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To elucidate the underlying mechanisms by which
(+)-catechin inhibits oxidative stress-induced apoptosis
in fibroblasts, we focused on the effects of (+)-catechin
on the phosphorylation of p38 and JNK, both of which
are key molecules for oxidative stress-induced apoptosis
[14]. INK and p38 belong to the family of stress kinases
and have been shown to be required for biological stress
responses, such as apoptosis induced by UV, radiation,
oxidative stress, heat shock, and tumor necrosis factor
(TNF)-a stimulation. It has been reported that H,O, sig-
naling through TNF receptor 1 selectively activates JNK
and p38 [20,21]. INK plays an important role in control-
ling cell death and is known to affect the function of
Bcl-2 family molecules, which suppress apoptosis. Spe-
cifically, phosphorylation of Bcl-2 by JNK results in the
inhibition of Bcl-2 function and therefore induces the
activation of apoptosis [20,21]. In contrast, p38 MAPK is
known to be involved in the activation of apoptosis-
modulating proteins, such as Fas and Bax [21]. Collectively,
our present study suggests that (+)-catechin exerts anti-
apoptotic effects against oxidative stress by inhibiting the
phosphorylation of p38 and JNK. The precise mechanisms
by which (+)-catechin suppresses the phosphorylation of
JNK and p38 will be a future research topic.

Although (+)-catechin was found to exert anti-apoptotic
effects in the present study, previous reports have shown
both pro-apoptotic and anti-apoptotic effects of catechins.
In particular, EGCG, a molecule in the same catechin
group, was suggested to play a role in growth inhibition
and apoptosis induction in a variety of cancer cells [22]. In
contrast, EGCG was reported to have an anti-apoptotic ef-
fect in renal mesangial cells [23] and endothelial cells [24],
similar to our results in the present study. Therefore, we
speculate that the effect of catechins on apoptosis may
vary according to cell type and the nature of pathogenesis.
Given the different cell-specific responses of catechins, it

is important to establish an appropriate strategy for using
catechins for treatment and prevention of various diseases.
It would be ideal for catechins have suppressive actions
against cancers and protective effects for organs such as the
kidneys and cardiovascular system. Accumulating evidence
on the preventive effect of catechins and green tea against
various systemic diseases, including cancers, diabetes,
and hypertension, suggests little potential harm to hu-
man health from high consumption of catechins and
green tea for maintenance of skin beauty.

Conclusions

(+)-Catechin exerts preventive effects against oxidative
stress-induced apoptosis in fibroblasts. The underlying
mechanism may involve the inhibition of p38 and JNK
phosphorylation. As a safe green tea-derived antioxidant,
(+)-catechin could be suitable for long-term prevention
of oxidative stress-induced skin aging, considering the
action of skin fibroblasts on the preservation of healthy,
youthful skin.
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Summary

Twin studies, especially those involving monozygotic (MZ) twins, facilitate the
analysis of factors affecting skin aging while controlling for age, gender, and genetic
susceptibility. The purpose of this study was to objectively assess various features of
facial skin and analyze the effects of environmental factors on these features in MZ
twins. At the Osaka Twin Research Center, 67 pairs of MZ twins underwent medical
interviews and photographic assessments, using the VISIA® Complexion Analysis
System. First, the average scores of the right and left cheek skin spots, wrinkles,
pores, texture, and erythema were calculated; the differences between the scores were
then compared in each pair of twins. Next, using the results of medical interviews
and VISIA data, we investigated the effects of environmental factors on skin aging.
The data were analyzed using Pearson’s correlation coefficient test and the Wilcoxon
signed-rank test. The intrapair differences in facial texture scores significantly
increased as the age of the twins increased (P = 0.03). Among the twin pairs who
provided answers to the questions regarding history differences in medical interviews,
the twins who smoked or did not use skin protection showed significantly higher
facial texture or wrinkle scores compared with the twins not exposed to cigarettes or
protectants (P = 0.04 and 0.03, respectively). The study demonstrated that skin
aging among Japanese MZ twins, especially in terms of facial texture, was
significantly influenced by environmental factors. In addition, smoking and skin
protectant use were important environmental factors influencing skin
aging.

Keywords: twin study, skin aging, environmental factors
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Many studies investigating the relationships between
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reported.'™ These studies have indicated that environ-
mental factors, including ultraviolet irradiation and cig-
arette smoking, markedly influence skin aging. Other
environmental factors, such as body mass index (BMI),

and is not used for commercial purposes. alcohol consumption, and marital status have also been
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suggested to be associated with skin aging.?*® Twin
studies, especially those involving monozygotic (MZ)
twins, provide unique opportunities to control for age,
gender, and genetic effects in the analysis of the effects
of environmental factors on skin aging.>”

In the present study, we conducted medical inter-
views and facial photographic assessments of 67 pairs
of adult, Japanese, MZ twins between 2010 and 2013.
This study, conducted at the Osaka Twin Research
Center, evaluated the influence of environmental fac-
tors on skin aging. Using a complexion analysis sys-
tem, facial features were objectively evaluated. This
was the first trial of its kind on a Japanese population.

Patients and methods

The subjects included 67 pairs of adult, MZ twins visit-
ing the Osaka Twin Research Center. The Research
Center was set up in 2010 at Osaka University, to pro-
vide comprehensive medical examinations to Japanese
MZ and dizygotic adult twins. Volunteers for the twin
study were recruited from the general community
through various media advertisements. The study was
approved by the Osaka University ethics committee,
and all of the participants provided written, informed
consent.

The MZ twins included 27 pairs of men and 40 pairs
of women, aged 40-87 years. The subjects participated

Spots

Wrinkles

Left side

Facial skin aging in Japanese monozygotic twins * R Ichibori et al.

in medical interviews and photographic assessments
designed to analyze the important visible features of
facial skin aging. The medical interviews were con-
ducted using a structured questionnaire to collect
information regarding: age, alcohol consumption,
smoking history, marital status, hormone replacement
therapy, medical history, sun exposure history, BMI,
and sunscreen or foundation use.

Photographic assessments were performed using the
VISIA® Complexion Analysis System (Canfield Scien-
tific., Fairfield, NJ, USA; Fig. 1).571° The VISIA System,
with a configurable head support, ensured consistent
positioning of each subject’s head. The subjects cleaned
their skin with a gentle facial makeup remover before
the image was obtained. The photographic images
were captured with standard, cross-polarized, parallel
polarized, and ultraviolet light. Images were taken in
two different close-up views (right lateral 37°, left lat-
eral 37°) for each subject to quantify the scores and
percentiles of the cheek skin, including spots, wrinkles,
pores, texture, and erythema. The percentiles enabled
the evaluation of the subject’s complexion analysis
results through a comparison between the individual's
scores and those of people of the same sex, generation,
and skin type in the database. The scores provided a
comprehensive measurement of the impact that each
feature had on the client’s complexion. The scores fac-
tored in the total size and area, as well as the intensity

Right side

Figure 1 Photographic images acquired by the VISIA® Complexion Analysis System. Two close-up views show spots and wrinkles over

the subject’s cheek.

© 2014 The Authors Journal of Cosmetic Dermatology Published by Wiley Periodicals, Inc. 159
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of the feature being analyzed. Skin with a lower score
for each factor was considered to be more youthful in
appearance (values ranged from 0 to 100). In the pres-
ent study, we used the scores to more objectively assess
skin condition. Skin texture represents the degree of
uniformity of the surface of cheek skin. A subject with
shallow sulcus cutis and closely shaped crista cutis
was considered to have tidy skin. Skin wrinkle indi-
cated to folds resulting from dermal connective tissues
including elastic and collagen fibers.

The average scores for the right and left cheeks were
calculated, and the differences between individuals in
each pair of twins were recorded and chronologically
compared. In addition, the results of the pairs of twins
who provided answers to the medical interviews were
compared with the VISIA data to explore the effects of
environmental factors on their facial features. The twin
pairs who differed by more than 4 BMI points from
each other were also compared.

All calculations were performed with the JMP statis-
tical software package (SAS, Cary, NC, USA). The data
were analyzed using Pearson’s correlation coefficient
test and the Wilcoxon signed-rank test; a P-value of
<0.05 was considered statistically significant.

Results

Of the 67 pairs of MZ twins, two male pairs were
excluded from the analysis due to the interference of
their mustaches, with the photographic assessments.
Therefore, 25 pairs of men and 40 pairs of women
were evaluated in this study. The patients had a range
of Fitzpatrick skin types, from II to IV.

Subject’s baseline characteristics

The characteristics of the evaluated subjects, based on
their medical interviews, are presented in Table 1. The
subjects ranged in age from 40 to 87 years and repre-
sented all the regions in Japan. Alcohol consumption,
smoking histories, and outdoor work were more fre-
quent among men than women, although sunscreen
or foundation use was more frequent in women. In 11
twin pairs, the individuals differed from each other by
more than 4 BMI points.

VISIA® complexion analysis system assessments

By using the VISIA® system, differences in facial fea-
ture scores (facial spots, wrinkles, pores, texture, and
erythema) in each pair of twins were calculated and
chronologically compared, by comparing the results for

twins of various ages. The results of the intrapair com-
parisons are shown in Fig. 2. As the ages of the twins
increased, the intrapair differences in facial texture
scores also increased (P = 0.03). However, significant
correlations between increasing ages and intrapair dif-
ferences in facial spots, wrinkles, pores, and erythema
were not observed (P = 0.27, 0.08, 0.63, and 0.23,
respectively).

Environmental factors

Alcohol consumption, smoking history, hormone
replacement therapy, sun exposure history, sunscreen
or foundation use, marital status, medical history, and
BMI were also investigated for their effects on facial
skin aging. Comparing the VISIA scores of each factor
in the twins of each pair, the twins who smoked
showed significantly higher facial texture scores com-
pared with the twins who were nonsmokers
(P = 0.04). The twins who did not use sunscreen or
foundation also showed significantly higher facial
wrinkle scores compared with the twins who used
these products (P = 0.03) (Table 2). There were no sig-
nificant intrapair differences in the other environmen-
tal factors, namely alcohol consumption, hormone
replacement therapy, sun exposure history, marital sta-
tus, medical history, or BML

Discussion

Skin aging is influenced by the interaction of both
intrinsic and extrinsic factors.***? Intrinsic aging is an
inevitable process that is regulated by a genetically
programmed pattern, characterized by cellular senes-
cence, decreased proliferative capacity, decreased cellu-
lar DNA repair capacity, oxidative stress, and gene
mutations. EBxtrinsic aging is regulated by various
external factors such as ultraviolet irradiation, ciga-
rette smoking, alcohol consumption, marital status,
and medical history.>>®!* Skin aging is manifested as
spots, wrinkles, pores, coarseness, and telangiectasia,
which are significantly correlated with the appearance
of elderly individuals.'*'> Therefore, accurate assess-
ment of facial features is of great importance for
esthetic surgeries and may also provide important
information about several skin disorders.

There have been many reports regarding the rela-
tionship between skin aging and environmental fac-
tors.* ¢ Up to 40% of the changes that contribute to
an aged appearance are reported to be due to nonge-
netic factors.>*> The first proposed correlation between
smoking and skin aging was made by Solly in 1856.17

160 © 2014 The Authors Journal of Cosmetic Dermatology Published by Wiley Periodicals, Inc.
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Table 1 Baseline characteristics of subjects

Men (n = 25)
No. of twin pairs (%)

Women (n = 40)
No. of twin pairs (%)

Facial skin aging in Japanese monozygotic twins * R Ichibori et al.

Table 1 (continued)

Men (n = 25)
No. of twin pairs (%)

Women (n = 40)
No. of twin pairs (%)

Age ) 1(4.0) 4(10.0)
0 (0.0) 7(17.5) 4 (16.0) 2 (5.0)
40-49 (=)
3(12.0) 6 (15.0) 20 (80.0) 34 (85.0)
50-59 (=M(=)
4 (16.0) 18 (45.0) Cardiovascular disease
60-69 (+)+) 0(0.0) 1(2.5)
8(32.0) 7(17.5) 2 (8.0) 1.5
70-79 (M=)
10 (40.0) 2(5.0 23 (92.0) 38 (95.0)
80-89 (=Y(=)
Alcohol consumption: Twin1/Twin2 Asthma
16 (64.0) 13 (32.5) oY, 0 (0.0) 1(2.5)
() 0 (0.0) 0(0.0)
4(16.0) 8 (20.0) (=)
(=) 25 (100.0) 39 (97.5)
5(20.0) 19 (47.5) (=)(=)
(=0(=) Depression
History of smoking (+)/+) 0 (0.0 0(0.0)
18 (72.0) 4(10.0) 0 (0.0) 2 (5.0)
() (=)
2(8.0) 6 (15.0) 25 (100.0) 38 (95.0)
(M=) (=¥(=)
5(20.0) 30(75.0) History of hormone replacement therapy
(=) ) 0(0.0) 2 (5.0)
Marital status 2 (8.0) 9 (22.5)
23 (92.0) 32 (80.0) =)
() 23 (92.0) 29 (72.5)
1 (4.0) 5(12.5) (=)(=)
M=)
0(0.0) 2(5.0)
(=(=) Mean (range) Mean (range)
1(4.0) 1(2.5)
Missing Body mass index 22.9 (14.9-30.8) 21.6 (17.1-27.8)
Sun exposure
QOutdoor work
10 (40.0) 4(10.0)
(H/(+) . .
7 (28.0) 7(17.5) Sun exposure has also been associated with an older
(=) appearance and has been suggested to accelerate with
. 8 (32.0) 29 (72.5) age. Similarly, a history of outdoor activities and fail-
(6) t(d_) t ure to use sunscreen has been correlated with an older
utaoor sports 5,16 6
7 (28.0) 12 (30.0) appearance. Guyuron et al.” reported that the use
(H+) of hormone replacements helped to preserve a younger
) 8 (32.0) 11@27.5) appearance. The use of antidepressants, various dis-
ST 10 (40.0) 17 42.5) eases (diabetes, asthma, and cardiovascular disease),
(=)(=) marital status, alcohol consumption, and BMI have
Sunscreen or foundation use also been suggested to be associated with skin
(/) 3(21«23'85 32 gggg aging.?>® Despite the number of studies on skin aging,
v ' ’ the effects of various environmental factors are still not
22 (88.0) 4(10.0) conclusively understood.
M=) The study of twins, especially MZ twins, provides a
M{;(;g;!e:sstory unique opportunity to control for age, gender, and
genetic susceptibility to aging in order to analyze envi-
(continued) ~ ronmental influences on aging. Gunn et al. performed
heritability analyses of skin aging features in the twin
© 2014 The Authors Journal of Cosmetic Dermatology Published by Wiley Periodicals, Inc. 161
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Figure 2 The differences in the VISIA scores lor spots, wrinkles, pores, texture, and erythema in twin pairs. As the age of the twin
increased, the intrapair differences in texture scores significantly increased as well (P = 0.03).

Table 2 Comparison of the VISIA scores ol each factor in the twins of each pair who provided answers to the medical interviews

Average VISIA score

Spots Wrinkles Pores Texture Erythema

Alcohol consumption (+) (n = 12) 3.63 8.94 2.25 4.33 3.73
Alcohol consumption () (n = 12) 3.56 8.76 2.06 3.86 3.4

Smoking (+) (n = 8) 3.85 13.39 2.88 6.11% 4.49
Smoking (—) (n = 8) 3.83 9.64 2.57 4.46* 3.89
Hormone replacement (+) (n = 11) 3.2 8.02 2.21 4.35 3.36
Hormone replacement (—) (n = 11) 3.21 8.06 2.19 4.15 3.48
Sun exposure (+) (n = 19) 3.48 8.91 2.02 3.48 3.62
Sun exposure (=) (n = 19) 3.88 8.8 2N 4.1 3.74
Marital status (+)7 (n = 6) 3.69 8.03 2.38 3.88 3.95
Marital status (=) (n = 6) 3.46 8.43 2.53 4.89 3.74
Diabetes (+) (n = 6) 4.47 12.38 2.93 6.09 4.44
Diabetes (=) (n = 6) 416 10.74 3.02 5.87 4.29
Cardiovascular disease (+) (n = 3) 412 9.4 3.02 6.02 418
Cardiovascular disease (—) (n = 3) 4.27 12.7 2.75 5.88 4.35
Depression (+) (n = 2) 4.83 10.23 2.23 4.33 3.83
Depression (=) (n = 2) 4.02 11.63 1.83 3.88 3.98
Foundation or sunscreen use (+) (n = 9) 3.82 7.91% 2.27 4.26 3.56
Foundation or sunscreen use () (n = 9) 3.88 11.71* 2.35 4.62 3.73
Body mass index (large)* (n = 11) 3.76 11.47 3.05 6.35 4.13
Body mass index (small)* (n = 11) 4.08 136 2.82 5.95 4.26

The numbers are the average scores of each twin.

*<0.05

tMarital status (+) twin showed the twins who were married. Marital status (—) twin showed the twins who were not married.
1The BMI (large) was >4 BMI points of the BMI (small).

population and demonstrated that 41-60% of the vari- by genetic factors.*? Shekar et al.'® concatenated the
ations in sun damage, skin wrinkling, wrinkle depth, variations in epidermal reticular patterning into
and pigmented age spot measurements were explained genetic and environmental influences and estimated
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the concomitant effects of sun exposure and skin color
in MZ twins.

The objective evaluation of the characteristic features
of the facial skin, however, has rarely been reported.
The VISIA® Complexion Analysis System enables the
procurement of high-quality digital facial photographs
with standardized lighting and configurable head posi-
tioning. The images obtained allow the quantitation of
the physical properties of the cheek skin, such as spots,
wrinkles, pores, texture, and erythema. Differences in
these properties between individual MZ twins were
objectively analyzed, in this study, by the VISIA sys-
tem.

The results indicated that as the age of the twins
increased, the intrapair differences in facial texture
scores also increased significantly (P = 0.03), suggest-
ing that facial texture tends to be influenced by envi-
ronmental factors. Environmental factors, including
smoking and failure to use sunscreen or foundation,
resulted in significantly higher facial texture and wrin-
kle scores (P = 0.04 and 0.03, respectively). These
observations suggest that cigarette smoking and skin
protection might markedly affect skin aging. Alcohol
consumption, hormone replacement use, sun exposure
history, marital status, medical history, and BMI did
not demonstrate a significant correlation with facial
skin aging. These results did not completely support
previous reports, possibly due to the more objective
assessments achieved using the VISIA system. How-
ever, ethnic differences may also affect skin aging.

The main limitation of this study was the sample
size. If the sample sizes for most factors were suffi-
ciently large, the intrapair differences of most environ-
mental factors would be expected to be more
significant. Moreover, our study had a bias toward a
disproportionate number of female subjects. If more
male subjects were included, the impact of additional
environmental factors might be more apparent. Fur-
ther investigations may help clarify the relationship
between other environmental factors and skin aging in
MZ twins.

As the age of the twins increased, facial texture
scores were less similar between individual twins,
within a pair. This suggests that facial texture is influ-
enced by environmental factors rather than solely by
genetic factors. Moreover, smoking and the failure to
use skin protection resulted in significantly higher
facial texture and wrinkle scores. These environmental
factors were identified as important environmental fac-
tors contributing to skin aging.

Facial skin aging in Japanese monozygotic twins * R Ichibori et al.
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Abstract

Purpose Surgical repair of symptomatic perineal hernia
is challenging, especially via a perineal approach with
limited exposure of the hernia sac. Furthermore, insecure
fixation of autologous or synthetic materials to bony
structures often results in recurrence. Here, we describe the
application of a titanium mesh for perineal hernia repair.
Methods We performed hernia repair with a thin titanium
mesh via a perineal approach in three patients who devel-
oped secondary perineal hernia following abdominoperi-
neal resection. After the hernia sac was isolated and
dissected, the titanium mesh was molded and placed over
the ischium and coccyx to support the pelvic floor.
Results No major complications occurred, and all three
patients were free of recurrence at follow-up after 73, 109,
and 6 months, respectively. The patients experienced slight
pain in the perineal region when sitting, which resolved
within 6 months.

Conclusion Our successful preliminary results indicate
that a titanium mesh is useful for perineal hernia repair by
the perineal approach, as it can provide rigid support for
the pelvic floor by its entire surface while ensuring stability
without any fixation.

Keywords Perineal hernia - Titanium mesh -
Perineal approach - Abdominoperineal resection
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Introduction

Symptomatic perineal hernia is a relatively rare compli-
cation following major pelvic surgery. Secondary perineal
hernia after abdominoperineal resection was first reported
by Yeoman in 1939 [1]. This complication occurs usually
within 1 year postoperatively, with reported incidence
rates of approximately 1 and 10 % following abdomino-
perineal resection and pelvic exenteration, respectively
[2-4]. Surgery is the only effective treatment for perineal
hernia, although the complex anatomy of the pelvic floor
and high abdominal pressure make the management
challenging. To date, a number of surgical techniques
have been reported, including simple closure of the pelvic
defect and use of autologous and prosthetic materials
such as fascia lata grafts and polypropylene meshes;
however, a “gold standard” of care has yet to be estab-
lished [3, 5-7].

Here, we present three cases of symptomatic perineal
hernia repair performed via a perineal approach with a thin
titanium mesh, which provides rigid support for the pelvic
floor, while ensuring stability of bony structures without
any fixation.

Case reports
Case 1

A 68-year-old female visited our hospital with painful
bulging of the perineum (Fig. 1A) 13 months after she had
undergone abdominoperineal resection (APR) for rectal
cancer. A computed tomography (CT) scan showed a
herniation of the small bowel protruding into the perineal
area, confirming the diagnosis of a perineal hernia

@ Springer

436



588

Hernia (2014) 18:587-590

(Fig. 1B). After cancer recurrence was excluded, a her-
nioplasty was performed in the jack-knife position via a
perineal approach. A hernia sac was identified and the
dissection proceeded in all directions until the bony
structures were identified on each side and posterior aspect
of the pelvic outlet. A titanium mesh (Titanium Micro-
mesh MINI 2.0, Unimedic, Osaka, Japan), which was
molded to measure approximately 2 cm longer in width
than the patients’ inter-ischiatic distance (measuring
14 x 10 cm, Fig. 1C), was inserted into the intra-perito-
neal space and placed over the bilateral ischial tuberosities
and coccyx. The mesh was stabilized without any fixation
(Fig. 1D). To prevent direct contact between the mesh and
small bowel, the surrounding adipose tissue was ade-
quately interposed between the mesh and repaired hernia
sac. No major postoperative complication was noted. The
patient experienced slight pain in the perineal region
when sitting, which resolved within 6 months. Regular
follow-up with CT scan revealed no evidence of hernia
recurrence or mesh malposition for more than 6 years
(Fig. 2A-C).

Fig. 1 A Preoperative image (“Case 1”). The patient suffered painful
bulging in the perineal region. B Preoperative computed tomography
scan revealed a herniation of the small bowel protruding into
the perineum (arrow). Reproduced from Ref. [18] with permission.
C A thin titanium mesh was molded intraoperatively to measure

@ Springer

Case 2 and 3

A 75-year-old female (case 2) and a 77-year-old female
(case 3) visited our hospital with bulging of the perineum 9
and 12 months after they had undergone APR for rectal
cancer, respectively. Indications for hernia repair were
nausea caused by psychological stress due to bulging in the
perineum in case 2, and a pain in the perineum in case 3.
After cancer recurrence was excluded, a hernioplasty was
performed via a perineal approach in the same manner as in
case 1. Postoperative courses were uneventful in both
cases, and there is no evidence of hernia recurrence for
more than 9 years in case 2, and for 6 months in case 3.

The characteristics of the three patients are summarized
in Table 1.

Discussion

There are three major approaches to perineal hernia repair:
abdominal, perineal, and combined abdominoperineal

approximately 2 cm longer in width than the patient’s inter-ischiatic
distance. D The mesh was inserted into the intra-peritoneal space and
placed over the bilateral ischial tuberosities (i) and coccyx (c). It
gained stability without any fixation. Reproduced from Ref. [18] with
permission
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Fig. 2 A Computed tomography (CT) scan performed in “Case 1”
2 years post-hernioplasty revealed no hernia recurrence. Reproduced
from Ref. [18] with permission. B, C Three-dimensional CT images

Table 1 Patient characteristics

obtained 2 years postoperatively show no malposition of the titanium
mesh. Anterior view (B) and posterior view (C)

Case no. Age Sex Indication Type of initial Period between initial Follow-up  Recurrence Complications
for repair operation operation and herniation  period of hernioplasty
(months) (months)
1 68 Female Painful perineal bulging ~APR 13 73 No No
2 75 Female Perineal bulging, nausea APR 9 109 No No
3 77 Female Painful perineal bulging ~APR 12 6 No No

APR abdominoperineal resection

approaches [8, 9]. The abdominal approach allows
mobilization of adherent bowel loops and fixation of
autologous or synthetic materials to the bony pelvis under
direct vision [10]; however, the surgical procedure is
relatively invasive, adhesions sometimes hinder
access to the pelvic contents. Since the abdominal cavity
is not entered in the perineal approach, it causes less
morbidity than the abdominal approach, and the risk of
infection is likely lower especially when using synthetic
materials. However, the rate of recurrence after perineal
hernia repair by the perineal approach is reportedly very
high, ranging from 23 to 100 % [10-12]. Although use of
autologous or synthetic materials such as fascia lata grafts
or polypropylene meshes is a suitable option to prevent
recurrence, adequate fixation of supportive materials to
bony structures often present difficulties due to limited
exposure. Furthermore, even if adequate fixation to the
periosteum of the pelvis is achieved, the supportive
materials without direct fixation to the bone can be
gradually malpositioned due to the high shear stress
between the periosteum and bone [13].

and

In our patients, we used a thin titanium mesh to support
the pelvic floor. This material has been widely used in the
field of maxillofacial surgery as it causes less foreign-body
and hypersensitivity reactions [14, 15]. Importantly, the
titanium mesh, which was molded to comfortably fit the
pelvic defect, was securely placed over the bony structures
via the perineal approach without requiring any fixation. In
addition, unlike other synthetic materials such as poly-
propylene meshes, titanium mesh can provide rigid support
for the pelvic floor by its entire surface, thereby decreasing
the shear stress between the mesh and bony structures. A
previous report suggested the risk of intestinal perforation
due to adhesion of the synthetic mesh to the bowels [16].
To prevent this, we interposed an adequate volume of
adipose tissue to avoid direct contact between the titanium
mesh and repaired hernia sac.

Apart from adequate fixation, the strength of the support
material is also a critical factor that can help prevent
recurrence. Ego-Aguirre et al. [17] reported that, after
repair of a perineal hernia following pelvic exenteration
using a stainless steel wire mesh (Tantalum mesh), a late
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