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Abstract
Introduction: Breast cancer cases, mastectomy and following reconstruction
procedures are growing in numbers. Despite being lifesaving, mastectomies
have a destructive psychological impact on the patients. On the other hand,
breast reconstruction improves psychological damages within the same population. Various techniques for nipple reconstruction were described in literature. Trillium flap is an innovative technique to reconstruct neo-nipple
with several advantages that make it superior to other popular flaps. Objectives: To come up with an innovative design for reconstructing a neo-nipple
post mastectomy, that is superior to other popular flaps. Results: The Trillium flap design has less visible and easily camouflaged scars, is geometry-based, specific, well-detailed and flexible to produce a tailored nipple with
any desired height and diameter and ensures the flaps good vascularity and
the neo-nipple projection sustainability. Conclusion: Trillium flap is an innovative technique to reconstruct neo-nipple with several advantages that
make it superior to other popular flaps. The results shown in the study are for
experimental procedures done on human tissue samples of excised flaps from
abdominoplasties and brachioplasties. Further application on actual cases is
needed with monitoring of neo-nipple projection sustainability on the long
term.
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1. Introduction
It is estimated that there are more than 3.8 million women living in the United
States with a history of invasive breast cancer, and 268,600 women will be newly
diagnosed in 2019. More than 150,000 breast cancer survivors are living with
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metastatic disease, three-quarters of whom were originally diagnosed with stage
I through III cancer [1].
Mastectomy is done for 34% of patients with early-stage (stage I or II) breast
cancer, more than two-thirds (68%) of patients with stage III disease and only
12% of patients with stage IV [2] (Figure 1).
Being diagnosed with breast cancer and undergoing mastectomy lead to serious psychological issues regarding self-esteem, self-consciousness and sexual
intimacy suggesting the need for cognitive interventions [3] [4] [5] [6] [7]. On
the other hand, breast reconstruction was found to have a benefit for improving
the psychological damages in patients with breast cancer [8] [9].
There are various reports of nipple areola complex (NAC) reconstruction with
flaps in the medical literature [10]. Without significant differences, all techniques
have nearly an equal rate of complications e.g. flap vascular compromise on the
short term and loss of projection on the long term [11].

2. Ideal Nipple Areola Complex (NAC)
• Height and diameter:
In a morphologic study of nipple-areola complex in 600 breasts, Sanuki et al.
analyzed the results statistically to come up with the findings shown in Table 1.
They also found that the mean diameter of the areola in women who gave birth
was 0.5 cm larger than that of those who did not. They classified the sample according to the relation between nipple height and diameter as shown in Table 2
[12].

Figure 1. Female Breast Cancer Treatment Patterns (%) by Stage, 2016. *A small number
of these patients received chemotherapy. †A small number of these patients received
radiation therapy (RT). BCS indicates breast-conserving surgery; chemo, chemotherapy
(includes targeted therapy and immunotherapy) [2].
Table 1. Diameter of the nipple-areola complex and height of the nipple found by Sanuki
et al. [12].
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Mean

Range (Max - Min)

Standard Deviation (cm)

Diameter of areola

4.0

(7.0 - 2.0)

1.0

Diameter of nipple

1.3

(2.3 - 0.6)

0.3

Height of nipple

0.9

(2.0 - 0)

0.3
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Table 2. Classification of nipple shape according to the relation between nipple height
and diameter found by Sanuki et al. [12].
Finding

Classification

Relation between
Diameter (d) and Height (h)

600 Breasts
(%)

Is

d≤h

39 (6.5%)

I sp

d≤h
+constriction

25 (4.2%)

II s

d>h

361 (60.2%)

II sp

d>h
+constriction

152 (25.3%)

III

Inverted nipple

21 (3.5%)

IV

Unclassified

2 (0.3%)

• Position:
The optimal NAC proportions were found by Hauben et al. to be with the
proportion of the upper to the lower pole at a ratio of 45:55. The angulation of
the nipple was upward at a mean angle of 20˚ from the nipple meridian. The
areola-breast and nipple-areola proportions were 1:3.4 and 1:3, respectively [13].
Schiffman, with the patient standing or sitting, utilizes a line from the midclavicular point (MC) to the mid-nipple (N). At the same time, a line is marked
in the center of the chest wall from the center of the sternum superiorly to the
mid-xiphoid process. The inframammary fold is palpated from underneath the
breast inferiorly and the tip of the finger palpated superficially and marked on
the MC to N line [10].
Another study by Lewin et al. determined the preferences for the nipple-areola
complex on the female breast in our study population. The NAC placement preferred by both genders had a ratio of 40:60x and 50:50y (Figure 2), which means
that it was best situated in the middle of the breast gland vertically and slightly
lateral to the midpoint horizontally [14].

3. Geometric Basics
Circle circumference can be calculated as follows:
C: Circumference, π: Pi (22/7), r: Radius, ø: Diameter.

=
C 2=
πr =
πø

22ø
≈ 3ø
7

Circle/cylinder circumference nearly equals three times its diameter.
Supposing that a nipple is a cylinder, and my design depends on building that
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cylinder out of three equal vertical flaps, the width of one flap equals 1/3 of its
circumference equals the cylinder diameter. To make that possible, the length
sides of each one of the three equal flaps should be parallel tangential lines to the
circle that forms the cylinder roof (Figure 3 and Figure 4).

Figure 2. The coordinate system of the breast [14].

Figure 3. The width of one flap equals 1/3 of its
circumference equals the cylinder diameter.

Figure 4. The length sides (B, B) of each one of the three equal flaps
should be parallel tangential lines to the circle that forms the
cylinder roof. The width of one flap equals the cylinder diameter.
DOI: 10.4236/mps.2020.101002
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4. Advantages
1) Visually, scars on the areola are three short scars in three different directions and less noticeable than one long scar in the same direction like most of
other popular nipple reconstruction flaps.
2) Visually, scars on the areola are three short scars that will never exceed the
areola region. After camouflage tattooing, scars will be well-hidden.
3) The design is flexible to be rotated to partially include any previous scars,
i.e. mastectomy scar, in the excision diamond shaped area (X).
4) The design is geometry-based, specific, well-detailed (Figure 5 and Figure
6) and flexible to produce a tailored nipple with any desired height and diameter
according to guidelines illustrated in ideal nipple areola complex section above.
5) Building the nipple by three random flaps ensures the flaps good vascularity more than most of the popular nipple reconstruction flaps that makes the
vascularity of the neo-nipple components depend on one base.
6) Choosing the flaps to be three not more or less is a balance point that has
both advantages of preventing flaps vascular compromise, by being not more
than three flaps, and defying/redistributing the retraction forces that will oppose
the neo-nipple projection, by being not less than three flaps.
7) Projection is held in place by four Polydioxanone sutures that will dissolve
after nearly 180 days, the thing that ensures the neo-nipple projection sustainability.
8) The flap design looks like Trillium Grandiflorum flower for having a significant center (pistil) and reciprocating three petals and three sepals (Figure 7).

Figure 5. 1. The general flap design. 2: Details regarding the equal sides (A)s or (B)s.
A: Neo-nipple diameter, B: Neo-nipple height. 3: The three diamond-shaped skin
excision zones (X) (Excision direction to be vertical on sides between (X) and (U)
zones and bevelled outwards, from (X), on sides between (X) and (E) zones to
ensure that the neo-nipple will look cylidrical not prismatic), The three flap
elevations zones (E), The three undermining zones for easy flap mobilization (U). 4:
Subcutaneous 3/0 Polydioxanone approximation purse string suture that holds the
three flaps bases together (S1) (Approximation is preferred to be done while tracting
the tip of each flap vertically upwards), Three 3/0 Polydioxanone sutures that hold
base corners of each two adjacent flaps (S2).
DOI: 10.4236/mps.2020.101002
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5. Lookalikes
Three designs found in the literature can be mixed up with Trillium flap. Differences are shown in Table 3 and Figure 8 below:

Figure 6. A guide for the main steps of Trilllium flap.
8: The neo-nipple projection.

Figure 7. The flap (A) looks like Trillium Grandiflorum
flower (B) [15] for having a significant center (pistil) and
reciprocating three petals and three sepals.

Figure 8. Trillium Flap (D) and its lookalikes (A [10], B [18], C [20]).
Essential differences are still there in technique and indications of use.
DOI: 10.4236/mps.2020.101002
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Table 3. Trillium Flap and its lookalikes. Essential differences are still there in technique and indications of use.

Purpose

Huang [16] and
modifications [17]

Kim and Singh [18]

Berson [19]

Trillium Flap

Inverted nipple repair

Inverted nipple repair

Neo-nipple reconstruction

Neo-nipple reconstruction

Three diamond-shaped
flaps to pass through
tunnels under the nipple
while the nipple was
Main
retracted, and the
differences
lactiferous ducts and
fibrous tissue were
transected (Figure 8(A)).

It may be considered as one of the first
• Mainly targets Neo-nipple
The elevated dermal flaps are
attempts to reconstruct a neo-nipple.
reconstruction.
passed through the tunnels
Elevation of three thin split thickness flaps • No dermal flaps tunneled
created and sutured to the
based on a central undisturbed skin disk. • No twisting
adjacent deepithelialized
The three flaps were bunched centrally
• Flaps separately depend on
dermal region. Design depends
creating an umbilicated nipple and leaving three peripheral bases not
on twisting and locking
a deepithelialized zone that was allowed to one central base (Figure
principle (Figure 8(B)).
heal as the areola (Figure 8(C)).
8(D)).

6. Discussion and Conclusion
Trillium flap is an innovative technique to reconstruct neo-nipple with several
advantages that make it superior to other popular flaps. The photos of results included in Figure 6 are for experimental procedures done on excised flaps from
abdominoplasties and brachioplasties.
Further application on actual cases is needed with monitoring of neo-nipple
projection sustainability on the long term.
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