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INTRODUCTION

Nipple reconstruction is the final surgical step in breast recon-
struction. Over the years, several techniques for reconstructing 

the nipple following skin-sparing mastectomy and breast recon-
struction have been described. Long-term maintenance of nip-
ple projection following nipple reconstruction has been a major 
concern, because in most cases projection of the reconstructed 
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Background The objective of this paper was to describe a novel technique for improving the 
maintenance of nipple projection in primary nipple reconstruction by using acellular dermal 
matrix as a strut in one of three different configurations, according to the method of prior 
breast reconstruction. The struts were designed to best fill the different types of dead spaces 
in nipple reconstruction depending on the breast reconstruction method.
Methods A total of 50 primary nipple reconstructions were performed between May 2012 
and May 2015. The prior breast reconstruction methods were latissimus dorsi (LD) flap (28 
cases), transverse rectus abdominis myocutaneous (TRAM) flap (10 cases), or tissue expander/
implant (12 cases). The nipple reconstruction technique involved the use of local flaps, inclu
ding the CV flap or star flap. A 1×2cm acellular dermal matrix was placed into the core 
with O, I, and Lshaped struts for prior LD, TRAM, and expander/implant methods, respec
tively. The projection of the reconstructed nipple was measured at the time of surgery and at 
3, 6, and 9 months postoperatively.
Results The ninemonth average maintenance of nipple projection was 73.0% ±9.67% for 
the LD flap group using an Ostrut, 72.0%±11.53% for the TRAM flap group using an Istrut, 
and 69.0%±10.82% for the tissue expander/implant group using an Lstrut. There were no 
cases of infection, wound dehiscence, or flap necrosis.
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nipple decreases as time elapses. Various “pull-out” local flaps 
from adjacent breast tissue such as C-V, bell, skate, and star flaps 
have been reported. A reported average 50% loss of nipple pro-
jection with these techniques has been discussed in the litera-
ture [1]. Several articles have reported between 30% and 70% 
resorption, depending on the surgical methods used [1-5]. Re-
cently, an acellular dermal matrix (AlloDerm, LifeCell Corp., 
Branchburg, NJ, USA) that can be revascularized has been used 
with increasing frequency for many types of breast reconstruc-
tive procedures as a supportive tissue bridge [6-16]. However, 
its use in primary or secondary nipple reconstruction is not 
well-documented. Long-term follow-up studies of nipple recon-
struction with the use of an acellular dermal matrix for nipple 
projection are scarce. Nahabedian [17] reported the use of Allo-
derm, resulting in a decrease to 52% of the original height in 
secondary nipple reconstruction. Garramone and Lam [18] re-
ported the use of AlloDerm in primary nipple reconstruction. 
The small improvements in projection shown in these results 
have led us to seek a modified strut technique with which to en-
hance long-term nipple projection. In previous studies, the in-
sertion route of the acellular dermal matrix was uniform for all 
forms of prior breast reconstruction. When an autologous breast 
reconstruction method such as the latissimus dorsi flap or the 
TRAM flap is used, there is usually plenty of skin available with 
a thick dermal portion. However, in expander/implant-based 
reconstruction, there may be a paucity of skin available. Because 
the dead space beneath the newly reconstructed nipple has dif-
ferent profiles of dermal and fatty layer thickness in each of these 
breast reconstruction methods, we designed the tailored O, I, 
and L struts, each with a different shape to efficiently replace the 
dead space in each breast mound. As the resorption rate of the 
reconstructed nipple may be higher when the dermal thickness 
of the breast skin is thinner, we believe that the use of an acellu-
lar dermal matrix to reduce resorption rates with different strut 
types based on the prior breast reconstruction technique shows 
better long-term nipple projection outcomes. The strut concept 
for nipple reconstruction has not been described previously in 
the literature. We introduce the O, I, and L strut concepts for the 
first time, each intended for a different prior reconstruction 
method. With this study, we were able to assess a newer tech-
nique for primary nipple reconstruction using acellular dermal 
matrix and to determine whether the long-term outcomes 
would justify its usage. 

METHODS

Patients
This study retrospectively investigated nipple reconstruction 

cases using the acellular dermal matrix (MegaDerm, L&C Bio 
Corp., Seoul, Korea) with a C-V or star flap between May 2012 
and May 2015 in our center. A total of 50 primary nipple recon-
structions using acellular dermal matrix were performed. The 
subject selection criteria were as follows: patients treated with 
skin-sparing mastectomy for breast cancer; 9-month or longer 
follow-up; no prior radiotherapy; and use of an latissimus dorsi 
(LD) flap, transverse rectus abdominis myocutaneous (TRAM) 
flap, or expander/implant for previous breast reconstruction. 
Exclusion criteria were as follows: secondary or tertiary nipple 
reconstructions and use of other nipple reconstruction tech-
niques (skin graft, composite graft, etc.). Prior breast reconstruc-
tions were performed in 28 patients with the LD flap, in 10 pa-
tients with the free TRAM flap, and in 12 patients with the tis-
sue expander/implant. There were no matched control groups.

Surgical techniques
Each lateral wing flap measured 2 cm in length, 1.5 cm in width, 
and 1.5 to 2.0 cm in height. Projection of the nipple was usually 
1.5 to 2.0 cm at completion, based on the projection of the op-
posite nipple. The operations were performed under local anes-
thesia using 1:3 lidocaine:saline solution without epinephrine. 
The senior author selected a C-V flap or star flap pattern accord-
ing to the tension of the skin envelope intraoperatively. When 
the central wing donor site had to be undermined to achieve a 
tension release, we used a star flap design. The dermal flap was 
outlined, incised, and elevated in the subcutaneous plane with a 
scalpel. The donor sites of the lateral wings were undermined to 
minimize the tension around the new nipple and closed with 
4-0 Vicryl (Ethicon Inc., Somerville, NJ, USA) and 5-0 nylon. 
The bilateral elevated wing flaps were wrapped around each oth-
er and sutured with 6-0 nylon.

A 1 × 2-cm precut of Megaderm was inserted and sutured with 
5-0 Vicryl around the pocket created by the approximated later-
al wing flaps. The position of the acellular dermal matrix was 
determined by the characteristics of the dead space according to 
the method used in prior breast reconstruction to serve as a cen-
tral strut to support the projection and prevent nipple drooping. 
In the LD flap, there is a thick layer of dermis and a thin layer of 
subcutaneous fat. To support the projection and fill the dead 
space mainly from the lower fat portion of the mound, we posi-
tioned the O-shaped strut flat beneath the nipple base under the 
lateral wings of the local flap (Fig. 1). In the TRAM flap mound, 
there was less dermal thickness, but a more sufficient portion of 
fat than in the LD flap group. The I-shaped strut was inserted 
vertically, wrapped between the lateral wings of the local flap to 
support the dermal portion of the reconstructed nipple. Finally, 
in the expander/implant group, there was a thinner layer of der-
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mis and fat in the reconstructed nipple and the surrounding do-
nor tissue than with the other two methods. The L-shaped strut 
was constructed by hatching and folding the straight acellular 
dermal matrix and positioned from the base to the tip of the re-
constructed nipple to support the dermal and fat portion simul-
taneously. 

The top of the new nipple was then closed using 6-0 nylon. Af-
ter the incisions were closed, nitric oxide ointment (Rectogesic) 
was applied to aid flap circulation and molded foam dressings 
were used to preserve nipple projection. Postoperative use of 
this dressing was maintained for 6 weeks.

Assessment of projection
The projection of the reconstructed nipple was measured in mil-
limeters with calipers from the base of the nipple to the tip of 
the nipple at the time of surgery and at 3, 6, and 9 months post-

operatively. Maintenance of nipple projection was calculated as 
the percentage of final projection measurement relative to the 
initial projection measurement. Surgical records and complica-
tions were also reviewed.

RESULTS

The mean age of the patients was 49 years (range, 37 to 66 years). 
The follow-up period ranged from 9 months to 17 months (mean, 
11 months). The ratio of the number of patients receiving the 
C-V flap to those receiving the star flap was 7:3. In the LD flap 
group using the O-strut, nipple projection fell from an average 
of 1.6 cm at the time of surgery to an average of 1.1 cm at 9 months. 
In the TRAM flap group using an I-strut, nipple projection mea-
surements fell from an average of 1.5 cm at the time of surgery, 
to an average of 1.1 cm at 9 months. For the tissue expander/

Primary nipple reconstruction using acellular dermal matrix as a central strut is shown. (A) The schematic illustration shows that the position of 
the acellular dermal matrix was determined by the method of prior breast reconstruction to serve as a central strut to support the projection. he 
O-strut for an LD flap (a), I-strut for TRAM flap (b), and L-strut for expander/implant (c) are shown. The 3 cases demonstrate the relative differ-
ences in dermal and fat thickness. (B) A piece of 1×2 cm MegaDerm is trimmed into an ‘O’ shape for insertion and fixed with 5-0 Vicryl as the 
O-strut transversely beneath the wrapped bilateral flaps in cases following LD flap reconstruction. (C) MegaDerm is placed into the core between 
the lateral wing flaps vertically in the I-strut in cases following TRAM flap breast reconstruction. (D) MegaDerm is inserted as the L-strut from the 
space between the lateral wings to the space beneath the new nipple following expander/implant breast reconstruction. The bottom of the ‘L’ is 
positioned flat on the base of the new nipple and is hidden in this photo. The column of the ‘L’ shown in the photo is fixed vertically and wrapped 
inside the lateral wings. LD, latissimus dorsi; TRAM, transverse rectus abdominis myocutaneous.

Fig. 1. Core struts with each breast reconstruction method
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implant group using an L-strut, nipple projection fell from an 
average of 1.5 cm at the time of surgery, to an average of 1.0 cm 
at 9 months postoperatively. The average 9-month maintenance 
of nipple projection was 73.0% ± 9.67% (mean, standard devia-
tion) for the LD flap group using the O-strut, 72.0% ± 11.53% 
for the TRAM flap group using the I-strut, and 69.0% ± 10.82% 
for the tissue expander/implant group using the L-strut. Post-
operative photographs of each reconstruction are shown in Figs. 
2–4. The mean operative time was 32 minutes. The average time 

to complete healing was 3 weeks. There were no cases of flap 
necrosis, infection, wound dehiscence, or any other associated 
complications.

DISCUSSION

Long-term maintenance of nipple projection in nipple recon-
struction is a major concern because projection of the recon-
structed nipple decreases as time elapses in most cases. The rea-
son for this postoperative projection loss is multifactorial. We 
believe that poor circulation, skin contractures related to skin 
tension, flap necrosis, and dead space beneath the flap or a thin-
ner dermal layer may promote the absorption process. The ratio 
of epidermis, dermis, and subcutaneous fat varies and is depen-
dent on the quality of skin, the type of breast reconstruction, 
and the surgical technique used [17]. LD flaps are most likely to 
be related to increased dermal thickness of the skin and a small 
amount of subcutaneous fat. TRAM flaps are associated with a 
thin dermal layer and a larger volume of subcutaneous fat. Fol-
lowing tissue expander/implant reconstruction, the breast der-
mis and subcutaneous fat are much thinner than those following 
autologous flap reconstruction because the breast tissue has 
been expanded. Thinner dermal and subcutaneous fat layers 
may lead to increased dead space, contraction, central depres-
sion, and consequent shrinkage or drooping of the reconstruct-
ed nipple. Moreover, the amount of dead space beneath the re-
constructed nipple originating from the varying ratios of dermis 
and subcutaneous fat in each method of breast reconstruction 

A lateral view of a 47-year-old female breast demonstrating nipple 
projection of 1.6 cm immediate postoperatively (A) and 1.1 cm at 
the 9-month (B) follow-up, after TRAM flap reconstruction. The I-strut 
was positioned vertically and wrapped between the lateral wings of 
the C-V flap. TRAM, transverse rectus abdominis myocutaneous.

Fig. 3. Clinical photos in a TRAM flap patient

A B

A lateral view of a 59-year-old female breast demonstrating nipple 
projection of 1.5 cm immediate postoperatively (A) and 1.1 cm at 
the 9-month (B) follow-up, after tissue expander/implant recon-
struction. The L-strut was applied at the base and in the space be-
tween the lateral wings of the reconstructed nipple.

Fig. 4. Clinical photos in a tissue expander/implant patient

A B

A lateral view of a 41-year-old female breast demonstrating nipple 
projection at postoperative 6 days (A) and the 9-month (B) follow-
up, after LD flap reconstruction. An O-strut was applied flat under-
neath the new nipple in this LD case. The projection of the nipple 
was 1.7 cm on postoperative day 1 and 1.2 cm at postoperative 9 
months. LD, latissimus dorsi.

Fig. 2. Clinical photos in an LD flap patient

A B
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may account for the projection loss or nipple drooping as the 
dead space contracts.

Recently, acellular dermal matrix has become readily available 
in a precut packaged format. This can be easily applied between 
the elevated dermal flaps for improved nipple reconstruction. 
Nahabedian [17] was the first to describe the use of AlloDerm 
augmentation in secondary and tertiary nipple reconstruction 
using an elongated C flap and a C-V flap. This study involved 8 
patients with both implant and autologous tissue reconstructed 
breasts. Garramone and Lam [18] reported that the 12-month 
average maintenance of nipple projection was 56% for a TRAM 
flap group and 47% for a tissue expander group with Alloderm 
use. The use of acellular dermal matrix as a core strut in primary 
nipple reconstruction has been demonstrated in our study. Al-
though shrinkage of the nipple did occur, the final projection 
observed at 9 months was greater than that of the other reported 
12-month follow-up study (73.0% for the LD flap group, 72.0% 
for the TRAM flap group, and 69.0% for the tissue expander/
implant group versus 56% for the previous TRAM flap group 
and 47% for the tissue-expanded group [18]). These results 
were encouraging because we supposed our 1-year follow-up re-
sults would not be much different from the 9-month follow-up 
results according to previous studies reporting the stabilization 
of the nipple projection at 6 months postoperatively [1,19]. We 
presume that the acellular dermal matrix fills the dead space be-
neath the nipple and the supporting tissue caused by lower der-
mal or subcutaneous fat thickness in each breast reconstruction, 
thus alleviating the contracture and loss of the projection. Fur-
ther biopsy-proven studies should investigate how tissue incor-
poration is observed in the host tissue where the acellular der-
mal matrix was originally placed and further follow-up observa-
tions must be followed.

In previous studies, the insertion pattern of the acellular der-
mal matrix was uniform whatever the method used for the prior 
breast reconstruction. When the LD flap is used, there is plenty 
of skin available, with a thick dermal portion and thin subcuta-
neous fat. In the TRAM flap, there is little skin available, with a 
thin dermal portion and thick subcutaneous fat. In expander/
implant-based reconstruction, there may be a paucity of skin and 
subcutaneous fat available because of expansion of the skin en-
velope. Differences in both the dermal thickness and the amount 
of subcutaneous fat with each method of breast reconstruction 
may result in different amounts of dead space beneath the local 
flap. If not filled, this dead space can result in nipple contraction 
and drooping. Given that the resorption rate of the reconstruct-
ed nipple would increase with decreased skin and subcutaneous 
fat thickness and increased dead space, we have developed a 
strut application that varies according to breast reconstruction 

method. This study focused on addressing the different charac-
teristics of the dead space according to the prior reconstruction 
method. We assumed that filling the dead space in each different 
breast mound with an appropriately tailored volume and shape 
of acellular dermal matrix would reduce the contraction forces 
and thus the extent of absorption of the reconstructed nipple. 
The LD flap comprises a thick layer of dermis and a thin layer of 
subcutaneous fat. To support the projection and fill the dead 
space mainly from the lower fat portion of the mound, we used 
the O-strut transversely beneath the nipple in the LD flap mound 
(Fig. 1A). In the TRAM flap mound, the dermis was thinner, 
but with a greater portion of fat than in the LD flap group. The 
I-strut was thus applied vertically and wrapped with the flap to 
support the dermal portion of the reconstructed nipple. Finally, 
in the expander/implant group, there was a lower volume of 
both dermis and fat in the reconstructed nipple and the surround-
ing donor tissue relative to the other two methods. In this group, 
we positioned the L-strut to support the dermal and fat portions 
simultaneously. Each of these strut shapes are intended to con-
tribute to reducing the long-term resorption rate as an efficient 
dermal and fatty replacement. 

In our study there are a few limitations. First, the TRAM flap 
and expander/implant groups contained only a small number 
of patients. A further study including a larger number of patients 
should be performed. Second, the follow-up period in our study 
was relatively short, given that similar studies have reported 1-year 
follow-up results. However, we chose 9 months postoperatively 
as our endpoint because in a prior study of our center, we found 
that the nipple projection showed little change between the 
9-month follow-up and 1-year follow-up [19]. Shestak et al. [1] 
also reported that the greatest loss of projection occurred in the 
first 3 months and stabilized at 6 months with a skate or C-V 
flap. We thus believe a 9-month postoperative period can be 
considered acceptable for reporting results as “long-term”. Al-
though follow-up beyond 12 months and biopsy-proven dermal 
replacement are still needed as follow-ups to our study, the pres-
ent study has successfully demonstrated the viability of the con-
cept of using different strut types to maintain nipple projection 
in nipple reconstruction after different breast reconstruction 
methods. Applying acellular dermal matrix in one of three dif-
ferent shaped struts for each method of breast reconstruction is 
an effective addition to the current techniques for improving 
the maintenance of long-term projection in primary nipple re-
construction.
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