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Determining the indications for funnel-assisted implant
insertion using a short incision in reconstructive breast
surgery

Hyeon Uk Jang, So Young Kim Background In light of increasing demands for the use of a shorter incision during im-
plant-based reconstructive surgery due to a paradigm shift to short-incision mastecto-
my and prior radiotherapy, as well as concerns about breast implant contamination,
the use of funnels during implantation is recommended. We aimed to describe our pre-
liminary experiences with funnel-assisted implant insertion and to determine the indi-
cations for funnel usage in reconstructive breast surgery.

Methods A series of 15 consecutive patients who underwent funnel-assisted implant
insertions between March 2018 and January 2019 were included. Funnel-assisted im-
plantation was indicated in patients with a small linear scar (<5 cm) at the mastectomy
site and those who previously underwent chest radiotherapy before implant insertion.

Results Eight patients (53.3%) previously received radiotherapy, while seven (46.6%) un-
derwent total mastectomy using a short incision. In all mastectomy patients, the mean
incision length was 4.73 cm (range, 4.5-5.5 cm), while that of patients who previously
received radiotherapy was 4.62 cm. The patients did not develop wound-related com-
plications (e.g., major and minor skin necrosis). At 6- and 12-month follow-ups, no pa-
tients showed definite capsular contracture (Baker grade Ill and IV).

Conclusions The study confirmed that the use of a highly durable and elastic funnel en-
abled reconstructive surgeons to perform “no touch” implantation using a short incision.
This technique is beneficial for patients who previously received radiotherapy and reduc-
es the risk of wound-related complications through the use of a shorter skin incision.
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INTRODUCTION methods can potentially be used, implant-based breast reconstruc-
tion is a popular method that has the advantages of preventing sac-
There has been an increasing demand for breast reconstruction af-

ter mastectomy worldwide. Although a variety of reconstruction

rifice of the donor site and yielding excellent cosmetic outcomes
[1]. During permanent implant insertion, which involves the im-
plant being inserted into the breast pocket, the implants are care-
tully scrutinized for the presence of microbial biofilms caused by
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contamination of the implant with skin flora, and studies estab-
lished an association between biofilms and capsular contracture
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[2]. Furthermore, although the definite pathogenesis of breast im-
plant-associated anaplastic large cell lymphoma has not yet been
established, chronic inflammation from indolent infections and in-
teractions between the textured surface of the implant outer shell
and the surrounding host tissue have been recently proposed as a
potential factor leading to the stimulation and malignant transfor-
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mation of T cells around the surface of the implant [3].

Therefore, using a “no touch” technique during implant inser-
tion is essential in implant-based breast surgery. Introduced in 2009,
the Keller funnel (Keller Medical, Inc., Stuart, FL, USA) is widely
used in cosmetic breast surgery. This device allows surgeons to in-
sert breast implants without touching the patient’s skin, thereby de-
creasing the risk of skin flora contamination, promoting the cre-
ation of smaller incisions, reducing implant trauma during inser-
tion, and even shortening the time needed to push the implant
through the incision [4,5]. In a cadaveric study, the use of funnels
resulted in a 27-fold decrease in skin contact for all smooth round
gel implants [2]. A retrospective cohort study that was conducted
in 2,800 patients in whom the Keller funnel was used reported a
statistically significant reduction in the prevalence of grade III cap-
sular contracture 12 months after primary breast augmentation us-
ing round implants [4].

In the field of reconstructive breast surgery, whether the “no
touch” technique is a realistic goal during implantation procedures
remains a topic of debate. Traditionally, long skin incisions are
made for implant insertion after mastectomy in order to facilitate
the insertion of implants; hence, demand for the use of funnels
during implant insertion was previously low. Recently, shorter skin
incisions have frequently been made during reconstructive breast
surgery. With the transition from wide skin excision mastectomy to
skin-preserving mastectomy or nipple- and areolar-sparing mas-
tectomy, these techniques have been established as oncologically
safe procedures for patients with early-stage breast cancer. Hence,
the length of the incision created at the implant insertion site is
usually shorter in these types of mastectomy procedures, while the
implants used in breast reconstruction are generally larger than
those used in breast augmentation [6]. Furthermore, some breast
reconstruction patients undergo radiotherapy before implant in-
sertion. In a study of patients who underwent radiotherapy prior to
skin-preserving mastectomy, wound-related complications such as
impaired wound healing, wound dehiscence, and skin necrosis oc-
curred much more frequently (in 10%-23.5% of irradiated breasts)
than in non-irradiated patients (in 1%-2% of breasts) [7]. There-
fore, a shorter incision is frequently required in order to minimize
wound-related complications such as delayed healing, wound de-
hiscence, and wound breakdown.

Under these circumstances, it is more difficult to apply the “no
touch” technique when manually inserting a large breast implant
through a shorter incision using only sterile retractors. Hence, funnels
should be used during implantation, even in reconstructive breast sur-
gery. To our knowledge, the insertion of implants through a funnel us-
ing the “no touch” technique has not yet been established in the field of
reconstructive breast surgery. Hence, we aimed to describe our pre-
liminary experiences of funnel-assisted implant insertion in patients
who underwent reconstructive breast surgery and to determine de-
finitive indications for funnel usage in reconstructive breast surgery.
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METHODS

Study design

The present study included a series of 15 consecutive patients who
underwent funnel-assisted implant insertions for implant-based
breast reconstructions between March 2018 and January 2019. In
the study, funnel-assisted implant insertion through a short inci-
sion was primarily indicated for patients with a small linear scar
(length of <5 cm) on the mastectomy site and a history of chest ra-
diotherapy prior to implant insertion.

The Art funnel (Art Meditech, Seoul, Korea), which is composed
of a rip-stop nylon sleeve with a hydrophilic inner coating, was
used during implant insertion. This hydrophilic inner coating of
the funnel can lower the coefficient of friction (Fig. 1). Therefore,
this funnel allows the implant to slide into the pocket smoothly
and minimizes implant trauma during insertion, while the funnel
acts as a barrier against the transmission of skin flora. This retro-
spective study was reviewed and approved by the Institutional Re-
view Board (IRB No. 2020-01-001) for human subject research,
and patient consent was obtained.

Funnel-assisted implantation technique

All reconstructive procedures were performed by the researcher
(SYK) in this study. Before implant insertion, the incision length
was measured in all cases and the expected breast pocket for per-

Fig. 1. Image of the Art funnel used in the present study. Permission
to use an image was obtained from the Art Meditech.
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manent implants was made. A drain was inserted into the breast
pocket. All patients were skin-prepped with betadine solution,
and the pockets were irrigated sufficiently with an antibiotic solu-
tion containing 500 mL of normal saline mixed with 1 g of cefazo-
lin, 80 mg of gentamicin, and 10% povidone solution. The im-
plants were also cleaned and soaked in 10% betadine for 3 min-
utes before implantation. Considering the implant shape (ana-

Fig. 2. A 38-year-old female patient who underwent skin-sparing
mastectomy and immediate breast reconstruction with insertion of
a tissue expander 15 months previously and was treated with adju-
vant postmastectomy radiation therapy underwent another opera-
tion to remove a 130-mL inflated expander and to insert a 165-mL
smooth round permanent implant. (A) Preoperative design of lower-
ing the inframammary fold and incision. (B) As the patient had a his-
tory of radiotherapy prior to the insertion of the permanent implant,
a 4.0-cm short incision and minimal undermining between the mas-
tectomy skin flap and pectoralis major muscle were planned, al-
though the previous skin-sparing mastectomy incision length was 9
cm, and capsulectomy and undermining of the mastectomy flap in
the inframammary fold area was done. (C) A 165-mL round smooth
implant was loaded into the funnel without trimming the exit site,
and the narrow opening of the funnel was placed 1 cm into the cen-
ter of the surgically prepared and irrigated breast pocket. (D) Imme-
diate postoperative image of funnel-assisted implant insertion.

Fig. 3. A 50-year-old female patient who underwent skin-sparing
mastectomy and immediate breast reconstruction with insertion of
a tissue expander 20 months previously and was treated with adju-
vant chemotherapy and postmastectomy radiation therapy. A 250-
mL inflated expander was removed, and a 150-mL smooth round
permanent implant was inserted. (A) As the patient had a history of
radiotherapy prior to the insertion of the permanent implant, a 4.0-
cm short incision was created. (B) After scar tissue excision, mini-
mal undermining between the mastectomy skin flap and pectoralis
major muscle and horizontal transection of the pectoralis muscle
(length, 4.0 cm) were performed. (C) A 165-mL round smooth im-
plant was inserted through the funnel into the surgically prepared
and irrigated breast pocket.
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tomical or round), volume, and size (especially projection), the
distal end of the funnel was trimmed and inserted into a large
opening in accordance with the recommended protocols. This al-
lows a smooth and gentle passage of the implant through the fun-
nel and into the breast pocket. Usually, when the volume of the
implant is less than 315 mL, trimming is not required. When any
type of anatomical implant is to be inserted, the funnel mouth
should be 2 cm wider than in the original protocol. Then, the fun-
nel is immersed in a basin of sterile saline to make the inner sur-
face slippery and to induce a low-friction internal surface. Next,
the implant is loaded into the large proximal end of the funnel.
For anatomical implants, precise loading of the implant through
the large proximal end of the funnel and verification of the posi-
tion of the implant within the distal end of the funnel are essential
to avoid implant malposition. The narrow opening of the funnel is
placed 1 cm from the center of the surgically prepared and irrigat-
ed implant pocket, and a clean retractor is inserted into the pock-
et. When the incision opening was located in the lateral region of
the breast from the breast center, we tried to relocate the opening
into the center of the breast using clean retractors. The implant
was advanced through the funnel and into the pocket with mini-
mal force and without finger manipulation. During anatomical
implant insertion, this kind of implant should be gently and even-
ly squeezed into the funnel hole, smoothly propelling it forward
into the center of the plastic pocket so that it can lodge in the cor-
rect location without malrotation. Finally, the exact location of the
implant (vertical position) in the plastic pocket was confirmed.
Specific cases are presented in Figs. 2 and 3.

Data collection and surgical outcomes

Demographic data such as age, obesity (i.e., body mass index >30
kg/m?), diabetes, hypertension, other medical comorbidities, and
current smoking (defined as active cigarette use within 4 weeks be-
fore surgery) were collected. Patients who previously underwent
chest radiotherapy as a breast conservation treatment or postmas-
tectomy adjuvant treatment were investigated. Furthermore, data
of patients who received other cancer-related treatments including
adjuvant chemotherapy, hormone therapy, and oncogene target
treatment were also reviewed. To determine the outcomes of the
funnel-assisted implantation technique, the patients were assessed
for the presence of immediate postoperative complications, such as
infection, seroma, major skin necrosis necessitating surgical treat-
ment, and minor skin necrosis. At 6- and 12-month postoperative
follow-ups, the patients were assessed for the presence of capsular
contracture, and the degree of contracture was assessed using the
Baker classification. Furthermore, patients were also examined for
the presence of infection, hypertrophic scarring, and malposition
of the anatomical implant.
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RESULTS

The mean age of the patients was 44 years (range, 38-54 years).
None of the patients had obesity or comorbidities such as diabetes
or hypertension. Ten patients (66.6%) underwent a skin-sparing
mastectomy, while five (33.3%) underwent a nipple-sparing mas-
tectomy. Except for one patient who underwent augmentation mam-
moplasty and had a previous history of breast-conserving surgery
and adjuvant radiation therapy, most patients underwent two-stage
implant-based breast reconstruction because most patients, espe-
cially those who underwent nipple-sparing mastectomy, had rela-
tively thin mastectomy skin flaps without no assurance of sufficient
tissue viability for the mastectomy flap. The first stage involved the
insertion of a tissue expander into a sub-pectoral dual plane, after
which the lower lateral portion of the expander was covered with
an acellular dermal matrix (ADM; CGCryoDerm, CGBio Co.,
Seongnam, Korea); the second stage involved the insertion of a
permanent implant.

With regard to the indications of funnel-assisted implantation,
eight patients (53.3%) had a history of radiotherapy, and seven
(46.6%) had a small linear scar at the site of total mastectomy. Two
of the patients who previously underwent radiotherapy received
chest wall radiation therapy after breast conservation treatment
and six received postmastectomy adjuvant treatment after total
mastectomy (postmastectomy radiation therapy; PMRT). Accord-
ing to our expansion protocols for PMRT patients, expansion start-
ed 3 weeks after mastectomy and the goal volume was reached be-
fore the start of PMRT. After PMRT was completed, a minimum
period of 6 months was observed for consolidation of the expan-
sion before proceeding to the second stage. The mean period from
the end of PMRT to funnel-assisted permanent implant insertion
surgery was 10.3 months (range, 6-21 months).

All implants were inserted by making an incision into the previ-
ous scar. The mean incision length of all patients was 4.73 cm (range,
4.5-5.5 cm). Among patients with a history of radiotherapy, the

Table 1. Implantation-related data

Variable No. (%)
Indications of funnel-assisted implantation
Prior radiotherapy 8(53.3)
BCS-associated 2(13.3)
PMRT 6 (40.0)
Short incision of mastectomy 7 (46.6)
Shape of implant
Round, smooth 8(53.3)
Round, microtextured 5(33.3)
Anatomical 2(13.3)

BCS, breast-conserving surgery; PMRT, postmastectomy adjuvant radiotherapy.
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mean incision length was 4.62 cm. The cohesive gel implant used
was BellaGel (HansBiomed Co., Ltd., Seoul, Korea). A round smooth
implant was used in eight patients (53.3%), and a round micro-tex-
tured implant was used in five patients (33.3%). An anatomical im-
plant (macro-textured type) was used in two patients (13.3%) (Ta-
ble 1). The volume of the implants ranged from 125 mL to 425 mL.

In the immediate postoperative period, none of the patients de-
veloped infection or seroma. As wound-related complications, nei-
ther major nor minor skin necrosis developed. At 6- and 12-month
follow-ups, grade III or IV capsular contracture did not occur. Fur-
thermore, hypertrophic scars and malposition of anatomical im-
plants were not detected.

DISCUSSION

To date, the infection hypothesis, which suggests that subclinical
infection may be the primary cause of capsular contracture in pa-
tients who undergo augmentation mammoplasty, has been strong-
ly supported [8]. Because the terminal ducts at the nipple and are-
ola are colonized with endogenous flora and the skin is not a sterile
organ, contamination occurs when a sterile implant comes in con-
tact with the skin and nipple-areolar complex. Most surgeons who
perform breast implant surgery usually follow the “no touch” tech-
nique during implant insertion by using nipple shields (placing a
waterproof film over the nipple-areolar complex), vigorously irri-
gating the pocket with an antibiotic solution, changing gloves, and
re-preparing the skin prior to implantation. Although these meth-
ods help decrease the risk of contamination by reducing the bacte-
rial burden, they do not totally prevent the risk of implant-to-skin
contact, and the use of the “no touch” technique, which involves
direct insertion of the breast implant into the breast pocket without
touching the instruments, drapes, gloves, or the patients skin and
parenchyma, is recommended.

Introduced in 2006, the funnel, composed of rip-stop nylon with
a hydrophilic internal coating, is an innovative device that allows
the delivery of the implant from its packaging into the breast pock-
et without touching the instruments, drapes, gloves, or patient’s
skin and breast parenchyma [2]. By using a funnel, surgeons could
perform the “low touch” surgical implantation technique in a sa-
line-only area using a more advanced “no touch” implantation tech-
nique. Furthermore, by using the funnel, the amount of vigorous
finger pushing and finger fatigue is reduced. Vigorous finger push-
ing not only increases the risk of implant contamination, thereby
elevating the risk of subsequent capsular contracture, but it can also
compromise the integrity of the outer shell of the implant, thereby
increasing the risk of post-implant leakage or rupture. In fact, both
Mentor and Allergan silicone implant product guidelines clearly
recommend that excessive force should not be applied to any por-
tion of the implant to avoid compromising the integrity of its outer
shell, which can increase the risk of post-implant leakage or rup-

ture. According to recent studies, up to 80% of surgeons use the
funnel device, and it is widely regarded as essential for implant in-
sertion during cosmetic augmentation mammoplasty [9]. In im-
plant-assisted breast reconstruction, using the “no touch” technique
is important during implantation, as well as during augmentation
mammoplasty. According to long-term data from patients with
anatomical implants, the incidence of capsular contracture was sig-
nificantly higher among those who underwent reconstructive breast
surgery using implants than among those who underwent augmen-
tation mammoplasty [10].

Demand for the use of a funnel during implant insertion has re-
cently increased for several reasons. Previously, long incisions were
generally made for total mastectomy in order to facilitate the smooth
insertion of implants without finger manipulation. However, with
the increasing rate of skin-sparing and nipple-sparing mastectomy,
shorter incisions are made and the risk of bacterial contamination
from the skin and nipple-areolar complex is also higher. During
mastectomy, peri-areolar incisions performed under an endoscope
or using the inframammary approach are preferred by general sur-
geons as they provide better aesthetic outcomes; hence, shorter
skin incisions are used in these types of mastectomy than in other
approaches. Under these circumstances, funnel-assisted implanta-
tion through a short incision is necessary in order to avoid vigor-
ous implant insertion, which could lead to mechanical injury dur-
ing implant insertion and implant contamination.

Second, as the primary treatment for patients who undergo breast-
conserving therapy or as an adjuvant treatment for those with lo-
cally advanced breast cancer, radiotherapy to the chest wall is per-
formed with increasing frequency in breast cancer patients. Of
course, the option of autologous breast reconstruction is preferred
in patients with a history of prior radiation treatment. However,
some patients strongly prefer to undergo prosthesis-based breast
reconstruction because of their reluctance for donor site sacrifice.
Further, in some cases, the choice was made to administer adjuvant
radiation treatment based on postmastectomy biopsy results. The
detrimental effects of radiation, such as poor tissue quality and di-
minished healing of the mastectomy skin flap, remain a challenge
for breast reconstructive surgeons. Sbitany et al. [11] reported an
association between prior radiation therapy and wound breakdown
in patients who underwent implant-based breast reconstruction
after total skin-sparing mastectomy. de Araujo et al. [12] also re-
ported that the breast-related complications such as infection, ma-
jor skin necrosis, and capsular contractures (Baker grades II-IV)
were significantly more common in patients who underwent re-
construction after receiving radiotherapy. Moreover, patients with
prior radiation therapy were 3.5 times more likely to develop skin
necrosis. Based on these results, after performing reconstructive
breast surgery in patients with a history of chest radiotherapy, fun-
nel-assisted implant insertion through a small incision (<4.5 cm)
and minimal undermining of the mastectomy skin flap were per-

61



a a S Archives of
Aesthetic Plastic Surgery

VOLUME 26. NUMBER 2. APRIL 2020

‘ Prior radiation treatment to the chest wall ‘
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» Minimal undermining of mastectomy skin flap
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to open subpectoral pocket to open subpectoral pocket

Transection of pectoralis muscle ‘

v ¢

Funnel assisted implant insertion ‘

Fig. 4. Algorithmic approach to funnel-assisted implantation in irra-
diated breasts.

formed to reduce the risk of wound-related complications caused
by poor skin flap vascularity and weak healing potential. Some-
times, if a discrepancy in the distance between the skin incision
and the upper margin of the ADM or serratus fascia is detected,
excessive undermining of the mastectomy skin flap is not performed
to reach the upper margin of the ADM or serratus fascia. Instead,
the pectoralis muscle is transected at the location of the skin inci-
sion to open the subpectoral pocket (Fig. 4). In the present study,
eight patients (53.3%) had a history of chest radiotherapy prior to
implant insertion. They did not develop wound-related complica-
tions and showed favorable wound healing progress.

In the present study, we used the Art funnel (Art Meditech), which
has been newly developed and marketed in South Korea. Using
polymeric vinyl and a hydrophilic coating for internal lubrication,
the Art funnel has a thickness of 0.25 mm and is highly durable
and elastic, allowing the implants to smoothly pass through the
narrow and localized-pressured tunnel. If the edge of the funnel
exit is not durable and elastic, the edge could be inverted when a
large implant is propelled under high pressure. With regard to the
clinical use of the Art funnel, we observed good eversion along the
exiting implant surface with proper elasticity, indicating that a smo-
oth shot can be performed. Due to its durability, the risk for malro-
tation is low; even if a propelling force is applied to the implant with-
in the funnel exit. Moreover, the exact position of an anatomical
implant in vivo can be precisely determined following insertion
using the Art funnel. Additionally, the Art funnel has to break the
surface to avoid the backward slipping of implants inside the inter-
nal tunnel, which was not observed in other funnel products. Some
surgeons have reported using a plastic insertion sleeve that is open
on both sides. Although this technique is beneficial in terms of cost,
implant malrotation or migration can occur when the sleeve is re-
moved, as the implant does not fit well inside the sleeve [13]. Fur-
thermore, the use of an anesthetic gel to lubricate the sleeve pocket
is required.
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Based on our clinical experience in implant-based reconstruc-
tive breast surgery, funnel-assisted implant insertion is indicated in
(1) patients with a small linear scar on the mastectomy site of less
than 5 cm, which is usually the case in procedures performed us-
ing the inframammary fold approach, peri-areolar mastectomy,
and lateral incision mastectomy; (2) patients with a history of chest
radiotherapy as an adjuvant treatment or primary treatment fol-
lowing breast-conserving surgery; and (3) patients with a large dis-
crepancy in the distance between the mastectomy skin flap incision
and the upper margin of the ADM or serratus fascia, thus requir-
ing transection of the pectoralis muscle, serratus fascia, or ADM.
In cases of transection of the muscles, fascia, or ADM, the funnel
should be used during implantation to minimize soft tissue dam-
age caused by vigorous manual implant insertion, as described in
the case presented in Fig. 3.

The present study has several limitations. First, the study had a
small sample size and lacked consistent and long-term data to con-
firm whether capsular contracture occurred 3 or more years after
reconstructive surgery [14]. As the Art funnel was introduced to
the market only 2 years ago, only preliminary and short-term clini-
cal evidence was presented in this study. Furthermore, several fac-
tors cause capsular contracture, including the staging of breast re-
construction, incision placement, implant size, implant type, and
even patients’ demographic characteristics. Notably, the present
study included patients who underwent two-stage breast recon-
struction, so there remained a potential risk of subclinical infection
developing in the first stage, and this risk, to which capsular con-
tracture might be attributed, could not be excluded despite funnel-
assisted implantation in the second stage. A more controlled study
with multivariate analysis should be required. Nevertheless, this
was the first study to demonstrate the importance of funnel use
during implantation in reconstructive breast surgery and to sug-
gest specific indications for funnel-assisted implantation.

As the use of a funnel can reduce the risk of implant contamina-
tion and localized stress to the implant caused by vigorous finger
pushing, the present study confirmed that the Art funnel, which is
highly durable and elastic, allows reconstructive surgeons to per-
form the “no touch” implantation technique and properly position
the anatomical implant through a short incision. The funnel-assist-
ed implantation technique is beneficial for patients with history of
radiotherapy and reduces the risk of wound-related complications,
as a shorter incision is used.
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