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Abstract

Background Abdominoplasty is the most frequently per-
formed surgical procedure for body contour; in our expe-
rience, we have observed some patients with prominent
bulging that is difficult to treat and that presents results that
are unsatisfactory or have recurrences to conventional
treatments. This leads us to carry out an analysis of the
elements responsible for the containment and abdominal
format. We determined that it may be due to an inability of
an important sagging aponeurotic muscle of primary origin
to support the abdomen and could be caused by predis-
posing factors. For these specific cases, we developed a
treatment proposing the use of a mesh.

Methods We present these cases over a period of 24 years.
Fourteen patients were treated with primary and secondary
abdominoplasties. The abdominal wall reinforcement was
performed by placing polypropylene mesh at the sub-
muscular plane, fixed with U-stitches on the fascia
transversalis, seeking to strengthen the muscle and the
fascia transversalis.

Results The results were satisfactory after long-term
observation, gaining resolution of the abdominal bulges.
Only two complications occurred; the presence of localized
chronic pain and the appearance of umbilical fistula.
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Discussion We emphasize the importance of avoiding
unnecessary interventions in patients with marked bulging,
associated with inability of abdominal restraint. We only
consider its indications in patients with conventional
recurrence treatment, also identifying the predisposing
factors, the knowledge of the abdominal anatomy, the
muscular dynamics of the abdomen and understanding its
indication in these specific cases of difficult treatment.
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description of these evidence-based medicine ratings,
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Instructions to Authors www.springer.com/00266.
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Background

Abdominoplasty is one of the most popular surgical pro-
cedures performed by plastic surgeons around the world,
because the abdominal region is an important functional
aesthetic unit that defines the body contour; in our expe-
rience, we have observed some patients with prominent
bulging, which is difficult to treat, presenting unsatisfac-
tory results or with recurrence after conventional treat-
ments [1].

One of the reasons for this dissatisfaction is the
abdominal bulging, which usually occurs in the lower
abdomen. Plication of the rectus abdominis in abdomino-
plasty only improves the area, without being able to
completely correct the undesired bulging [1, 2].

@ Springer


http://orcid.org/0000-0003-3668-2552
http://www.springer.com/00266
http://crossmark.crossref.org/dialog/?doi=10.1007/s00266-018-1101-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00266-018-1101-6&amp;domain=pdf

1040

Aesth Plast Surg (2018) 42:1039-1049

This bulging, which is the main complaint in the
majority of patients seeking abdominoplasty, is in most
cases due to the diastasis recti and may also be associated
with aponeurotic muscle flaccidity or a physiological
incompetence that may have predisposing and aggravating
factors such as age, multiparity, cesarean, significant
weight loss in obese (amount of containment), abdomino-
plasty postoperative without hernia report. But these pre-
sent an altered abdominal balance that generates an overall
incontinence of the muscles [1], translated as flaccidity of
the aponeurotic muscle tissue and also diastasis recti when
the distance between these two muscles exceeds 4 cm.

In accordance with the anatomy, the insertion of the
external oblique aponeurosis passes through the rectus
abdominis muscle and the aponeurosis of the transverse
passes behind this muscle. We know that the aponeurosis
of the internal oblique is divided into 2 layers, one anterior
that merges with the aponeurosis of the external oblique
and another posterior that merges with the aponeurosis of
the transverse. In the inferior region of the abdomen from
the arcuate line, this arrangement is modified so that the
aponeurotic tendons pass in front of the rectus abdominis
muscle, which is why it is deprived of the posterior layer of
the aponeurosis, and rest directly on the transversalis fascia
[3] (Fig. 1). that due to its disposition and dynamics, it is
the main support of the abdominal contents.

The anterior abdominal wall has a greater or lesser
competence, depending on the balance between the intra-
abdominal pressure, viscera and diaphragmatic move-
ments, muscular and aponeurotic tensions, which will
determine the presence of abdominal bulges [4].

We also know that in the subcutaneous tissue the con-
nective tissue is composed of fat cells that function as fat
deposits, energetic sources and body lining, and that in the
case of women is thicker in the abdomen, infra-umbilical
region, back lumbar and trochanteric regions. Therefore,
the skin has different thickness and characteristics,
depending on the body area; elasticity and turgidity will
depend on genetic, environmental and age factors. Even
gradual distension such as pregnancy leads to thinning of
the epidermis and atrophy of the elastic fibers of the der-
mis, with rupture of the layers underlying the epithelial
layer with separation of the connective and elastic bundles,
determining skin flaccidity and striations that also con-
tribute to abdominal bulging [5]. However, that can be
corrected with conventional treatment.

From all of the above, we conclude that the bulges are
due to diastasis recti and also the aponeurotic muscle
flaccidity of the abdominal wall, starting from the
anatomical and dynamic conditions. Thus, considering the
fascia transversalis and the transverse muscle as the true
and most important contractors of the abdomen, we began
our study in 1993 proposing the treatment of these patients
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Fig. 1 Front view of muscle distributions and arcuate line; superior to
the arcuate line, the internal oblique aponeurosis splits to envelop the
rectus abdominis muscle both anteriorly and posteriorly. Inferior to
the arcuate line, the internal oblique and transversus abdominis
aponeuroses merge and pass superficial to the rectus muscle

through reinforcement of these structures with polypropy-
lene mesh [1, 6] and since then we have been following
these patients.

Materials and Methods

In 32 years of professional practice, we treated 925 patients
who submitted to body contour surgery. In this period, we
observed a few patients with prominent abdomen who
experienced unsatisfactory results or recurrences. There-
fore, we decided to treat these unusual cases and make our
observation. To measure the satisfaction of our patients, we
use the patient-reported instrument named the Body-
Shape-Related Quality of Life (Body-QoL®) [7].

We declare that the principles of the Helsinki declara-
tion were respected in the construction of this study.

Our study is a case series with a 24-year follow-up.
During this time, we treated 14 patients (Table 1), 7 of
whom underwent primary abdominoplasty and 7 under-
went secondary abdominoplasty previously operated on
using conventional abdominoplasty with diastasis recti
correction by traction and suture of the rectus abdominis.
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Table 1 Patients with polypropylene mesh treatment

Patient Age Primary procedure Secondary procedure Complications Results®
1 CS. 52 Abdominoplasty rectus plicature external oblique After 2 years: abdominoplasty with None Satisfactory
M. flap liposuction polypropylene mesh
A.
T.
2 ME. 42 Abdominoplasty rectus plicature external oblique After 14 years: abdominoplasty with ~ None Satisfactory
B. flap liposuction polypropylene mesh
P’
3 MG 41 Midabdominoplasty rectus plicature external After 6 years: abdominoplasty with None Satisfactory
E. oblique flap liposuction polypropylene mesh
4 R.C 40  Midabdominoplasty plicature external oblique After 1 year: abdominoplasty with None Satisfactory
M. flap liposuction polypropylene mesh
A.
5 TM 52 Abdominoplasty rectus plicature external oblique After 15 years: abdominoplasty with ~ Chronic pain  Satisfactory
A. flap liposuction polypropylene mesh
B.
T.J. 70  Abdominoplasty polypropylene mesh liposuction — Chronic pain  Satisfactory
CX.* 34  Fleur de Lis Abdominoplasty polypropylene - None Satisfactory
mesh rectus plicature liposuction
8 AM. 55 Abdominoplasty polypropylene mesh liposuction - None Satisfactory
N.
9 L.E. 51 Abdominoplasty polypropylene mesh rectus - None Satisfactory
M. plicature liposuction
C.
B.
10 AL 46  Abdominoplasty polypropylene mesh rectus - None Satisfactory
plicature lipoaspiration
11 O.A. 40  Anchor-line abdominoplasty polypropylene - None Satisfactory
pP.? mesh rectus plicature liposuction
12 RFS. 31 Abdominoplasty polypropylene mesh rectus - Umbilical Satisfactory
plicature external oblique flap liposuction fistula
13 R.S.C. 25 Miniabdominoplasty rectus plicature liposuction After 3 years: None Satisfactory
midabdominoplasty polypropylene
mesh
14 E.C.G. 30 Vertical abdominoplasty polypropylene - None Satisfactory

mesh liposuction

Obs: *Post-bariatric patients; °previous abdominoplasty performed by other surgeon; “obtained by the Body-QoL® [7]

These patients had an important abdominal aponeurotic
muscle flaccidity, and even after abdominoplasty still had
abdominal bulging and therefore dissatisfaction with the
result [1, 6].

All our patients were submitted to abdominoplasty using
low incisions with easily disguised scars, concave with a
swimsuit design, in the secondary cases respecting the
preexisting scars. Our proposal to solve the aponeurotic
flaccidity was the reinforcement of the abdominal wall
through the polypropylene mesh implantation according to
the technique described by Usher and popularized by
Rives, in which the use of Marlex mesh was recommended
at sub-aponeurotic muscle level for correction of abdomi-
nal hernias [8, 9].

We made a supra-pubic cut incision describing a curved
line of superior concavity according to the preexisting scar.
Afterward, we proceeded to dissect the skin and subcuta-
neous flap, to the xiphoid process, and we incised the alba
line to dissect the rectus abdominis muscle of the posterior
aponeurotic layer and the transversalis fascia reaching the
external border of the rectus abdominis on both sides
(Fig. 2). We applied the polypropylene mesh in direct
contact with the deep aponeurotic lamina and the
transversalis fascia, fixing it in a cranial direction up to the
xiphoid process and caudally in the pubis at the origin of
the pyramidal muscle, laterally with the aponeurotic mus-
cle complex of the oblique and transverse muscles [9]
(Fig. 3). The alloplastic material was sutured with prolene
0, with U-stitches held distended over the transversalis
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Fig. 2 Image shows the dissection of the rectus abdominis muscles
for visualization of the transversalis fascia

fascia and the posterior sheath of the rectus abdominis,
resecting its excess. Posteriorly, we continue with the
suture of the rectus abdominis muscle in the midline and
closure of its sheath with U-stitches (Fig. 4a). Through the
placement of the mesh, we reinforce the function and
traction of the transversalis fascia along its disposition in
the medial direction allowing the replacement of the
abdominal contents (Fig. 4b). We believe that the umbilical
scar should be fixed to the aponeurosis at a height of 14 cm
from the implantation of pubic hair, obtaining the vision of
a long and harmonious abdomen. Aesthetically related to
the body contour, if the umbilical scar is positioned below
this measure, the appearance will be of a short and
unaesthetic abdomen [10]. We left suction drainage
underneath the dermal fat flap and closed in three planes.

In these procedures, the dissection goes from the xiphoid
process to the pubic symphysis and we only resect excess
skin to accommodate the flap.

All patients were followed up for the first 5 years
postoperatively with annual abdominal wall ultrasound
studies.

@ Springer
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Fig. 3 Image presents positioning of the sub-muscular polypropylene
mesh generating greater stability and strengthening of the abdominal
wall

Results

After performing the surgery, we obtained aponeurotic
muscle traction to the midline after fixating the alloplastic
material resulting in a more pronounced reduction of
abdominal circumference in the anteroposterior as well as
transverse direction.

During the time of observation, the aesthetic results and
the integrity of the abdominal wall were maintained
without relapse. We followed up with photographs at 15—
20 years. Therefore, we chose two representative cases.

The first case was a fifty-two year-old patient, who
presented with a large bulge in the lower abdomen (Fig. 5a,
b) so she underwent abdominoplasty with plication of the
rectus abdominis and external oblique aponeuroses flaps
[11] obtaining a slight decrease in the waist and an
improvement of the abdominal projection. She returned
2 years later presenting a mild recurrent lower distension
(Fig. 6a, b). Due to the recurrence and the observation of an
important abdominal flaccidity, a secondary abdomino-
plasty was performed with reinforcement of the abdominal
wall with polypropylene mesh, obtaining a satisfactory
result that in the control at 7 years was still maintained
(Fig. 7a, b).
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Fig. 4 a Image shows the sub-muscular position of the polypropylene
mesh fixed anterior to the transversalis fascia with U-stitches and
posterior plication of the rectus abdominis. b The image represents
the approaching and repositioning of the intra-abdominal contents and
the traction vectors

The second case was forty-two-year-old patient, previ-
ously submitted to abdominoplasty by another surgeon with

Fig. 5 a Front view
preoperative. b Preoperative
view profile left of the first
surgical time

unsatisfactory results (Fig. 8a, b). After an evaluation, sec-
ondary abdominoplasty was performed on her with plication
of the rectus abdominis and external oblique aponeuroses
flaps [11] to correct the abdominal expansion. Improvement
was observed but a slight upper abdominal projection per-
sisted. She returned 14 years later complaining of the
increase in upper abdominal projection (Fig. 9a, b), so a
magnetic resonance was performed to evaluate the diastasis
recti, observing a distance of = 1 cm (Fig. 10) that does not
justify the bulging. We performed abdominoplasty with
reinforcement of the abdominal wall with polypropylene
mesh, totally correcting the abdominal projection, which is
maintained even in the sitting position. (Fig 11a—c).

In all our cases, we had three complications, two
patients presented localized, punctate, intermittent, chronic
pain in the abdominal region (laparodinias), which began
several years after surgery and improved with conventional
anti-inflammatories. We resolved to treat them by infiltra-
tions with corticosteroids, obtaining improvement in the
second session. Another complication was early umbilical
fistula with fast resolution only in one patient.

Discussion

We believe that after 24 years of observation of patients
treated with our proposal, we offer a better view of the
aspects to be taken into account in patients with prominent
bulging when we treat the body contour, compared with
other short-term studies.

@ Springer
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Fig. 6 a Front view 3 years
postoperative from
abdominoplasty. b Left profile
view 3 years postoperative from
abdominoplasty first surgical
time, where it is possible to
observe bulging in the lower
abdomen

Fig. 7 a Front view 5 years
after abdominoplasty 2nd
surgical time with
polypropylene mesh. b Left
profile view 5 years after
abdominoplasty with
polypropylene mesh. We can
observe the improvement of
infra-umbilical bulging after
placement of the mesh

First, it is important to discuss our indications for this
treatment. It is not indicated as the first-line treatment
because of the body’s response to conventional treatment.
Many of the patients who presented aponeurotic muscle
flaccidity obtained satisfactory results with the conven-
tional abdominoplasty or lipoabdominoplasty, and there-
fore, the reinforcement with polypropylene mesh was not

@ Springer

necessary. On the other hand, in cases of recurrence of the
aponeurotic muscle flaccidity and bulging, evidenced as
persistence of bulging in the abdominal region even after
conventional treatment, it is necessary to evaluate them to
determine the etiology of the relapse and to plan a new
intervention, secondary abdominoplasty with reinforce-
ment of abdominal wall with alloplastic material. This
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Fig. 8 a Front view of previous
abdominoplasty, made by
another surgeon. b Left profile
view preoperative with previous
abdominoplasty, presenting
lower and supra-umbilical
bulging

Fig. 9 a Front view 14 years
after abdominoplasty. b Left
profile view 14 years after
abdominoplasty with plication
of the rectus abdominis and
external oblique, noting
enlargement of the umbilical
scar and bulging of the supra-
umbilical abdomen

treatment is an aggressive intervention that we only indi-
cate for a few specific cases.

For example, the second patient presented in this article
had two abdominoplasties with unsatisfactory results. We
observed that in the secondary surgery the correction of the
diastasis recti by the plication of the rectus abdominis was
made, to verify the effectiveness of the procedure, and a
magnetic resonance was performed for evidence that the
diastasis recti were resolved. However, this procedure did
not improve abdominal bulging. This type of patient is
challenging to treat (Fig. 10). Nonetheless, considerable
abdominal bulging was present, probably due to other
elements associated with abdominal restraint.

Therefore, it is important to perform an adequate post-
surgical evaluation to identify the candidates with unsat-
isfactory results, thus avoiding the unnecessary indication
of this approach.

We also have to mention that in many of our patients,
plication of the rectus abdominis and external oblique
aponeuroses flaps were performed [11] to improve the
abdominal contour. After secondary abdominoplasty, we
observed persistence of the external oblique aponeuroses
flap [11], even after 14 years (Fig. 12). Also, widening of
the umbilical scar (Fig. 9a) was observed, probably as a
consequence of high tensional force concentrated in the
midline. This leads us to reformulate our strategies in
search of better results for cases with considerable bulging
and difficult treatment, reinforcing the anatomical struc-
tures involved in abdominal contention.

We consider that an analysis of anatomical knowledge
and the dynamics of the abdominal region are important.
We know that the external oblique muscle determines a
lateral traction up and the internal oblique downward act-
ing as two equal antagonistic forces, these forces act in a
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1 Distance: 0.81 ¢|

2 Distance: 0.44 cm

3 Distance: 0.44 cm

Fig. 10 View of the magnetic resonance of the abdominal wall,
coronal cut, the correction of the diastasis is observed

harmonic way (Figs. 1, 13). On the other hand, we know
also that the longitudinal position of the rectus abdominis
helps to approach the thorax as an antagonist of the spinal
muscles [4, 10] (Figs. 1, 14). Likewise, the transverse
muscle allows the abdominal wall to contract and to

Fig. 12 Front image presents the rectus abdominis plicature and
external oblique aponeuroses flaps

expand, keeping the viscera in the correct position, bring-
ing the anterolateral muscles against the powerful spine
[3, 4] (Figs. 1, 15).

These tensile forces make the alba line a neutral support
point, allowing the intra-abdominal contents to be in per-
fect balance benefiting a normal function in the upper
diaphragm, which facilitates pulmonary ventilation and the
dynamics of the mesenteric complex. The rupture of this
balance can lead to consequences such as removal of the
rectus abdominis muscle, resulting in diastasis recti, a real
increase of the abdominal continent, change in the center of
gravity, altering the lumbar spine, causing low back pain,
diaphragmatic domes falling with decreased pulmonary
ventilation and digestive changes due to visceral disloca-
tions [4]. We base our proposal on abdominal dynamics by

Fig. 11 a Front view 1 year postoperative of abdominoplasty with
polypropylene mesh. b Left profile view 1 year postoperative of
abdominoplasty with polypropylene mesh, showing improvement of
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the umbilical scar, lower and supra-abdominal bulge observed and
concavity shape of the abdominal region. ¢ View profile sitting left
postoperative 1-year after abdominoplasty with polypropylene mesh
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Fig. 13 Image represents the dynamic of the external oblique muscle

Fig. 14 Image presents the dynamic of the rectus abdominis,
approaching the thorax as an antagonist of the spinal muscles

reinforcing the aponeurotic muscular wall and, therefore,
restoring abdominal balance.

We also consider of importance the historical evolution
regarding the proposals on the use of alloplastic mesh in
aesthetic surgeries of the abdominal contour. We know that
many surgical procedures have been described in the
search for an improved abdominal silhouette, among them

Fig. 15 Profile image represents the dynamics of the transverse
muscle movements and importance of its function

Pitanguy [12] who performed plication of the rectus
abdominis muscle, and Psillakis [11] who recommends the
suture of the external oblique aponeuroses in the midline
and resection of the ribs. However, in view of the existence
of an important aponeurotic muscle flaccidity, abdominal
postoperative bulges have been observed because these
muscles do not participate in real abdominal restraint and
therefore do not reach the muscles responsible for
abdominal balance [4].

We consider that the surgeon must know about the myo-
dynamism and the importance of the muscular layers in the
manifestation of these abdominal bulges, being the trans-
verse abdominal muscle the most important element [9, 13]
(Fig 13b). Defects at this level may create a predisposition
to the appearance of incisional hernias as described by Mac
Vay [14], so in this work our proposal is to strengthen the
abdominal wall without necessarily having abdominal
hernias.

In the past, Marlex mesh began to be used in thorax and
abdominal wall repairs with good functional results, Usher
being one of the precursors [15, 16]. Therefore, Marlex
mesh has a great tensional strength and shows low foreign
body type reaction, if compared to other materials such as
nylon, orlon and dacron, described by Usher in 1959
[15, 16]. At the beginning, it was noted by Jacob in 1965
that the mesh has physicochemical properties that are tol-
erable for the human body and is chemically inert [15].

Actually, new materials have appeared such as
polypropylene, ADM, and Ultrapro, which have become
the arsenal of available reinforcement materials, with
minor adverse reactions reported in other surgical proce-
dures. We used polypropylene mesh because it was the
most accessible material with good experience.

Usher [8] advocated the use of Marlex mesh at the sub-
aponeurotic muscle level, with few complications reported.
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Following this study, the mesh is placed above the
transversalis fascia and retro rectus abdominis plane,
avoiding the sensation of a foreign body by the patient; the
rectus abdominis muscle provides an additional protection
and diminishes the possibility of infection.

However, the use of the mesh in abdominal aesthetic
corrections was begun in 1981 and 1982 by Carreirdo
[16, 17], who performed experimental studies on dogs,
showing the total integration of the surrounding tissues and
a low percentage of rejection with the use of the Marlex
mesh. Then he reported the inclusion of Marlex mesh in the
repair of abdomens with vertical laparotomy, which pre-
sented incisional hernias and used the Marlex mesh to
repair the abdominal protection in aesthetic surgeries
[18, 19].

Given the above, we conclude that the use of materials
such as Marlex and new meshes can offer a benefit in
aesthetic surgeries of the abdomen [20].

Therefore, in 1993 we proposed the use of polypropy-
lene mesh at the sub-muscular level to strengthen the
muscular wall, already in aesthetic surgeries.

We have had satisfactory results maintained over time.
This was achieved because the main abdominal support,
like the transverse muscle and transversalis fascia, was
properly treated and thus restoring the balance of the
abdomen.

It is important to define the appropriate diagnosis to
perform the appropriate treatment of abdominal wall flac-
cidity, which is usually observed in the postoperative
period of abdominoplasty. We must have in mind that
currently the associations of surgical techniques for the
correction of functional and aesthetic abnormalities are
more often recommended, as in unusual cases presented.
Thus, to obtain the body contour desired by patients whose
aesthetic surgery was not satisfactory due to aponeurotic
muscle flaccidity, abdominoplasty with abdominal wall
reinforcement was performed as a second line treatment.

One of the disadvantages that we found throughout our
experience was the episodes of localized, intermittent,
chronic pain (laparodinias), which are difficult to treat.
Because the mesh is reabsorbed by the body, generating a
fibrotic process, this fibrosis probably holds some neuro-
muscular bundles. We must understand that chronic pain is
a very important complication; even being subjective, it
has to be taken into account, and we must reflect if it is
correct to make use of the polypropylene mesh for cor-
rection of muscle aponeurotic flaccidity in patients without
abdominal hernias. We treated the episodes with infiltra-
tions of corticosteroids, presenting a good response after
these treatments.

@ Springer
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