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Breast animation deformity (BAD) has been reported to occur after submuscular implant
placement following breast augmentation and immediate breast reconstruction. Despite its
apparent impact on patients' quality of life, BAD has only recently become a topic of general
concern. Its incidence and etiology have yet to be established. The aim of this systematic re-
view was to identify papers that clearly defined and classified BAD and described how the
degree of animation was assessed. We performed a search in PubMed and Embase. Studies
meeting the inclusion criteria that described BAD after implant-based breast augmentation
or immediate breast reconstruction were included. After screening 866 publications, four
studies were included: three describing BAD after breast augmentation and one describing
BAD after immediate breast reconstruction. The median percentage of patients with some
degree of BAD was 58%. The highest percentages were found in patients operated on using
the Regnault technique or the dual-plane technique (73%-78%). The lowest percentages
were found following the dual-plane muscle-splitting technique (30%) and the triple-plane
technique (33%). We found no studies meeting the inclusion criteria that analyzed BAD after
prepectoral implant placement. This review of the current literature suggests that the degree
of BAD is proportional to the degree of muscle involvement. Evidence is scarce, and the phe-
nomenon seems to be underreported. Future comparative studies are warranted.
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Breast animation deformity (BAD) is a condition in which the
shape of the augmented or reconstructed breast changes or is
distorted during contraction of the major pectoralis muscle [1].
The distortion may lead to varying degrees of widened cleavage,
and upward or superolateral implant malposition and asymme-
try [2,3]. BAD has been reported to occur following submuscu-
lar implant placement in breast augmentation procedures and

frequently after immediate breast reconstruction [4-6].

The most commonly employed pocket planes for augmenta-
tion mammaplasty are prepectoral (subfascial or subglandular)
and partial subpectoral (dual or triple-plane) (Fig. 1). The op-
posite tends to apply to breast reconstruction, for which the
most commonly employed pocket is subpectoral or submuscu-
lar. The reason for this is to place the implants in a space with a
vascularized cover due to concerns about post-mastectomy skin

breakdown [7]. The advantages of subpectoral or submuscular
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placement are reduced rippling and implant visibility, as well as
a lower incidence of capsular contracture. Furthermore, it facili-
tates mammography [8,9].

BAD has recently received attention in the literature as a con-
dition that affects especially active women, seems to be signifi-
cantly more common in patients with subpectorally-placed im-
plants, and appears to be even more common in patients who
have undergone breast reconstruction procedures [ 10]. Spear et
al. [6] reported that up to 53% of patients experienced some de-
gree of BAD following subpectoral implant placement after du-
al-plane augmentation, whereas Nigro and Blanchet [10] re-
ported that 75.6% of patients experienced some degree of BAD
after reconstruction. BAD is not only a cosmetic problem, but
also a functional problem, as it can lead to muscle twitching,
pain, and possibly impaired shoulder function in physically ac-
tive women, which may ultimately affect their quality of life
[2,5]. Furthermore, BAD may be associated with a longer post-
operative recovery time, as more pain has been reported in pa-
tients who underwent subpectoral reconstruction and augmen-
tation than in their counterparts who underwent prepectoral re-
construction and augmentation [11,12].

Archives of Plastic Surgery AP S

Various methods of treating BAD have been investigated, in-
cluding neuromodulating injections into the pectoralis major
muscle [13], selective nerve transection [14], reoperation with
a muscle-splitting technique [15], and repositioning of the im-
plant to a prepectoral position with or without fat grafting [ 16].

Prepectoral implant placement is gaining wider acceptance
worldwide; however, this implies less tissue coverage, leaving
the implant more visible, especially following immediate breast
reconstruction and to a lesser degree following breast augmen-
tation. Furthermore, the incidence of capsular contracture has
been reported to be higher following prepectoral implant place-
ment [17]. The use of biological meshes has been described as
a way to reduce implant visibility and BAD; however, these ma-
terials cannot be expected to replace either the muscle volume
or coverage of the implant [11].

Numerous papers have mentioned BAD and concluded that it
is not a significant problem. However, it is much rarer for papers
to define BAD, to classify it, or to describe how the degree of
BAD was assessed [3,14,16,18].

The primary aim of this systematic review was to identify and
select papers that clearly defined and classified BAD and de-

Fig. 1. lllustrations of implant planes

(Regnault technique), and (c) triple plane.

(A) Images showing four different types of implant placement from a side view: (a) subpectoral, (b) dual-plane, (c) triple-plane, and (d) prepec-
toral. (B) Images showing three different types of submuscular implant placement from a frontal view: (a) muscle-splitting I, (b) muscle splitting Il
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scribed how the degree of animation was assessed. Additionally,
by utilizing these selected papers, this review aimed to estimate
the incidence of this condition following breast augmentation
and breast reconstruction. The third aim was to synthesize ex-

isting knowledge about BAD and its current classification.

Systematic literature search

We performed a systematic search in May 2017 in the following
electronic bibliographic databases: PubMed (National Library
of Medicine, NLM), Embase Classic (Ovid), and Embase
(Ovid). We validated and tested the PubMed search strategy
shown below and translated the search for use in Embase, ad-
justing the controlled vocabulary as applicable: (implant OR
implantation) AND (distortion OR distortions OR dislocation
OR dislocations) OR ((animation OR animations OR dynam-
ic) AND (excessive OR distortion OR distortions OR deformi-
ty OR deformities)) OR ((muscle OR muscles) AND (eleva-
tion OR elevations OR contraction OR contractions OR flex-
ion)) OR (jumping OR rippling OR ripple OR animated)
AND (mammaplasty OR Mammaplasties OR Mammoplasties
OR mastoplasty OR mastoplasties) OR (breast OR breasts OR
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breast*) AND (augmentation OR augmentations OR enlarge-
ment OR enlargements OR enhancement OR enhancements
OR implant OR implants OR implantation OR implantations
OR reconstruction OR reconstructions OR reconstructive OR
surgery OR surgeries OR operation OR operations OR pros-
thesis OR prostheses).

The searches were conducted with no date or language limits.
The databases were searched from the inception date forward.
The reference lists of the selected papers were subsequently re-
viewed for additional papers. The Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) flowchart of
the selection is presented in Fig. 2. The complete search histo-

ries are available in Supplemental Table 1.

Inclusion criteria

We used the PRISMA guidelines for this review [19]. The titles
of the papers identified by the search string above were screened
for whether they included the words “BAD” and synonyms, “im-
plant-based breast augmentation,” or “immediate breast recon-
struction.” The abstracts were then reviewed and screened for
relevant data about women undergoing implant-based breast
augmentation or immediate breast reconstruction and a relevant

description of BAD. Full-text papers were retrieved according to

This flowchart shows the selection process after our literature search. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Anal-
ysis; NLM, National Library of Medicine. Found through another reviewed article.
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the selected abstracts and read and screened by two authors (JBT
and DLD) independently of each other to determine which arti-
cles should be included in this review. We included all studies de-
scribing implant-based breast augmentation or immediate breast
reconstruction and BAD, in which BAD was clearly defined.

Data extraction

The included studies were reviewed using a descriptive check-
list including the first author, year of publication, type of study,
number of participants, method of data collection, and a de-
scription of the person who collected the data, the time of fol-
low-up, and outcome variables (Table 1).

The quality of the individual studies was then evaluated with
regard to: description of the study sample, participation rate, de-
scription of the surgical technique, follow-up, assessment of
BAD, definition/classification of BAD, or whether the defini-
tion of BAD was reproducible (Table 2). The different defini-
tions of BAD are presented in Table 3 and the reported inci-
dence rates of BAD are shown in Table 4.

Review process and interpretation of data
Two of the authors reviewed the papers and extracted the infor-

mation separately, blind to each other s findings. Their findings
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were then compared. In case of disagreement a third author was
consulted. The review was registered in the PROSPERO data-
base (CRD42017068154).

Number of articles

We retrieved 1,158 articles, which was reduced to 866 after re-
moving duplicates. These 866 articles were reviewed as de-
scribed above, yielding only four papers that described women
who underwent either implant-based breast augmentation or
immediate breast reconstruction in which the incidence of BAD
was described and clearly defined [1,6,10,20].

We found several studies describing BAD that were not in-
cluded. These studies were excluded for the following three rea-
sons: no clear definition of BAD [2,5,11,14,21-27], revision
surgery [3,15,16,28-30], and the absence of data regarding BAD
in the results section [18]. The selection process is presented in
the PRISMA flowchart in Fig. 2.

Study design, participants, and method
The included papers were published from 2004 to 2017. Two
were conducted in Italy and two in the United States. The de-

No. of Method of data e i "
Author (year) Country Type of study - - Data assessors follow-up  Outcome variable
participants collection (o)

Pelle-Ceravolo Italy Retrospective 348/580?  Physical exam, 6 judgements ~ Surgeon, nurse, patient 6 BAD

(2004) 1] for each patient
Spear USA Case-series 40/40 Photographs Plastic surgery residents 6 Incidence and severity

(2009) [6] 69/195 Questionnaire (non-validated) Patient of BAD

Self-evaluation of BAD

Bracaglia Italy Retrospective 524 Photographs Plastic surgeons 6-180 BAD

(2013) [20] Physical exam®
Nigro USA Retrospective 84/108 Questionnaire Patient 6-72 BAD

(2017) [10] Patient level of physical

activity
BAD, breast animation deformity.
¥Three hundred and forty-eight patients, 2 breasts each X 3 judgements each=2,088 judgements in total; "Spear grading.
CI@ar_ Participation LI T Similar B[] Definition of Y
Author (year) description rate of surgical follow-u assessment BAD definition  Total score
of study technique P of BAD reproducible?
Pelle-Ceravolo (2004) [1] Yes Yes Yes No Yes Yes No 5/7
Spear (2009) [6] Yes Yes Yes No Yes Yes No 5/7
Bracaglia (2013) [20] Yes No Yes No Yes Yes No 4/7
Nigro (2017) [10] Yes Yes Yes Yes Patient self- Yes No 5/7
assessment

BAD, breast animation deformity.
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sign was retrospective in three studies and one was a case series.
Three studies described BAD after breast augmentation and
one following immediate breast reconstruction.

The number of participants ranged from 40 to 524 (Table 1).
The age of the participants was clearly described in one of the
four studies (median age, SO years) [10]. Variation was present in
the methods used to assess BAD. In three of the four studies the
degree of BAD was evaluated by the surgeons either through
physical exams or by evaluating photographs of the patients us-
ing a grading scale [1,6,20]. Two of the four studies used a non-
validated questionnaire for self-evaluation of the degree of BAD
[6,10]. Nigro and Blanchet [10] used the self-reported degree of
BAD as the only outcome measure. The subjective grading scales
used by each study were either 3-, 4-, or 10-point scales. One
study converted the 10-point scale that they used to a 4-point
scale in order to compare it with the study by Spear et al. The fol-
low-up period ranged from 6 months to 15 years [1,6, 10,20].

Surgical technique
The surgical techniques in the included studies either used a to-
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tal or partial submuscular pocket for implant placement. How-
ever, the surgical techniques differed across studies. Pelle-Cera-
volo et al. [1] described two groups of patients who underwent
breast augmentation either using the Regnault technique, with
inferomedial release of the pectoralis major muscle, or using
their own muscle-splitting technique, in which a dual-plane
technique was combined with a full-thickness muscle incision
on a vertical line situated on the nipple projection. Spear et al.
(6] used a dual-plane partial muscle coverage technique on all
their consecutive patients, and Bracaglia et al. [20] used a triple-
plane technique (Fig. 1). The triple-plane technique is described
as a horizontally divided pectoralis major muscle at the level of
the areola leading to muscle coverage of the implant in the upper
and lower part, and subglandular coverage in the middle. Nigro
and Blanchet [10] used a dual-plane technique for patients un-
dergoing either direct-to-implant or 2-stage immediate breast

reconstruction using acellular dermal matrix in the lower pole.

Quality of the studies
All the included studies had a clear description of the study

Pelle-Ceravolo [1]

Spear [6]

Bracaglia [20]

Nigro [10]

Class I: non-existing or minimal
deformity

Class II: moderate deformity with a
certain alteration of the breast shape
but with limited effect on the
aesthetic appearance of the breast

Class III: important and obvious
deformity that was definitely
aesthetically unacceptable

Grade I: no distortion and unable to
discern whether the implant lies in
front of or behind the pectoralis
muscle

Grade II: one is able to tell that the
implant is subpectoral, but there is
minimal distortion with an
aesthetically pleasing result

Grade IIl: moderate distortion but still an
aesthetically acceptable result

Grade IV: severe distortion with an
unattractive result during muscle
contraction

Grade I: no distortion and unable to
discern whether the implant lies in
front of or behind the pectoralis
muscle

Grade II: one is able to tell that the
implant is subpectoral, but there is
minimal distortion with an
aesthetically pleasing result

Grade Ill: moderate distortion but still an
aesthetically acceptable result

Grade IV: severe distortion with an
unattractive result during muscle
contraction

“Twitching or movement of the upper
portion of the breast with certain
muscle movement of the arms or
chest”

If yes, how bothersome do you find it on
ascale 1to 10 where 1 is not at all
and 10 being disabling?

Converted to the following categories:

None

Minimal: 1-2.5
Mild: 3-5
Moderate: 5.5-7.5
Severe: 8-10

Pelle-Ceravolo [1] Spear [6] Bracaglia [20] Nigro [10]

Group 12 1: 22.5 (9/40) l: 67 (351/524) None: 24.4 (20/84)
1:69.9 (1261/1,812)Y II: 62.5 (25/40) Il: 29.7 (156/524) Minimal/mild: 50 (41/84)
Il: 24.9 (452/1,812)" IIl: 10 (4/40) Il: 3 (17/524) Moderate: 14.6 (12/84)
I 5.4 (99/1,812)? V: 5 (2/40) IV: 0 (0/524) Severe: 11 (9/84)

Group 119
I: 26.8 (74/276)
Il: 25.7 (71/276)"
III: 47.4 (131/276)"

Self-evaluation
None-mild: 82 (56/69)
Moderate: 10 (7/69)
Severe: 7 (5/69)

Values are presented as percent (number/number).
IMuscle-splitting technique; "Judgements: group I: 302 patients, group Il: 46 patients; “Regnault technique.
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sample. The participation rate was reported or possible to calcu-
late in three of the four studies [1,6,10]. The minimum follow-
up was 6 months for all studies, and health professionals were
responsible for the data collection in three of the four studies
[1,6,20]. BAD was clearly defined in all the included studies
(Table 3). Two studies used a 4-point scale [6,20]; one study
used a 3-point scale [1], and the remaining study used a
10-point scale that was later converted to a 4-point scale [10].
None of the studies examined whether their findings were re-
producible. Two studies assessed the patient-reported evalua-

tion of BAD using non-validated questionnaires [6,10].

Incidence of BAD

The total number of patients assessed for BAD was 996 in this
review, not including the self-evaluating patients in the study by
Spear et al. The median percentage of patients with some degree
(mild, moderate, and severe) of BAD was 58% (Table 4). The
highest percentages were found in patients operated on with the
Regnault technique or a dual-plane technique: Spear et al. found
an incidence of 78%, while Nigro and Blanchet reported an inci-
dence of 76% and Pelle-Ceravolo et al. found an incidence of
73% in patients in whom the Regnault technique was used. The
lowest incidence rates were found following the dual-plane
muscle-splitting technique and the triple-plane technique: Pelle-
Ceravolo et al. reported a rate of 30% and Bracaglia et al. report-
ed a rate of 33% for these techniques, respectively.

It is difficult to compare the findings regarding patients de-
scribed as having a moderate degree of BAD, because three of
the included studies [6,10,20] used a 4-point scale and the other
study [1] used a 3-point scale. However, all these studies speci-
fied a “severe” BAD category. The incidence of severe BAD was
47% following operations using the Regnault technique, and 5%
and 11% following dual-plane augmentation and reconstruction,
respectively. After the dual-plane muscle-splitting technique, se-
vere BAD occurred in 5% of patients, whereas it occurred in 0%

of patients in whom the triple-plane technique was used.

Four different surgical methods and types of pectoralis major
muscle involvement were presented and compared: (1) the Reg-
nault technique; (2) dual-plane partial muscle coverage; (3) the
dual-plane technique in combination with muscle-splitting and
partial muscle coverage; and (4) the triple-plane technique with
partial muscle coverage (Fig. 1). The percentage of patients with
BAD varied between 30% and 78%, with a median of 58%. Upon
first impression, the data seem to indicate that there was no
meaningful difference in the incidence of BAD between the Reg-
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nault technique and the dual-plane technique, whereas the de-
gree of BAD was lower following the muscle-splitting and triple-
plane techniques. When examining the degree of severe BAD,
there was a clear trend for the incidence of severe BAD to in-
crease with the degree of muscle coverage, as the use of the Reg-
nault technique by Pelle-Ceravolo et al. resulted in an incidence
of severe BAD of 47%. In contrast, Nigro and Blanchet [10] and
Spear et al. [6] reported that severe BAD occurred in 5% and
11% of patients following dual-plane augmentation and recon-
struction, respectively; Pelle-Ceravolo et al. reported that severe
BAD occurred in 5% of patients in whom the dual-plane muscle-
splitting technique was used; and Bracaglia et al. reported severe
BAD in 0% of their patients in whom the triple-plane technique
was used. We postulate that the likelihood of BAD varies with the
degree of muscle coverage/involvement and that the incidence
of BAD can be expected to be close to 0% when there is no mus-
cle coverage. However, this conclusion cannot be firmly made on
the basis of this study due to the lack of data of sufficient quality
for comparison, and this issue remains to be elucidated.

Thus, the data seem to show a clear association between the
degree of muscle coverage and the degree of BAD, even though
the grading systems are not directly comparable. Pelle-Ceravolo
et al. used a 3-point scale to evaluate their own technique in
comparison to the Regnault technique, whereas the three other
studies used 4-point scales for their evaluation. This could imply
that the incidence of moderate to severe BAD was overestimat-
ed in the study by Pelle-Ceravolo et al., since a larger proportion
of their patients could have been classified in the severe catego-
ry. Furthermore, the ability to compare the surgical technique
developed by Pelle-Ceravolo et al. with the Regnault technique
is limited, as the larger number of patients who underwent sur-
gery using their technique (302 patients vs. 46 patients) might
have lowered the incidence of severe BAD.

The examinations of BAD should be compared with caution.
The degree of BAD was not evaluated using the same scale, and
the evaluation was performed in different ways. Pelle-Ceravolo
et al. performed a physical exam for all their patients, whereas
Spear et al. and Bracaglia et al. used photographs to evaluate the
degree of BAD. The classification of BAD differed among stud-
ies. Pelle-Ceravolo et al. used three examiners for each patient: a
plastic surgeon, a nurse, and the patient. Spear et al. used a group
of plastic surgery residents, and Bracaglia et al. used three expe-
rienced plastic surgeons. This combination of different observ-
ers, with different levels of experience and expertise, could affect
the quality and comparability of the evaluations.

In two of the studies, by Nigro and Blanchet [10] and Spear et
al. [6], the degree of BAD was evaluated by the patients using
questionnaires. Spear et al. reported a remarkable similarity in
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the assessments of BAD using the photo evaluations and the
questionnaires.

The patient questionnaires used in the study by Spear et al. are
interesting in that none of the patients experienced any inconve-
nience in relation to daily activities, but 24% and 19% stated
that they were affected when lifting weights or exercising in gen-
eral. When asked if they would choose the retropectoral implant
placement again, 70% would, 28% were unsure, and 3% would
not choose it again. However, we cannot know if these data are
representative of the entire cohort, since the response rate to the
questionnaire was rather low (35%; 69 of 195). This implies a
major risk of selection bias; in particular, it is possible that the
patients who felt most positively about their outcomes might
have replied, while those who were less satisfied did not.

In the most recent study by Nigro and Blanchet [10], 84 of
108 patients (78%) replied to questionnaires regarding a self-as-
sessment of the degree of BAD and how bothersome BAD was
to their daily activities. Three-quarters (74%) of patients report-
ed experiencing some degree of BAD. They did not find a sig-
nificant difference in the degree of BAD between athletic and
non-athletic women. This finding is counterintuitive, as one
would expect that BAD would affect athletic women the most,
which has also been suggested in two studies that found that
athletic women were more prone to suffer from BAD [6,14].

The follow-up differed among studies, ranging from 6 months
to 15 years. This may have affected the results, as we do not
know whether BAD improves or worsens with time.

We expected to be able to compare the above-mentioned tech-
niques for implant-based breast augmentation and breast recon-
struction to prepectoral implant placement, since the number of

Fig. 3. Woman with subpectoral implant placement
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papers describing prepectoral implant placement to avoid BAD
are increasing at a rapid pace. Unfortunately, several studies were
not included in this review because BAD was not clearly defined
or described, or because the Results section did not contain any
data regarding the assessment of BAD [2,3,5,11,14-16,18,21-
27,29,30]. The selection process is presented in the PRISMA
flowchart in Fig, 1.

It is challenging to compare the four included studies and to
interpret the reported incidence rates due to differences in the
assessment of BAD and because the authors did not examine
whether their results were reproducible by conducting an inter-
or intra-rater reliability study.

The most important question regarding this issue is whether
patients perceive BAD as a problem and how it affects their
quality of life. A recent study by Becker and Fregosi [S] investi-
gated this question. They contacted 25 women who had under-
gone submuscular breast reconstruction and found that 100%
experienced BAD and 80% were bothered by it. Although the
study population was small, it is noteworthy that all the patients
experienced BAD.

To evaluate this condition, it is imperative that assessments are
consistently performed in a reproducible manner to enable a
standardized comparison of the results. We need a standardized
grading scale for BAD that could be used to assess the degree of
BAD in both augmented and reconstructed populations. The
optimal assessment would be based on a clinical evaluation in
an outpatient clinic. The second-best option is to assess BAD by
watching videos of the patients. This may be advantageous,
since the videos can be used for inter- and intra-rater reliability
assessments to test the reproducibility of the scale. Still photos

The two photographs demonstrate (A) no breast animation deformity at rest and (B) a visible deformity during muscle contraction.

13



Dyrberg DLetal. Breast animation deformity

can be used as a tool for documenting the dynamic phenome-
non of BAD if images are taken with the patient in a relaxed po-
sition and when activating the major pectoral muscle for com-
parison (Fig. 3).

Furthermore, it is necessary to demonstrate that the trend to-
wards prepectoral implant placement, especially in breast recon-
struction, can lead to the same level of aesthetic and functional
results as submuscular implant placement in the long term. Pre-
pectoral placement of implants might improve BAD, but it may
cause significantly more capsular contracture [17]. However, we
will have to wait for at least 5 years before we will get any indica-
tion of whether this is true.

Assessment of quality of life and patient-related outcome mea-
sures in patients diagnosed with BAD is just as important as
grading the severity of BAD itself. We may not need to treat
BAD or to change our reconstructive techniques if BAD does
not influence quality of life and patient-related outcome mea-
sures. We need more studies that assess BAD using quality of
life and patient-related outcome measures, as well as a standard-
ized and reproducible grading scale, to gain insight into these is-

sues.

The degree of BAD seems to be proportional to the degree of
muscle involvement in implant-based breast augmentation and
reconstruction. The highest incidence of severe BAD was ob-
served following the Regnault technique and the lowest inci-
dence following the triple-plane surgical technique. A standard-
ized reproducible grading scale is needed to evaluate the degree
of BAD in a way that would allow comparison across studies,
and studies of quality of life and patient-related outcome mea-
sures are needed to determine whether BAD is perceived as a
problem by patients.
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