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Summary

Breast reconstruction has advanced significantly, yet loss of nipple-areola complex (NAC) sensation after mastectomy remains a key limitation,
particularly in implant-based breast reconstruction (IBR). This systematic review evaluates the effectiveness of nipple neurotization in restoring
sensation following IBR. Eight studies including 131 patients (181 breasts) were analyzed. Techniques primarily involved intercostal nerve
coaptation using allografts, autografts, or direct repair, most commonly the fourth intercostal nerve. Sensory recovery was consistently reported,
with improvement detectable as early as 3 months and progressive gains over time. Neurotized breasts demonstrated superior outcomes in
objective sensory testing and patient-reported measures, including psychosocial and sexual well-being. Despite heterogeneity and small sample

sizes, findings suggest nipple neurotization is a safe and promising adjunct to IBR, warranting further standardized studies.
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Introduction

Breast reconstruction has evolved from
the simple creation of a breast mound
to the restoration of a more natural
and aesthetically pleasing breast, par-
ticularly when performed in conjunc-
tion with nipple-sparing mastectomy
(NSM) [1].

Despite these advances, loss of sensa-
tion in the nipple-areola complex (NAC)
remains a frequent complaint among
breast cancer survivors. The NAC is a key
aesthetic component of the breast as
well as also a region rich in sensory re-
ceptors, making it essential for self-im-
age and sexual health [2].

Loss of sensation primarily results
from damage to the intercostal nerves

during mastectomy. While spontaneous
sensory recovery is possible, it occurs in
fewer than half of the patients. Over 60%
of patients report complete sensory loss
2 years after surgery, and nearly 90% ex-
perience little to no sensory input from
the NAC [2,3]. The emotional and psy-
chological impact of sensory loss may
contribute to decreased sexual sat-
isfaction, impaired interpersonal re-
lationships, and diminished quality
of life [4].

Sensory recovery has been exten-
sively studied in autologous breast re-
construction. The transfer of well-vas-
cularized tissue facilitates spontaneous
neurotization of the skin island, and
outcomes improve further when nerve

coaptation is incorporated into the
reconstruction [5,6].

Implant-based breast reconstruc-
tion (IBR) remains the preferred choice
for many patients and surgeons due to
its less invasive nature, shorter recov-
ery time, and absence of donor site mor-
bidity [7]. However, sensory recovery
following IBR is variable and unpredict-
able [6]. Some centres have proposed
reconnecting the severed intercostal
nerves to the NAC to restore sensation,
but evidence supporting these tech-
niques remains limited.

This systematic review aims to provide
a comprehensive evaluation of the cur-
rent evidence on NAC reinnervation fol-
lowing IBR.
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Evaluation of the topic
Methods

A systematic review was conducted in
accordance with the Preferred report-
ing items for systematic reviews and
meta-analyses (PRISMA) guidelines [8]
and was registered in PROSPERO (ID:
CRD42024629767). The primary objec-
tive was to assess the efficacy and feasi-
bility of nipple neurotization for sensory
restoration in patients undergoing IBR
after mastectomy.

Studies were eligible for inclusion if
they reported outcomes of nipple neu-
rotization in patients undergoing IBR
and included sensory recovery as an
outcome. Nipple neurotization was de-
fined as any surgical technique aiming
to restore NAC sensation by reconnect-
ing intercostal or other donor nerves to
the NAC following mastectomy.

Eligible studies were published be-
tween 2000 and 2025. Relevant studies
published outside this time frame were
also considered if they provided mean-
ingful clinical insights. No language re-
strictions were applied.

A search was conducted across Pub-
Med, Web of Science, Embase, Cochrane
Library, and Google Scholar databases.
The following terms were used: “mas-
tectomy”, “breast reconstruction’, “ex-

pander”, “mammaplasty”, “breast im-

plant’, “neurotization”, “sensation”, “nerve
transfer”, and “reinnervation”. Reference
lists of included studies were manually
screened to identify additional relevant
publications.

Three reviewers independently
screened all retrieved records. Initial
screening involved removal of duplicates

and evaluation of titles and abstracts to

Articles identified from:
databases (N = 331)
« Pubmed (N = 23)
» Google Scholar (N = 298)
- Web of Science (N = 10)
» Cochrane (N =0)

v

Articles screened
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v
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Identification

Screening
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Identification of studies via databases and registers
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(N=31)
Articles excluded on title
(N=278)
Articles excluded on abstract
(N=6)
Articles excluded:
—>

Records removed before screening:

review (N = 4)
« breast reconstruction
without implants (N =1)
- implant-based reconstruction
without neurotization (N = 3)

Fig. 1. PRISMA flowchart.

identify potentially eligible studies. Full-
-text articles of selected studies were
then reviewed to determine final inclu-
sion. Data extraction was performed in-
dependently by each reviewer to mini-
mize selection bias. Any discrepancies
were resolved through discussion, and
when necessary, a fourth reviewer adju-
dicated to achieve consensus.

Data extraction was performed using
a standardized form, capturing study
characteristics and details of the pa-
tient population such as demographic
data, neurotization procedure, includ-
ing nerve graft type (autograft, allograft,
or direct coaptation) and donor nerve(s)
used. Primary outcomes included NAC
sensory recovery, time to sensory return
(in months postoperatively), and the
modality of sensory testing (e.g. clinical
evaluation, Semmes-Weinstein monofil-
ament testing, two-point discrimination,
or the pressure-specified sensory device
(PSSD)). Risk of bias was assessed using
the Joanna Briggs Institute critial ap-
praisal checklist for case series [9].

When essential data were missing,
corresponding authors were contacted
for clarification. Studies with unresolved
critical data gaps were excluded from
specific analyses. Given the heterogene-
ity in methodology, outcome measures,
and follow-up duration among included
studies, a meta-analysis was not feasible.
Therefore, results are presented in a de-
scriptive format.

The initial search retrieved 332 studies.
Eight studies met the inclusion crite-
ria and were included in the final anal-
ysis (Fig. 1) [6,10-16]. A total of 131 pa-
tients (mean age 41.1 years) were
included, corresponding to 181 recon-
structed breasts (Tab. 1). Most patients
underwent direct-to-implant recon-
struction (176 breasts; 97.2%), whereas
4 breasts (2.2%) received tissue expand-
ers, and 1 patient (0.5%) already had
a pre-existing implant at the time of
neurotization.

Among the reported nerve repair
approaches, allografts were most fre-
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Tab. 1. Summary of the included articles.

Author  Study No. No. Mean Breast NACrein- Donor Evalua- Follow-up Result PROM
(year) design pa- breasts age recon- nervation nerve tion
tients (years) struction technique strategy
Peled  pilotstudy 12 23 NA  directto allograft intraglandu- 2PD 3and 87% preserved 100%
etal. implant lar branch or 6 months 2PD, 100% preser- satisfaction
(2019) the lateral 4t vation pf light and
[10] or 5" inter- gross touch after
costal nerve 3 months
Djohan prospec- 8 15 3812  11:di-  allograft intraglandular ~ PSSD 4and improvement in NA
etal.  tive cohort rect to im- branch or the 10 months  static and move-
(2020) plant; 4: lateral 4 in- ment tests on the
[11] expander tercostal nerve NAC
Telich  casereport 1 1 42,00 afterim- sural nerve 4" intercostal 2PD, light 6 months  2PD 15 mm on NA
etal. plant  autograft nerve and soft the NAC, recovery
(2022) placement touch of soft and light
[6] touch
Peled prospec- 47 79 4630 directto allograft intraglandu-  PSSD 6 and > 70% excellent NA
etal.  tive cohort implant lar branch or 12 months result for moving
(2023) the lateral 4™ and static
[12] or 5" inter- pressure
costal nerve
Juan ran- 15 15 4236 directto intercos- stumpfrom SWmono- 3and improved recovery improve-
etal. domized- implant  talnerve 2™, 3™, 4% filament 6 months on NACsensation mentin
(2024) -controlled autograft or 5 compared to con- emotional,
[14] clinical lateral inter- trol group physical
Juan ran- 37 37 4236 directto directney- <OStalnerve and social
etal. domized- implant  rotization EORTC QLQ-
(2024) -controlled -C30scale
[14] clinical
Chang retrospec- 3 3 3830 directto 3™, 4" lateral cutane- SW mono- 14 months significant NA
etal. tive case- implant  or5™in- ousbranches filament recovery
(2024)  control tercos-  from 3t 4t vs. non-necrotized
[13] study tal nerve  or 5% lateral group
autograft  intercostal (P <0.001)
nerve
Shyu prospec- 7 7 4430 directto intercos- lateralcu- SWmono- 15months mean monofila- higher
etal. tive case- implant  tal nerve taneous filament ment value BREAST-Q
(2025)  control autograft  branches 40£1.15 for nipple
[15] series from 3t, 4t sensation,
or5® psychosocial
lateral inter- well-being,
costal nerve sexual well-
-being, satis-
faction with
the medical
team
Lapins casereport 1 1 35.00 directto suralnerve stump ofthe SWmono- 6 months SW 0.008 g/mm? slight
etal. implant  autograft 4t lateralin- filament improved com-  improve-
(2025) tercostal pared to non- mentin
[16] nerve -necrotized breast BREAST-Q
score

NA - not available; NAC - nipple-areola complex; PROM - patient reported outcomes; PSSD - pressure specified sensory device;
SW - Semmes-Weinstein monofilament; 2PD - two point discrimination
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Fig. 2. Intraoperative photos of the surgical techniques. a) Identification of an intraglandular branch of the intercostal
nerve at the time of immediate neurotization. b) Full length of the intraglandular 4* and 5% intraglandular intercostal
nerves at the time of immediate neurotization. c) Dissection of the 4" intercostal nerve in the intercostal space at the
time of delayed neurotization. d) Length of the harvested 4 intercostal nerve during delayed neurotization.

e) Identification of the 4t intercostal nerve laterally to the breast implant in late neurotization. f) Sural nerve tunnelled
from the intercostal nerve harvest site to the areolar area.

quently utilized (117 breasts; 64.6%), fol-
lowed by direct neurotization (37 breasts;
20.4%) and autografts (27 breasts;
14.9%).

The fourth intercostal nerve was
the most selected donor nerve. Peled
etal. used the fourth or fifth intercos-
tal nerves in 102 reconstructed breasts
(56.3%) [10,12], while Juan etal. varied
donor selection between the sec-
ond and fourth intercostal nerves in
52 breasts (28.7%) [14]. Chang and Shyu
employed branches from the third to
fifth intercostal nerves in 10 breasts
(5.5%) [13,15]; the rest of the authors
used the fourth intercostal nerve exclu-
sively in 17 breasts (9.4%) [6,11,16].

Surgical technique

Nipple neurotization was performed
using three primary techniques, de-
pending on the timing of reconstruction
and the availability of donor nerves.

In most cases, reinnervation was per-
formed at the time of mastectomy (im-
mediate reconstruction). The anterior
branches of the intercostal nerves were
identified as they emerged laterally to
the pectoralis major muscle, followed by
intraglandular dissection to achieve suf-
ficient donor nerve length [10-12].

When a suitable donor nerve was not
identifiable, or in delayed reconstruc-
tions performed during expander-to-im-
plant exchange, intercostal nerves were

dissected directly within the intercostal
spaces [13]. Autografts were used when
nerve allografts were unavailable, with
donor sources including intercostal and
sural nerves.

A single late reconstruction case was
described in which the intercostal nerve
was harvested lateral to the breast im-
plant and bridged to the areola using
a sural nerve graft [6].

All nerve coaptations were performed
under magnification, either with sur-
gical loupes or an operating micro-
scope. The distal graft was coapted
to a recipient nerve stump within the
areola or embedded within the nipple
dermis (Fig. 2).
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Postoperative recovery

Follow-up intervals for sensory evalua-
tion varied among studies, ranging from
3 months to 15 months postoperatively.
Return of NAC sensation was reported as
early as 3 months, with progressive im-
provement over time.

A pilot study published by Peled etal.
reported two-point discrimination re-
covery in 87% of breasts and preserva-
tion of light and gross touch in all cases
3 months after surgery [10]. In a sub-
sequent study from the same group,
quantitative assessment using the
PSSD showed excellent one-point mov-
ing pressure thresholds in 69-73% and
static pressure thresholds in 38-75% of
breasts at 12 months [12].

Djohan etal. reported improvement
in static and movement tests using the
PSSD 4 months after surgery, with im-
provement in thresholds in the patients
that were followed for 10 months. In
2 cases of bilateral reconstruction and
unilateral neurotization the neurotized
sides had better sensory outcomes at
4 and 10 months [11].

In a randomized clinical trial, Juan
etal. found that neurotized breasts
had significantly improved nipple and
skin sensation at 3 and 6 months. Ad-
ditionally, patients with neurotized
breasts reported better emotional,
physical, and social functioning, as
well as lower pain scores on the EORTC
QLQ-C30 questionnaire [14].

Chang etal. compared neurotized vs.
non-neurotized breasts in patients un-
dergoing autologous or implant-based
reconstruction. The mean Semmes-
-Weinstein monofilament values were
significantly better in the neurotized
group (35.619) compared to controls
(179.13g; P < 0.001). Progressive sensory
recovery was documented, with mean
monofilament thresholds improving
from 138.17g (0-6 months) to 59.55g
(7-12 months), 14.54g (13-18 months),
and 0.37g (19-24 months) post-mas-
tectomy. Although only 3 patients in
this series underwent IBR, their mean

final threshold (5.72 g) remained supe-
rior to that of non-neurotized breasts
(179.139) [13].

In a more recent prospective case-con-
trol study by the same group, the neu-
rotized cohort achieved a mean monofil-
ament threshold of 4.02 + 1.15 g, however
no measurements are reported for the
non-neurotized group. Furthermore, in
this series only seven patients out of 67 re-
ceived IBR. Overall results showed signifi-
cantly higher BREAST-Q scores for nipple
sensation, psychosocial and sexual well-
-being, satisfaction with the medical team,
and fewer postoperative breast symp-
toms. Subgroup analysis for IBR demon-
strated a consistent trend toward better
outcomes, though only the “itchiness” do-
main reached statistical significance [15].

Finally, two case reports provided ad-
ditional clinical insight. The first, from
Mexico, described a patient with a pre-
existing breast implant in whom a long
sural nerve graft was used to bridge the
fourth intercostal nerve to the areola,
resulting in recovery of light touch and
two-point discrimination at 6 months
postoperatively [6]. The second, from
Latvia, reported a patient who under-
went bilateral NSM, in whom the neu-
rotized breast demonstrated superior
monofilament test results and improved
BREAST-Q scores compared to the non-
-neurotized side at 6 months [16].

Discussion
The NAC is a key anatomical landmark
in breast aesthetics, and its sensory
function plays a critical role for both
protective and psychosocial well-be-
ing [17]. Loss of sensation in the mastec-
tomy flaps and NAC can result in multi-
ple complications, including increased
risk of injury due to impaired protec-
tive sensation, dryness and scaling of
the skin secondary to autonomic de-
nervation, and psychological distress re-
lated to altered body image and sexual
well-being [18,19].

The impact of sensory loss after mas-
tectomy was first described by Courtiss

in 1976 [20]. However, interest in restor-
ing breast sensation only emerged fol-
lowing Blondeel’s 1999 reports on au-
tologous flap neurotization, which
demonstrated meaningful sensory re-
covery and improved patient-reported
outcomes [21]. Despite these advances,
widespread adoption was limited by
technical challenges and increased op-
erative times.

IBR has historically shown poorer sen-
sory recovery compared with autolo-
gous techniques, primarily due to the
lack of vascularized tissue supporting
axonal regrowth [22]. Nevertheless, IBR
remains the predominant reconstructive
approach, representing nearly 80% of all
breast reconstructions [23,24]. Conse-
quently, alternative neurotization strat-
egies, such as direct NAC neurotization
and nerve graft interposition, have been
proposed to enhance sensory outcomes
in these patients.

This review analysed 8 studies includ-
ing 181 breasts that underwent NAC
reinnervation. Although techniques
varied between authors, all aimed to re-
establish a neural connection between
the areolar dermis and an intercostal
nerve, most commonly the fourth. All
studies reported improved nipple sen-
sation, with recovery beginning as early
as 3 months after the surgery. Although
results could not be pooled in a meta-
analysis, outcomes were consistently fa-
vourable, and statistically significant im-
provement in nipple sensation was in
the studies that compared neurotized
breasts against controls [13,14].

Most patients in the reviewed studies
underwent direct-to-implant recon-
struction, raising the question of
whether neurotization is equally effec-
tive in two-stage expander-based recon-
structions, or if the nerve repair should
be deferred until expander exchange.
Furthermore, no group has directly
compared autologous flap neurotiza-
tion with nipple neurotization in allo-
plastic reconstruction. However, Chang’s
group has extended the application of
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direct NAC neurotization to microsur-
gical flap reconstructions, suggesting
potential benefit across reconstructive
modalities [13].

A noteworthy finding of this review
is the frequent use of nerve allografts
in American studies. This eliminates do-
nor-site morbidity but may be cost-pro-
hibitive or unavailable in some settings.
Boyd etal. reported that neurotization
increases surgical costs by more than
$7,000. Although the authors did not de-
tail the specific contributors, the differ-
ence is likely related to the price of nerve
allografts and the additional operative
time required [25]. While these figures
reflect the U.S. healthcare environment
and may not directly apply to other sys-
tems, the expenses must be considered
when discussing reimbursement with
public health authorities or when coun-
selling patients who pay out of pocket.

This review is limited by the small num-
ber of published studies, small sam-
ple sizes, heterogeneity in surgical tech-
niques, and lack of standardized outcome
or rehabilitation protocols. These factors
reduce generalizability and may limit the
broader applicability of nipple neuroti-
zation. Additionally, the requirement for
specialized training in peripheral nerve
surgery and longer operative times may
deter some surgeons from adopting
these procedures in their practice.

Another limitation concerns the nu-
merous factors influencing NAC reinner-
vation, such as mastectomy flap thick-
ness, dissection technique (cold vs.
cautery), implant plane (prepectoral vs.
subpectoral), and patient comorbidities.
Although none of the reviewed studies
comprehensively addressed these as-
pects, available evidence from con-
trolled studies supports improved sen-
sation and quality of life among patients
undergoing neurotization.

Overall, the consistent positive out-
comes across diverse clinical scenarios
suggest that incorporating nipple neu-
rotization during IBR can meaningfully
improve patient satisfaction and sen-

sory recovery, particularly for those who
are not candidates for, or prefer to avoid,
autologous reconstruction. Compared
to a prior review by Sorenson etal. [26],
our analysis included broader databases
(including Google Scholar) and removed
language restrictions, identifying two
additional studies that contribute new
insights. The inclusion of reports from
high-resource centres in the United
States and Taiwan, as well as developing
regions such as Mexico and Latvia, high-
lights the growing global interest in this
technique.

Future research should focus on stan-
dardized, objective methods for sensory
evaluation. Although Semmes-Wein-
stein monofilament testing and two-
-pointdiscrimination remain widely used
in clinical practice, they remain highly
operator-dependent and subject to in-
ter-observer variability [27]. Emerging
technologies, such as the Acroval PSSD
(Axogen, Jacksonville, FL) [12,28-30],
provide more reproducible and quan-
tifiable assessments. In addition to ob-
jective measures, the integration of
validated patient-reported outcome in-
struments, such as the BREAST-Q Sen-
sation Module, will be critical in dem-
onstrating the clinical utility of these
interventions [31]. Based on current ev-
idence, we recommend mapping each
breast into five quadrants and evaluat-
ing sensation preoperatively and at 3, 6,
and 12 months postoperatively (Fig. 2).

Finally, increasing awareness of nipple
reinnervation among reconstructive sur-
geons and patients is essential. Broader
recognition of its benefits will facilitate
protocol development, encourage the
creation of multi-centre registries, and
strengthen evidence supporting its in-
clusion as a standard adjunct in implant-
-based reconstruction.

Conclusion

This systematic review demonstrates
that nipple neurotization using inter-
costal nerves is a safe and effective tech-
nique for restoring sensation in IBR.
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