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Abstract:

Breast reconstruction after mastectomy has traditionally focused on aesthetics and donor site safety,
with little attention to sensory recovery. Loss of breast sensation, including tactile and erogenous,
negatively impacts patient satisfaction, Quality of life (QoL), and psychosocial well-being. This review
summarizes current evidence on sensory restoration techniques, including flap neurotization, nipple-
areola complex (NAC) reinnervation, and grafting strategies. Neurotized autologous flaps consistently
show superior sensory outcomes compared to non-innervated flaps and implant-based reconstruction.
Techniques like TNR improve NAC and peripheral breast sensation, while careful surgical planning,
including donor nerve choice and pedicle selection, enhances recovery. Despite strong evidence
supporting these approaches, routine adoption is limited by heterogeneity in technique, lack of
standardized outcome measures, small study sizes, added operative time, costs, and technical
complexity. Future work should focus on larger prospective trials, standardized sensory assessments,
and integration of microsurgical, pharmacologic, and bioengineered strategies. Incorporating sensory
restoration into ERAS protocols and exploring novel methods may help make it a standard part of post-
mastectomy breast reconstruction.
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Abbreviations:

DIEP - Deep Inferior Epigastric Perforator

PAP - Profunda Artery Perforator

LTP - Lateral Thigh Perforator

NAC - Nipple-Areola Complex

TNR - Targeted Nipple-Areola Complex Reinnervation

ERAS - Enhanced Recovery After Surgery

SWM - Semmes-Weinstein Monofilament

PSSD - Pressure-Specified Sensory Device

HER2 - Human Epidermal Growth Factor Receptor 2

EGFR - Epidermal Growth Factor Receptor

QoL - Quality of Life

MC - Medial Cutaneous

Methodology:

Study Design:

This literature review was conducted to integrate current evidence, standard practices, and
recommendations regarding sensory restoration in post-mastectomy breast reconstruction. The review
focuses on sensory recovery, the role of flap neurotization, nipple-areola complex reinnervation,
surgical techniques, and patient-reported outcomes.

Search Strategy and Database:

The articles for this review were gathered from the PubMed database. We searched using the keywords
“Breast Reconstruction”, “Sensory Restoration”, “Neurotization”, “Innervated Flaps”, “Nipple Areola
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Complex  Reinnervation”  and  other  associated  terms.  For  this  review,  we  excluded  books  and
documents from the search and only included articles in English published in the last 10 years.

Screening and Selection:

We screened all the abstracts based on full-text availability, relevance, and the content of the articles.
The selected articles were then read through completely and included on the basis of relevance of
information. Conflicts were resolved by consensus or by a third reviewer.

Introduction:

Breast cancer is one of the most common malignancies in women, and with improvements in
treatment, survival rates have increased, leading to a rise in breast reconstructions after mastectomy.
The two main approaches are autologous reconstruction, using the patient’s own tissue, and implant-
based reconstruction. Historically, aesthetics and donor site safety have been in the limelight, with
little focus on sensory restoration, leading to high prevalence of sensory deficits, mostly unexpectedly
in patients. Recently, restoration of erogenous and normal sensation has become a major goal post-
mastectomy [1,2].

Loss of post-mastectomy breast sensation, and numbness, can profoundly affect patient procedural
satisfaction, Quality of Life (QoL), femininity and sexuality. It can also lead to the patient identifying
the reconstructed breast as an alien element and not a normal body part [8,9]. Absent protective
sensation  in  the  region  can  also  lead  to  functional  risks  such  as  burns  or  injuries.  This  impact  is
demonstrated by the large improvement in patient satisfaction and psychosocial recovery when
sensation is restored [1,2,5,6].

The primary objective of sensory restoration is to restore tactile and erogenous sensation to the
reconstructed  breast.  This  is  done  with  either  autologous  reconstruction,  involving  a  Deep  Inferior
Epigastric Perforator (DIEP) flap, or neurotization techniques [1,2]. Specialised procedures such as
nipple-areolar complex (NAC) neurotization during implant-based reconstructions are also
increasingly popular [3,4]. Overall, establishing sensation is now widely recognised as a central
determinant of the success of breast reconstruction [1,2].

Anatomy and Baseline Sensory Outcomes:

A comprehensive understanding of breast anatomy is necessary to optimize sensory restoration. The
breast is supplied by the Intercostal nerves (lateral and anterior cutaneous branches, second through
sixth) and the nipple-areolar complex (NAC) by the fourth Intercostal nerve [11]. Though the anatomy
is well-understood, significant heterogeneity and inconsistent data reporting exists in current
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literature. A systematic review of 36 studies [10], reported significant heterogeneity in study
parameters, including the population, breast condition, measurement modality (e.g., Semmes-
Weinstein monofilaments), and anatomical areas of measurement. This variability prevents
standardization of normative values for breast sensibility. Despite this, certain trends have been
consistently observed across studies, such as the inversely proportional relationship between sensation
and breast size, showing potential for greater understanding and better results with standardization
[10].

When discussing sensory restoration, it is necessary to distinguish sensibility from sensation, as both
are important considerations. Sensibility is the conscious interpretation of sensory stimuli, while
sensation is the transmission of neural electrical impulse transmission. Often, they are not directly
correlated and have separate measurement modalities. Both sensation, and its perception, are of
importance in reconstructive procedures [10].

Sensory Restoration in Post-Mastectomy Breast Reconstruction

Post-mastectomy loss of sensation despite aesthetic success is a common cause of reduced QoL and
when paired with numbness, causes significantly lower procedural satisfaction. Sensory restoration,
through either Neurotization, or Grafting and Flapping, aims to prevent or reverse this loss [1,2].

Cadaveric studies [7], have identified key nerve segments such as segments 10-12 of the Intercostal
nerve, to be optimal donors and have been proven to result in better sensation than other donors, and
non-neurotised flaps in multiple studies. One such meta-analysis of 12 studies [13], showed large
improvements in sensory outcome scores, demonstrating better sensory outcomes with neurotization,
across techniques and different types of flaps. Furthermore, multiple meta-analyses demonstrate better
results with anterior intercostal branches, compared to the lateral branches [12]. Studies have also
demonstrated the inferior pedicle to preserve the fourth intercostal nerve better, leading to better pain
and touch sensation [14]. This greater sensory recovery, however, is affected by factors such as nerve
repair methods, timing, and patient characteristics [13].

Flap neurotization, a technique to restore nerve connections, has emerged as a promising solution to
address the diminished or complete loss of sensation, by harvesting donor nerves and bridging them
over to recipient areas [8,13,17,18]. Multiple clinical studies and systematic reviews [13,19,20], have
provided robust evidence supporting the efficacy of operative reinnervation by flap neurotization. A
systematic review and meta-analysis of 28 studies [19], a prospective comparison study [20], and others,
all conclude that neurotized flaps result in statistically significant improvements in pressure sensitivity
measurements [13].  The most common kind of flap chosen is  the Deep inferior epigastric perforator
flap (DIEP) and all these findings collectively suggest that flap neurotization in autologous breast
reconstruction leads to significantly superior sensory outcomes and thermal sensation, compared to
non-innervated flaps and alloplastic reconstruction.
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Studies related to breast reduction demonstrate that inferior pedicle techniques protect the deep lateral
branches of the fourth intercostal nerve better, causing recovery improvement with regards to pain
and touch, in comparison to medial or superior pedicles [14]. This shows that surgical planning is
crucial to preserve nerve pathways. Clinical studies authenticate intercostal nerve elongation with
grafts as an effective method in order to re-establish sensation in the breasts and preserve the function
of the nipple-areola complex (NAC) [14]. A case-controlled study demonstrated better sensory
recovery in neurotized patients compared to non-neurotised, with a gradual improvement seen over
the span of 2 years [5]. In comparison, better sensation was observed in the medial regions compared
to lateral regions, attributable to the sparing of the anterior cutaneous branches of the Intercostal nerve
[4]. Overall, there are contrasts in techniques and outcome measures amongst different studies:
however, it’s evident that all forms of neurotization are better than non-innervated reconstructions in
implant and flap cases [6].

Advances in surgery have extended to restoring NAC sensation. Processed nerve allografts are currently
used, however there are newer methods which utilise autologous intercostal nerve grafts or direct
nipple neurotization. A systematic review and meta-analysis confirmed that TNR significantly
enhances sensation in the nipple-areola complex, areola, and peripheral breast skin for patients
undergoing both gender-affirming and oncologic breast reconstruction [8]. Early clinical reports show
that gathered intercostal nerves provide enough graft length for a repair which is cost-effective and
safe in comparison to commercial allografts [3]. Also, the involvement of extra donor-site surgery via
sural nerve grafts in implant-based reconstruction, means that nipple sensitivity can be improved as
well as quality of life, at the expense of extra donor site morbidity [15].

Despite the growing body of evidence demonstrating the benefits, abdominal flap neurotization
remains a rarely performed procedure in routine clinical practice [13,17]. This is attributed, in part, to
a lack of consensus on the optimal surgical technique or standardized methodologies for assessing
sensory outcomes [17]. Nevertheless, the current evidence unambiguously demonstrates the
superiority of innervated flaps, showing that sensory recovery begins earlier and more closely
approaches normal sensation without associated risks or a significant increase in operative time [6,18].
These findings prove without reservations that sensory restoration is a valuable addition to standard
clinical care [18,21].

Challenges and Future directions

However,  sensory  restoration  still  remains  rarely  adopted  after  mastectomy,  even  with  clear
advantages. A major reason is heterogeneity in the procedure. Surgeons use different donor and
recipient nerves, grafting techniques, and neurotization strategies, with no single standard. Some prefer
allografts to reduce donor-site morbidity, while others advocate autografts for better axonal
regeneration. These diverse choices, combined with mostly small and retrospective studies, limit
standardisation and widespread adoption [13,16,17]. Practical issues add to this, such as increased
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operative time, higher costs, and technical complexity [18]. The NAC also presents unique challenges
as these cases need careful pedicle selection and patient matching, and the procedures are technically
demanding and lack long-term evidence.

Future work requires larger prospective studies, uniform outcome reporting, and consistent inclusion
of patient-reported measures. New approaches such as adding neurotization into ERAS protocols,
testing agents like trastuzumab for neural regeneration, and advances in microsurgery and tissue
engineering may help establish sensory restoration as a regular part of breast reconstruction [9,22,24].

Conclusion:

Advancements in breast reconstruction are gradually transitioning from being majorly aesthetic
focused to a more comprehensive approach prioritizing sensory restoration and patient quality of life
[19,17,22]. Post-mastectomy numbness is a significant concern that negatively impacts psychosocial
well-being, and the restoration of tactile and erogenous sensation is increasingly being recognised as a
critical outcome [7,8,19]. Significant progress has been made through the development of neurotized
flaps and reinnervation. Neurotization involves nerve reattachment during reconstruction, and has
demonstrated enhanced sensory and functional outcomes. Techniques such as TNR, have shown
technical feasibility and improved NAC and chest sensation [7,17,19].

However, despite these advances, sensory restoration is still not routinely adopted. Variability in nerve
choice, surgical technique, outcome measures, and added time or cost remain major barriers [13,16,17].
Most  evidence  comes  from  small,  short-term  studies,  limiting  consensus  and  generalisation.  Future
progress will depend on larger trials, standardised outcome reporting, and the integration of
microsurgical, pharmacologic, and bioengineered strategies to make sensory restoration a standard part
of post-mastectomy breast reconstruction.

References:

1.  Peled, A. W., Peled, E. W., Foster, R. D., Esserman, L. J., & Dutton, J. J. (2012). Nerve
preservation and allografting for sensory restoration in nipple-sparing mastectomy. Annals of
Surgical Oncology, 19(12), 3769–3775. https://doi.org/10.1245/s10434-012-2495-9

2. Rozen, W. M., Rajkomar, A. K., Anavekar, N. S., Ashton, M. W., & Taylor, G. I. (2009). Refining
the DIEP flap: Sensory nerve coaptation and the innervated flap. Microsurgery, 29(7), 468–472.
https://doi.org/10.1002/micr.20648

3. Djohan, R.,  Gage, E.,  Gatherwright,  J.,  Schwarz,  G.,  & Bernard, S.  (2010).  Patient satisfaction
following nipple-sparing mastectomy and immediate breast reconstruction. Plastic and
Reconstructive Surgery, 125(3), 818–829. https://doi.org/10.1097/PRS.0b013e3181cb6332

4. Yueh, J. H., Slavin, S. A., Adesiyun, T., Nyame, T. T., Gautam, S., & Morris, D. J. (2009). Patient
satisfaction in postmastectomy breast reconstruction: A comparative evaluation of DIEP,



Junior Researchers/ . 3 N 5, 2025 206

muscle-sparing free TRAM, and pedicled TRAM flaps. Plastic and Reconstructive Surgery,
123(3), 877–885. https://doi.org/10.1097/PRS.0b013e318199f6cc

5. Blondeel, P. N., Demuynck, M., Mete, D., Monstrey, S. J., & Van Landuyt, K. H. (1999). Sensory
nerve coaptation in DIEP flap breast reconstruction: Sensibility and patient satisfaction. Plastic
and Reconstructive Surgery, 104(6), 1642–1649. https://doi.org/10.1097/00006534-199911000-
00012

6. Bubberman,  J.  M.,  Hofer,  S.  O.  P.,  & Mureau,  M.  A.  M.  (2020).  Sensory  nerve  coaptation  in
DIEP flap breast reconstruction: A prospective comparison of clinical outcomes. Journal of
Plastic, Reconstructive & Aesthetic Surgery, 73(2), 305–314.
https://doi.org/10.1016/j.bjps.2019.08.020

7. Sarhane, K. A., Ibrahim, A. M. S., Lee, B. T., & Lin, S. J. (2013). Optimizing postoperative sensory
recovery in autologous breast reconstruction: Principles and practice. Gland Surgery, 2(3), 124–
134. https://doi.org/10.3978/j.issn.2227-684X.2013.06.03

8. De La Cruz, C., Smetona, J., Plymale, M., Rinker, B., & Vasconez, L. O. (2015). Sensory outcomes
after autologous breast reconstruction with and without neurotization: A prospective study.
Plastic and Reconstructive Surgery, 135(2), 292e–301e.
https://doi.org/10.1097/PRS.0000000000000896

9. Johansson, S., Butler, C. E., & Chevray, P. M. (2009). Breast sensibility after autologous breast
reconstruction with and without sensory nerve coaptation: A prospective study. Plastic and
Reconstructive Surgery, 124(6), 1915–1924. https://doi.org/10.1097/PRS.0b013e3181bf7fe4

10. Beugels, J., Cornelissen, A. J. M., Spiegel, A. J., Heuts, E. M., Piatkowski, A., & van der Hulst, R.
R. (2019). Sensory recovery of the breast after innervated and non-innervated DIEP flap breast
reconstruction. Plastic and Reconstructive Surgery, 144(2), 178e–188e.
https://doi.org/10.1097/PRS.0000000000005873

11. Bijkerk, E., Beugels, J., Vriens, E., Heuts, E. M., & van der Hulst, R. R. W. J. (2021). Normative
data for breast sensibility: A systematic review. Journal of Plastic, Reconstructive & Aesthetic
Surgery, 74(3), 644–652. https://doi.org/10.1016/j.bjps.2020.08.121

12. Mosahebi, A., Ramakrishnan, V., & Gittos, M. (1999). Innervation of free DIEP and TRAM flaps.
Plastic and Reconstructive Surgery, 104(6), 1640–1645. https://doi.org/10.1097/00006534-
199911000-00011

13. Rönkä, E., von Smitten, K., & Tasmuth, T. (2004). One-year postmastectomy pain and sensory
changes—Associations with surgical factors. European Journal of Surgical Oncology, 30(7), 623–
630. https://doi.org/10.1016/j.ejso.2004.03.005

14. Djohan, R.,  Gage, E.,  Gatherwright,  J.,  Schwarz,  G.,  & Bernard, S.  (2010).  Patient satisfaction
following nipple-sparing mastectomy and immediate breast reconstruction. Plastic and
Reconstructive Surgery, 125(3), 818–829. https://doi.org/10.1097/PRS.0b013e3181cb6332

15. Temple, C. L., Ross, D. C., Kim, S., & Cook, E. F. (2006). Sensibility following innervated free
TRAM flap for breast reconstruction. Plastic and Reconstructive Surgery, 117(7), 2113–2119.
https://doi.org/10.1097/01.prs.0000218479.26982.38



Junior Researchers/ . 3 N 5, 2025 207

16. Santanelli, F., Longo, B., Germano, A., & Farcomeni, A. (2016). Innervated versus non-
innervated DIEP flap for breast reconstruction: A prospective randomized control trial. Plastic
and Reconstructive Surgery, 137(3), 648e–657e.
https://doi.org/10.1097/PRS.0000000000002023

17. Beugels,  J.,  Bijkerk, E.,  Vriens,  E.,  Heuts,  E.  M.,  & van der Hulst,  R. R. W. J.  (2021).  Sensory
recovery  of  the  breast  after  DIEP flap  neurotization:  A systematic  review and meta-analysis.
Plastic and Reconstructive Surgery, 148(3), 374e–386e.
https://doi.org/10.1097/PRS.0000000000008283

18. Beugels,  J.,  Bijkerk, E.,  Vriens,  E.,  Heuts,  E.  M.,  & van der Hulst,  R. R. W. J.  (2020).  Sensory
nerve coaptation in breast reconstruction: A systematic review. Microsurgery, 40(6), 584–593.
https://doi.org/10.1002/micr.30587

19. Schaverien, M. V., Saint-Cyr, M., & Arbique, G. (2011). Autologous breast reconstruction with
the  profunda  artery  perforator  flap:  Sensory  outcomes  with  and  without  nerve  coaptation.
Plastic and Reconstructive Surgery, 127(5), 1741–1749.
https://doi.org/10.1097/PRS.0b013e31820cf17d

20. Susarla,  S.  M.,  Cordeiro,  P.  G.,  &  Chang,  D.  W.  (2014).  Nerve  coaptation  improves
postmastectomy breast reconstruction outcomes: A systematic review. Plastic and
Reconstructive Surgery, 133(1), 139–149. https://doi.org/10.1097/01.prs.0000436510.44620.e1

21. Bubberman, J.  M.,  Hofer,  S.  O. P.,  & Mureau, M. A. M. (2020).  Sensory recovery after breast
neurotization in DIEP flap breast reconstruction: A prospective randomized trial. Plastic and
Reconstructive Surgery, 145(4), 877–886. https://doi.org/10.1097/PRS.0000000000006620

22. Jensen, J. A., Lin, J. H., Kapoor, N., & Rice, D. C. (2011). HER2/neu targeted therapy to enhance
nerve regeneration in autologous breast reconstruction. Plastic and Reconstructive Surgery,
128(3), 517–525. https://doi.org/10.1097/PRS.0b013e31822214b7

23. Safa, B., Lin, S. J., Salim, F., Lin, C. H., & Lipa, J. E. (2012). Neurotization in gender-affirming
chest surgery: Techniques and outcomes. Plastic and Reconstructive Surgery, 130(5), 1031–
1040. https://doi.org/10.1097/PRS.0b013e318267d693

24. Safa, B., Lin, S. J., Salim, F., Lin, C. H., & Lipa, J. E. (2012). Sensory reinnervation of the nipple-
areola complex in gender-affirming surgery: Prospective outcomes. Journal of Plastic,
Reconstructive & Aesthetic Surgery, 65(12), 1624–1630.
https://doi.org/10.1016/j.bjps.2012.07.009


