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The changes of distance
between nipples

following correction of women
pectus excavatum
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The breasts in women pectus excavatum patients frequently appear to be slanting medially along
the inclination of the distorted ribs. This study aims to evaluate changes in the distance between

the nipples and to find out whether medially slanting breasts are corrected in women pectus
excavatum patients following modified Nuss procedure. This case series analysis enrolled 22 young
women patients with pectus excavatum between October 2011 and September 2020. We measured
all the patients’ distances from the sternal midline to the right and left nipples, based on chest
computerized tomography. We calculated the distances between nipples as being the sum of the right
and left distances. The mean age of patients was 16.50 + 4.73 years, and the follow-up periods were
35.59+20.23 months. The postoperative Haller indices (2.89 + 0.43) were significantly lower than the
preoperative Haller indices (5.14 +1.96) (p=0.000). The distances between the nipples before and
after Nuss procedure were 145.17 +17.73 mm and 172.29 +19.11 mm, which is a significant increase
following surgery. (p=0.000). Our results demonstrated that skeletal correction with modified Nuss
procedure in pectus excavatum increased the distance between nipples, indicating that medially
slanting breasts had been corrected.

Pectus excavatum is the most common congenital chest wall deformity, presenting a depression of the anterior
chest wall associated with the inward curvature of the costal cartilages attached to sternal depressed areas. The
incidence rate is reported to be around 1/400 live births"?. Because men are afflicted five times more frequently
than women, little attention has been directed to their special symptoms and the indications for surgical man-
agement in women pectus excavatum patients as compared to men. Recently, however, women patient cosmetic
concerns have increased interest in chest wall deformities®. Chest wall depression becomes more severe dur-
ing the period of rapid skeletal growth in early adolescence, causing women breast distortion*. Women pectus
excavatum breasts appears to slant towards each other along the inclination of the distorted ribs. The authors
noted that medially slanting breasts are simultaneously corrected with chest depression by pectus excavatum
repair without any surgery at the breast tissue. However, only a few studies have examined the changes in breast
distance before and after women pectus excavatum repair.

We examined whether there was a change in the distance between both breasts by comparing the distances
both nipples before and after modified Nuss procedure.

Results

The mean age of patients was 16.50 + 4.73 years, and the follow-up periods were at 35.59 +20.23 months. The
preoperative Haller indices were 5.14+ 1.96 (Table 1). All patients had needlescope-assisted three-point fixation of
the pectus bar done, which is a modification of the Nuss procedure (n=22). Quadrangular fixation of the pectus
bars placed with needlescope-assisted three-point fixation was done in15 out of 22 patients. The postoperative
Haller indices (2.89 +0.43) were significantly lower than the preoperative Haller indices (5.14 £1.96) (p=0.000).
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Average and SD
Age (years) 16.50£4.73
Follow up (months) 35.59+20.23
Haller index 5.14+1.96

Table 1. Patient characteristics.

Before Nuss procedure After Nuss procedure P valule
Haller index 5.14+1.96 2.89+0.43 0.000
Distance between nipples (mm) 145.17+17.73 172.29+19.11 0.000

Table 2. Changes of the Haller index and distance between nipples before and after modified Nuss procedure.
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Figure 1. Box plot of the distance between nipples before and after modified Nuss procedures. Horizontal
line indicates the median, box the interquartile range (IQR), whiskers extend to upper adjacent value (large
value =75th percentile + 1.5 X IQR) and lower adjacent value (smallest value =25th percentile—1.5 x IQR), and
‘%’ in box represents the mean.
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Figure 2. Nineteen year-old women pectus excavatum patient who had a modified Nuss repair. (a) The
distance between nipples was 137.01 mm before modified Nuss procedure. (b) The distance between nipples was
167.52 mm after modified Nuss procedure.

The distance between the nipples was 145.17 +17.73 mm before modified Nuss procedure and 172.29+19.11 mm
following modified Nuss procedure, which is significant increase. (p=0.000) (Table 2, Fig. 1).

Discussion

Pectus excavatum, which is the most common chest deformity, is characterized by a depression of the sternum
and adjacent costal cartilages. Pectus excavatum may go unrepaired in childhood or adolescence because physi-
cians often dismiss such patients as having an inconsequential problem instead of a cosmetic deformity®. Espe-
cially in women pectus excavatum, because of the special meaning of breasts for women as a symbol of femininity,
cosmetic deformities are more problematic than in men. Many methods have been reported to correct them, such
as augmentation with breast implants®’, customized silastic implanting?®, lipofilling’, cartilage chips grafting'’,
or local flaps'!. These methods are used to provide cosmetic improvement. However, these procedures may not
always achieve a sufficiently pleasing aesthetic result. Many women pectus excuvatum patients present with symp-
toms of cardiopulmonary dysfunction due to depressed anterior chest wall compressing the intrathoracic organs,
such as the heart and lungs, in relation to the degree of deformity'2 These symptoms also increased psychosocial
stress, which can limit social activities'®. Physiologic and cardiopulmonary symptoms have been the primary
reason for pectus excavatum surgery in the majority of women pectus excuvatum patients, and cosmesis is also
important to them'. It has been recommended to correct chest wall deformity in pectus excavatum patients
and to correct aesthetic deformity. Various techniques, such as the Ravitch procedure’®, Nuss procedure'é, and
their modifications'’, had been used to correct pectus excavatum. In this study, the authors have performed
needlescope-assisted three-point fixation'®, with or without quadrangular fixation" of the pectus bars which
was a technique invented to avoid bar displacement, a common and serious complication of the Nuss procedure.

Schwabegger et al. named the symptom that normally developed breasts in puberty® were slanting medially
along the slope of distorted ribs in women pectus excavatum patients as breast strabismus?'->. These breast
deformities like breast strabismus cause emotional distress in female pectus excuvatum patients, even though a
functional issue with breast strabismus has not been known. By remodeling the anterior thoracic wall with Nuss
procedure, the slanting breasts were relocated to their orthotopic position, resulting in a more naturally breast
projection®. The author’s experience also shows the same above-described pattern. All patients were satisfied
with the changes of their breast shape after repair.

Because the breast strabismus causes a diminished intermammary distance with strabismus of the nipple-
areola complexes, reposition of the breasts to an aesthetically acceptable position in women pectus excavatum
patients following Nuss procedure is seemed to show increasing the intermammary distance. However, there
have been no studies of properly quantified intermammary distance changes before and after pectus excavatum
repair in women pectus excavatum patients. Because the breast is a three-dimensional structure, that shape can
be expressed with a variety of indicators. Although simple numerical values are insufficient as a means of the
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Figure 3. Measuring the distance between the nipples. Each distance from the sternal midline to the right and
left nipples based on chest computerized tomography (CT) was measured and the distance between the nipples
was calculated as the sum of the right and left distances.

breast shape expression, the authors quantified the pre- and postoperative changes in the distance between nip-
ples by measuring the distance between them on the chest CT sections (Fig. 2).

This study had several limitations. First, the study compared the distance between the nipples of patients with
pectus excavatum using only CT images. Second, various parameters that affect intermammary distance were
not assessed. Further research through indicators and means that can express three-dimensional changes more
accurately will be required. Third, quantifying emotional distress for breast shapes including breast strabismus
was not assessed. Further research for quantifying emotional distress before and after repair in women pectus
excavatum will be needed.

Our results demonstrate that the skeletal correction with pectus excavatum repair with modified Nuss pro-
cedure results in an increased distance between nipples, demonstrating breast strabismus correction. This also
suggests that skeletal correction alone, without breast surgery, might be useful for aesthetic improvement of
medially slanting breast deformity in women pectus excavatum patients.

Methods

Study patients. We analysed the medical records and computed tomography (CT) findings of 22 selected
patients who had been diagnosed with pectus excavatum at Incheon St. Mary’s Hospital between October 2011
and September 2020. The patients had needlescope-assisted three-point fixation'® done both with and without
pectus bar quadrangular fixation'. This is modification of Nuss procedure. Inclusion criteria for this study were
as follows: (1) adolescent and adult women, (2) having pectus excavatum with a Haller index > 3.25, (3) who had
undergone chest CT before and after a modified Nuss procedure.

Distance between the nipples. Based on chest CT, we used the Picture Archiving Communication Sys-
tem (PetaVision, Seoul, Korea) to measure the distance between the sternal midline and the patients’ nipples
on the left and right sides. We calculated the distance between the nipples by adding the right and left distances
together (Fig. 3).

Statistical analysis. Statistical analysis was performed using SPSS ver. 18 for Windows (SPSS, Chicago, IL,
USA). All data is expressed as an average and standard deviation (SD). The paired t-test was used to compare
differences between preoperative and postoperative parameters. A P-value of <0.05 was considered to be statisti-
cally significant.

Ethics approval. This study was approved by the Institutional Review Board of Incheon St. Mary’s Hospital,
College of Medicine, the Catholic University of Korea (IRB approval number: OC21RASI0101). The study was
performed in accordance with the Declaration of Helsinki. The requirement for informed consent was waived
by the Institutional Review Board due to the retrospective study design.

Data availability
The datasets generated and analysed during the current study are available from the corresponding author on
reasonable request.

Received: 22 August 2022; Accepted: 21 November 2022
Published online: 09 January 2023

Scientific Reports |

(2022) 12:20265 | https://doi.org/10.1038/s41598-022-24768-4 nature portfolio



www.nature.com/scientificreports/

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Hodgkinson, D. J. The management of anterior chest wall deformity in patients presenting for breast augmentation. Plast. Reconstr.
Surg. 109, 1714-1723. https://doi.org/10.1097/00006534-200204150-00039 (2002).

Fox, J. P, Schnell, J. L., Adams, T. A. Jr., Hilton, W. M. & Seyfer, A. E. Pectus excavatum: Comparison of nonprosthetic repairs using
multiple techniques. Plast. Reconstr. Surg. 119, 33e-39e. https://doi.org/10.1097/01.prs.0000252400.13715.19 (2007).

. Fonkalsrud, E. W. Management of pectus chest deformities in female patients. Am. J. Surg. 187, 192-197. https://doi.org/10.1016/j.

amjsurg.2003.11.010 (2004).

. Beier, J. P. et al. Aesthetic and functional correction of female, asymmetric funnel chest: A combined approach. Breast 18, 60-65.

https://doi.org/10.1016/j.breast.2008.12.001 (2009).

. Jaroszewski, D., Notrica, D., McMahon, L., Steidley, D. & Deschamps, C. Current management of pectus excavatum: a review and

update of therapy and treatment recommendations. J. Am. Board. Fam. Med. 23, 230-239. https://doi.org/10.3122/jabfm.2010.02.
090234 (2010).

. Moscona, R. A. & Fodor, L. How to perform breast augmentation safely for a pectus excavatum patient. Aesthet. Plast. Surg. 35,

198-202. https://doi.org/10.1007/s00266-010-9583-x (2011).

. Snel, B.J., Spronk, C. A., Werker, P. M. & van der Lei, B. Pectus excavatum reconstruction with silicone implants: long-term results

and a review of the English-language literature. Ann. Plast. Surg. 62, 205-209. https://doi.org/10.1097/SAP.0b013e31817d878¢
(2009).

. Saour, S., Shaaban, H., McPhail, J. & McArthur, P. Customised silicone prostheses for the reconstruction of chest wall defects:

technique of manufacture and final outcome. J. Plast. Reconstr. Aesthet. Surg. 61, 1205-1209. https://doi.org/10.1016/j.bjps.2007.
07.019 (2008).

. Pereira, L. H. & Sterodimas, A. Free fat transplantation for the aesthetic correction of mild pectus excavatum. Aesthet. Plast. Surg.

32, 393-396. https://doi.org/10.1007/s00266-007-9110-x (2008).

Del Frari, B. & Schwabegger, A. H. Diced autologous rib cartilage for primary treatment or refinement of minor chest wall deformi-
ties. Plast. Reconstr. Surg. 128, 154-162. https://doi.org/10.1097/PRS.0b013e318217425f (2011).

Schwabegger, A. H., Piza-Katzer, H., Pauzenberger, R. & Del Frari, B. The internal mammary artery perforator (IMAP) breast-flap
harvested from an asymmetric hyperplastic breast for correction of a mild funnel chest deformity. Aesthet. Plast. Surg. 35, 928-932.
https://doi.org/10.1007/s00266-011-9697-9 (2011).

Abu-Tair, T. et al. Impact of pectus excavatum on cardiopulmonary function. Ann. Thorac. Surg. 105, 455-460. https://doi.org/10.
1016/j.athoracsur.2017.09.037 (2018).

Ji, Y. et al. Assessment of psychosocial functioning and its risk factors in children with pectus excavatum. Health Qual. Life Outcomes
9, 28. https://doi.org/10.1186/1477-7525-9-28 (2011).

Ma, L. T,, Rebecca, A. M., Notrica, D. M., McMahon, L. E. & Jaroszewski, D. E. Pectus excavatum in adult women: repair and the
impact of prior or concurrent breast augmentation. Plast. Reconstr. Surg. 135, 303e-312e. https://doi.org/10.1097/PRS.0000000000
000990 (2015).

Ravitch, M. M. The operative treatment of pectus excavatum. Ann. Surg. 129, 429-444. https://doi.org/10.1097/00000658-19490
4000-00002 (1949).

Nuss, D., Kelly, R. E. Jr.,, Croitoru, D. P. & Katz, M. E. A 10-year review of a minimally invasive technique for the correction of
pectus excavatum. J. Pediatr. Surg. 33, 545-552. https://doi.org/10.1016/s0022-3468(98)90314-1 (1998).

Huddleston, C. B. Pectus excavatum. Semin. Thorac. Cardiovasc. Surg. 16, 225-232. https://doi.org/10.1053/j.semtcvs.2004.08.003
(2004).

Yoo, G. et al. Emerging fixation technique to prevent pectus bar displacement: Needlescope-assisted 3-point fixation. Thorac.
Cardiovasc. Surg. 64, 78-82. https://doi.org/10.1055/s-0035-1556818 (2016).

Yoo, G. et al. Quadrangular fixation of pectus bars to prevent displacement in Nuss procedure. Thorac. Cardiovasc. Surg. 68, 80-84.
https://doi.org/10.1055/5-0039-1678695 (2020).

Rha, E. Y. et al. Is breast asymmetry caused by volume differences in women with pectus excavatum?. J. Plast. Reconstr. Aesthet.
Surg. 69, 470-474. https://doi.org/10.1016/j.bjps.2015.12.003 (2016).

Schwabegger, A. H. Pectus excavatum repair from a plastic surgeon’s perspective. Ann. Cardiothorac. Surg. 5, 501-512. https://doi.
0rg/10.21037/acs.2016.09.01 (2016).

Schwabegger, A. H. Deformities of the thoracic wall: don’t forget the plastic surgeon. Eur. J. Pediatr. Surg. 28, 361-368. https://doi.
0rg/10.1055/s-0038-1668129 (2018).

Schwabegger, A. H., Del Frari, B. & Pierer, G. Aesthetic improvement of the female breast in funnel chest deformity by surgical
repair of the thoracic wall: Indication or lifestyle surgery?. Plast. Reconstr. Surg. 130, 245e-253e. https://doi.org/10.1097/PRS.0b013
€3182589b5f (2012).

Author contributions

Y.G. and J.J.Y. contributed to the study conception and design. Material preparation and data collection were
performed by Jeon H.H. Data collection and analysis were performed by Rha E.Y., K.].G., B.S.0., and L.].Y. The
first draft of the manuscript was written by Y.G. and all authors commented on previous versions of the manu-
script. All authors read and approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.Y.J.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2022) 12:20265 | https://doi.org/10.1038/s41598-022-24768-4 nature portfolio


https://doi.org/10.1097/00006534-200204150-00039
https://doi.org/10.1097/01.prs.0000252400.13715.19
https://doi.org/10.1016/j.amjsurg.2003.11.010
https://doi.org/10.1016/j.amjsurg.2003.11.010
https://doi.org/10.1016/j.breast.2008.12.001
https://doi.org/10.3122/jabfm.2010.02.090234
https://doi.org/10.3122/jabfm.2010.02.090234
https://doi.org/10.1007/s00266-010-9583-x
https://doi.org/10.1097/SAP.0b013e31817d878c
https://doi.org/10.1016/j.bjps.2007.07.019
https://doi.org/10.1016/j.bjps.2007.07.019
https://doi.org/10.1007/s00266-007-9110-x
https://doi.org/10.1097/PRS.0b013e318217425f
https://doi.org/10.1007/s00266-011-9697-9
https://doi.org/10.1016/j.athoracsur.2017.09.037
https://doi.org/10.1016/j.athoracsur.2017.09.037
https://doi.org/10.1186/1477-7525-9-28
https://doi.org/10.1097/PRS.0000000000000990
https://doi.org/10.1097/PRS.0000000000000990
https://doi.org/10.1097/00000658-194904000-00002
https://doi.org/10.1097/00000658-194904000-00002
https://doi.org/10.1016/s0022-3468(98)90314-1
https://doi.org/10.1053/j.semtcvs.2004.08.003
https://doi.org/10.1055/s-0035-1556818
https://doi.org/10.1055/s-0039-1678695
https://doi.org/10.1016/j.bjps.2015.12.003
https://doi.org/10.21037/acs.2016.09.01
https://doi.org/10.21037/acs.2016.09.01
https://doi.org/10.1055/s-0038-1668129
https://doi.org/10.1055/s-0038-1668129
https://doi.org/10.1097/PRS.0b013e3182589b5f
https://doi.org/10.1097/PRS.0b013e3182589b5f
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |  (2022) 12:20265 | https://doi.org/10.1038/s41598-022-24768-4 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	The changes of distance between nipples following correction of women pectus excavatum
	Results
	Discussion
	Methods
	Study patients. 
	Distance between the nipples. 
	Statistical analysis. 
	Ethics approval. 

	References


