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ABSTRACT
Objective: An objective method to predict aesthetic outcomes after breast-conserving surgery (BCS) has not been established. The ratio of the 
resected specimen volume to breast volume (S/B ratio) may be a reasonable option for this purpose.

Materials and Methods: We recruited 32 breast cancer patients who underwent BCS. Preoperative breast volumes were measured using three-
dimensional surface imaging (3DSI) and computed tomography (CT). The volume of the surgical specimens was estimated by the length, width, 
and height of the specimen. The S/B ratio was calculated from these values. The association between the S/B ratio and aesthetic outcome 
evaluated by an expert panel or by patient-reported outcomes was analyzed 1 year after BCS.

Results: There was a statistically significant association between the S/B ratio and aesthetic outcome evaluated by the expert panel when we 
used 3DSI to measure the preoperative breast volume (p = 0.01). An S/B ratio of <12.3% may represent a preliminary cut-off for predicting an 
excellent aesthetic outcome. This association was not observed when CT was used to measure breast volume (p = 0.09). Furthermore, there was 
no significant association between the S/B ratio and patient-reported outcome.

Conclusion: When 3DSI is used for breast volume measurement, the S/B ratio is associated with the aesthetic outcome after BCS. This advantage 
of 3DSI may be due to the upright position of the patients during the breast volume measurement.
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KEY POINTS
•	 The ratio of the resected specimen volume to breast volume (S/B) may help predict the aesthetic outcome after breast-conserving surgery.

•	 Breast volume measurement using three-dimensional surface imaging is useful for evaluating the aesthetic outcome.

•	 An S/B ratio of <12.3% may represent a preliminary cut-off for predicting an excellent aesthetic outcome.
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Introduction

Breast-conserving surgery (BCS) is a major procedure for the 
treatment of breast cancer. Approximately half of breast cancer 
patients undergo BCS in Japan (1). The aim of BCS is to prevent 
patients from suffering a sense of breast loss and to improve 
quality of life. Therefore, maintaining the shape of the breast is 
essential. If the breast is affected extensively by the disease and a 
good cosmetic outcome is not expected, mastectomy and breast 
reconstruction should be considered. For adequately judging 
whether BCS should be performed or not, reliable objective 
indicators are needed.

The ratio of the resected breast volume to whole breast volume 
may be a reasonable predictor of the aesthetic outcome after 
BCS. Many studies have investigated the impact of the ratio of 
the breast tumor volume to whole breast volume on aesthetic 
outcomes (2-5), and some of those studies have shown promising 
outcomes (6-8). Further studies are necessary in this area.

Recently, personal computers have improved in performance 
and become more affordable. These advances allow us to use 
a three-dimensional (3D) camera and process the resulting 
3D images easily. Others attempted to use 3D cameras to 
evaluate the shape of the treated breast (9), but the results were 
unsatisfactory because the postoperative breast was evaluated 
at an unspecified time after the BCS (10).

In this study, we aimed to reveal the reliability of the ratio of 
the resected specimen volume to breast volume (S/B ratio) as 
an indicator of the aesthetic outcome after BCS. To achieve this, 
we prospectively recruited patients who underwent BCS and 
evaluated the association between the aesthetic outcome and 
the S/B ratio determined using 3D surface imaging (3DSI) or 
computed tomography (CT) to measure breast volume.

Materials and Methods

Ethical Statement

This study was approved by the Nihon University Itabashi 
Hospital Ethical Review Board (approval no: RK-220208-4, date: 
10 February 2025) and was performed in accordance with the 
principles of the Declaration of Helsinki. We obtained written 
informed consent from all participants. 

Study Participants

We recruited female breast cancer patients to investigate the 
usefulness of 3DSI for BCS. 3D imaging data were obtained 
before the operation. In addition, we obtained the demographic 
characteristics of the patients, clinical and pathological features 
of the breast cancer, and CT images. 

3DSI Measurement of Breast Volume

We used the K3 3D camera system (Kiisya Corporation, Tokyo, 
Japan) to measure breast volume according to the manufacturer’s 
manual (11). Briefly, 3D images were taken with the patient in 
the sitting position. The region of interest was outlined on the 
acquired image and retrieved using the equipped software. 
Using this software, the retrieved region was sectioned at a 1 cm 
interval, the size of the area from each section was obtained, 
and these values were summed to calculate the volume. 
Measurements were performed by two authors (HG and SF) 
independently, and the mean value was adopted. Approximately 
10 minutes were required to obtain 3D images, including patient 
preparation and data saving, and an additional 10 minutes were 
needed to calculate breast volume. No additional costs were 
incurred for image acquisition.

CT Measurement of Breast Volume

CT scanning was performed preoperatively from the external 
acoustic meatus to the inferior margin of the ischial tuberosities 
for staging in each patient. The patients were placed in the 
supine position. In general, contrast medium was not used. 
Osirix® (Pixemo SARL, Swiss) software was used to calculate the 
breast volume measured by CT according to the manual. Briefly, 
the CT data were imported into this software, the margins of 
the sectioned breast image were traced in each slice, and the 
breast volume was calculated by summing the values of the 
traced area and multiplying by a section interval of 5 mm. The 
breast margins were defined as the breast skin surface and the 
outer lines of the muscle and bones of the thorax. Similar to 
the 3DSI measurement, the same two authors performed these 
measurements independently, and the mean value was adopted.

The Volume of the Resected Specimen

The surgically resected specimen was regarded as a column with 
an ellipse-shaped bottom. The long and short diameters of the 
bottom end and the height of the specimen were measured. 
The volume of the resected specimen was calculated using the 
following formula:

Specimen volume = (long diameter)/2 × (short diameter)/2 × π 
× height

Panel Assessment of Aesthetic Outcome

One year after BCS, the cosmetic outcome of the surgery was 
evaluated by a panel of 12 members comprising experienced 
8 nurses and 4 surgical oncologists who had over 10 years of 
clinical experience. One of these panelists assessed the aesthetic 
outcome in person for each participant. None of the members 
were involved in the surgical treatments, and all were blinded to 
the treatment histories of the patients. The aesthetic outcome 
was evaluated as shown in Table 1 (12).
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Patient-Reported Outcomes

At the same time as the panel assessment of the aesthetic 
outcome, the patients completed the “satisfaction with breasts” 
module of the BREAST-Q, which is one of the most commonly 
used instruments for measuring patient-reported outcomes in 
breast cancer treatment (13). This module included 11 items. The 
summed scores for each item were converted to an equivalent 
transformed score according to the conversion table provided 
by BREAST-Q, and this score ranged from 0 to 100. Higher scores 
indicated better patient satisfaction with the surgical outcome. 
Furthermore, the patients completed the “adverse effects of 
radiation” module of the BREAST-Q, which consists of six items. In 
this module, each item was analyzed as a stand-alone measure, 
with the patient’s response used directly as the item score. No 
composite or transformed scores were calculated.

Statistical Analysis

The relationship between 3DSI and CT breast volume 
measurements was investigated using Pearson’s correlation 
coefficients. Linear regression analysis was used to generate 
regression lines. The association between the S/B ratio and 
panel assessment or patient-reported outcomes was analyzed 
using ordinal logistic regression analysis. Receiver operating 
characteristic (ROC) analysis was used to evaluate the ability of 
the S/B ratio to predict the aesthetic outcome. The statistical 
package R v4.0.3 (R Foundation for Statistical Computing, 
Vienna, Austria; ISBN 3-900051-07-0; http://www.R-project.org) 
was used for the statistical analyses. p<0.05 was considered 
significant.

Results

From May 2022 to July 2024, we recruited 39 breast cancer 
patients who underwent BCS. Of these, 7 patients were 
excluded from the analysis for various reasons (Figure 1). 
Although one patient lacked breast volume measurements 
by CT because of breast compression with an elastic bandage 
to achieve hemostasis, this patient was included in the study. 
Therefore, 32 patients were included in the analysis. However, 
CT-based breast volume measurements were available for 
only 31 patients.

The clinical and pathological characteristics of the patients 
are summarized in Table 2. The mean age of the patients was 
59 years, the mean tumor size was 24.7 (range 10–75) mm, 
and the stage was 0 or I in 84.4% of the cases. Eleven cases 
(34.3%) had ductal carcinoma in situ-predominant lesions, 
defined as lesions in which the intraductal carcinoma 
component was larger than the invasive component. 
There were no cases with multifocal lesions. Five patients 
(15.6%) received adjuvant chemotherapy, and 24 patients 
(75.0%) received endocrine therapy. All patients underwent 

radiation therapy. Of these, four patients (12.5%) received 
boost radiation therapy, and two patients (6.3%) received 
supraclavicular radiation therapy. 

The distributions of the 3DSI- and CT-measured breast 
volumes of the study patients are shown in Figure 2. The 
median (mean, range) breast volumes measured by 3DSI and 
CT were 428.9 (473.8, 160.0–1012.0) mL and 360.1 (396.9, 
92.9–983.3) mL, respectively. The association between the 
3DSI- and CT-measured breast volumes is summarized in 
Figure 3, and the Pearson’s correlation coefficient was 0.68. 
The distribution of the surgically resected specimen volume 
is demonstrated in Figure 4; the median (range) volume was 
45.5 (12.4–254.3) mL.

The relationship between the aesthetic outcome assessed by the 
expert panel and the S/B ratio measured by 3DSI or CT is shown 
in Figure 5. The low S/B ratio measured by 3DSI was significantly 
associated with a better aesthetic outcome [odds ratio per 1% 
increase in the S/B ratio, 1.14; 95% confidence interval (CI), 
1.04–1.26; p = 0.01]. The proportional-odds assumption was 
evaluated using the nominal test and was not violated (p = 
0.653). This tendency remained significant even after removal 
of the one patient who lacked CT-measured breast volume data 

Table 1. Aesthetic outcome of the treated breast

Excellent Treated breast was nearly identical to untreated 
breast.

Good Treated breast was slightly different from untreated 
breast.

Fair Treated breast was clearly different from untreated 
breast but not severely distorted.

Poor Treated breast was severely distorted.

Figure 1. CONSORT-style flow diagram of patient selection, 
exclusions, and inclusion in the final analysis

3DSI: Three-dimensional surface imaging
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due to elastic bandage compression. On the other hand, the 
low S/B ratio measured by CT showed the same trend, but the 
association with aesthetic outcome failed to reach statistical 
significance (p = 0.09).

Figure 6 shows the ROC curve assessing the ability of the S/B ratio 
measured by 3DSI to predict the aesthetic outcome determined 
by the panel assessment. Because ROC analysis requires a 
binary outcome, the four-category aesthetic assessment was 
dichotomized into an excellent outcome (8 cases) versus a good, 
fair or poor outcome (24 cases). The optimal cut-off S/B ratio 
distinguishing between the excellent aesthetic outcome and 
non-excellent outcome was determined by the Youden index to 
be 12.3%, with a sensitivity of 62.5%, a specificity of 100% and an 
area under the curve of 0.78 (95% CI, 0.62–0.94).

The patients were administered the “satisfaction with breast” 
module in BREAST-Q. However, we did not detect any significant 
association between the patients’ answers and the S/B ratio 
measured by 3DSI (Figure 7). According to the “adverse effects of 
radiation” module of the BREAST-Q, 22 patients (68.7%) reported 
being a little bothered by at least one item, and 1 patient (3.1%) 
reported being a lot bothered by at least one item. Overall, 23 
patients (71.8%) reported any bother from radiation.

Figure 2. Distribution of the breast volumes measured by 
3DSI versus CT. The median (range) volumes were 428.9 
(160.0–1012.0) and 360.1 (92.9–983.3) mL when measured 
using 3DSI and CT, respectively. The horizontal lines within 
the boxes represent the median. The upper and lower 
sides of the boxes represent the 75th and 25th percentiles, 
respectively. The upper and lower whiskers extend to the 
largest value within 1.5×IQR above the 75th percentile and 
the smallest value within 1.5×IQR below the 25th percentile, 
respectively

3DSI: Three-dimensional surface imaging; CT: Computed 
tomography; IQR: Interquartile range

Table 2. Clinical characteristics of the study patients

No. of patients 32

Mean age (range), years 59 (35–79)

Mean height (range), cm 160.0 (144.1–172.6)

Mean weight, kg 56.5 (37.2–82.9)

Mean body mass index (range) 22.0 (15.7–31.4)

Laterality
Right 14 43.8%

Left 18 56.3%

Stage

0 4 12.5%

I 23 71.9%

II 5 15.6%

Mean tumor size (range), mm§1 24.7 (10–75)

Histology

Invasive ductal carcinoma 25 78.1%

Mucinous carcinoma 3 9.4%

DCIS 4 12.5%

DCIS-predominant lesion§2 11 34.3%

Chemotherapy 5 15.6%

Endocrine therapy 24 75%

Boost radiation therapy 4 12.5%

Supraclavicular radiation therapy 2 6.3%
§1: The size was measured microscopically. These tumors included both invasive and in situ lesions; §2: A DCIS-predominant lesion was defined as a lesion in which the 
intraductal carcinoma component was larger than the invasive component. There were no cases with multifocal lesions; DCIS: Ductal carcinoma in situ
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Discussion and Conclusion

We found that the S/B ratio is a reliable indicator of the cosmetic 
outcome after BCS based on the close association between 
the S/B ratio and aesthetic outcome as determined by a panel 
assessment. Furthermore, 3DSI-measured breast volume is more 
useful than CT-measured breast volume in this setting.

It is reasonable to expect the S/B ratio to be predictive of 
aesthetic outcomes after BCS. Several prior studies used the 
tumor volume rather than the resected specimen volume to 
evaluate aesthetic outcomes (2, 3, 6). Although tumor volume 
is easy to estimate preoperatively, there is a distinct difference 
between the tumor volume and resected specimen volume, and 
this discrepancy is likely to differ significantly among surgeons. 
Another issue is how to handle the case of multiple lesions or 
microcalcification. We believe that use of the S/B ratio should 
be evaluated extensively before using the tumor volume. On 
the other hand, the S/B ratio has an important limitation, as it 
cannot be accurately determined preoperatively. Future studies 
should investigate the association between the extent of disease 
and resected specimen volume. 

Our study suggests that the ideal S/B ratio associated with an 
excellent aesthetic outcome after BCS is less than 12.3%. This 
estimate should be interpreted with caution because we have 
not yet performed a validation study. To our knowledge, two 
other studies reported similar thresholds, 10% and 14.6%, for 
evaluating the aesthetic outcome after BCS, as shown in Table 3 
(6, 14). However, their approaches to measuring the breast and 

Figure 4. Distribution of the volumes of the resected 
specimen. The median (range) volume was 45.5 (12.4–
254.3) mL. The boxplot parameters are the same as those 
in Figure 2

Figure 5. The association between the S/B ratio measured by 3DSI or CT and aesthetic outcome determined by the panel 
assessment. This association was statistically significant when breast volume was measured by 3DSI (a, p = 0.01) but not when 
measured by CT (b, p = 0.09). The plus signs indicate the mean of each category. “n” indicates the number of cases in each 
category

S/B: Specimen volume to breast volume; 3DSI: Three-dimensional surface imaging; CT: Computed tomography

Figure 3. The relationship between the breast volume 
measured by 3DSI and that measured by CT. The correlation 
between the two breast volumes was moderate (R = 0.68) 

3DSI: Three-dimensional surface imaging; CT: Computed 
tomography
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specimen volumes and evaluating cosmetic outcomes differed 
from ours. More studies are necessary in this area.

Similar to several other studies (9, 15-18), we showed that the 
3DSI-measured breast volume is useful for predicting aesthetic 
outcomes after breast surgery. Kim et al. (16) reported that 
3DSI-measured breast volume is more useful than mastectomy 
specimen weight for predicting the ideal implant size for breast 
reconstruction. We used 3DSI, CT, magnetic resonance imaging, 
mammography, and resected mastectomy specimen to measure 
breast volume and found that the measured volumes were similar 
among the different modalities (11). However, breast volume 
measured by 3DSI is distinctly different from that measured by 
the other modalities because the patient is positioned exclusively 
upright during 3DSI measurement. Coltman et al. (19) reported 
differences in breast volume between the prone and standing 
positions ranging from approximately 8% to 22%. Because 
cosmetic assessment is performed for patients in the upright 
position, 3DSI-measured breast volume should be used to assess 
aesthetic outcomes after breast surgery. To our knowledge, our 
study is the first to show the usefulness of 3DSI for predicting 
aesthetic outcomes after BCS.

In contrast to the assessment of aesthetic outcomes by the 
nurse/surgeon panel, our study failed to show an association 
between the S/B ratio and patient-reported outcomes. Whereas 
Vos et al. (7) successfully demonstrated a positive association 
between a small tumor size and patient-reported aesthetic 
outcomes, other reports failed to reveal such an association 
(4, 5). Johansen et al. (20) reported a significant but relatively 
weak level of concordance between patients’ and clinicians’ 
evaluations of the cosmetic results. We believe that patients’ 
evaluations of aesthetic outcomes are complicated by many 
factors including adjuvant chemotherapy, endocrine therapy, 
and radiation therapy. In particular, radiation therapy is a well-
known confounder or effect modifier of aesthetic outcomes, and 
71.8% of our patients were affected. This treatment possibly plays 
a more significant role in patient satisfaction than panel-based 
assessments. Importantly, the S/B ratio alone cannot determine 
aesthetic outcomes after BCS, and should not be regarded as a 
standalone tool for clinical decision-making. 

Figure 6. Receiver operating characteristic curve assessing 
the ability of the S/B ratio to predict an excellent cosmetic 
outcome based on the panel assessment. The black dot 
represents the Youden index

S/B: Specimen volume to breast volume; ROC: Receiver operating 
characteristic

Figure 7. The association between the S/B ratio measured 
by 3DSI and the score for the “satisfaction with breast” 
module in BREAST-Q. The association was not significant 
(r = 0.007)

S/B: Specimen volume to breast volume; 3DSI: Three-dimensional 
surface imaging

Table 3. Comparison of S/B ratio among relevant studies

Study group Sample size Measurement of specimen volume Measurement of breast 
volume S/B ratio

Cochrane et al. (6) 151 Estimated from tumor size Mammography 10%

Hashem et al. (14) 36 Actual specimen size Mammography 14.6%

Present study 32 Actual specimen size 3DSI 12.3%

3DSI: Three-dimensional surface imaging; S/B: Specimen volume to breast volume
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Our study has some limitations. The number of patients was 
small. The patient-reported outcomes did not support the 
outcomes of the panel assessment. Because each participant 
was evaluated by a single panelist, inter-rater reliability could 
not be assessed. Future studies should include independent 
assessments by multiple panelists for each participant to evaluate 
the reproducibility of the aesthetic assessment. Aesthetic 
outcomes after BCS are influenced by several factors, including 
tumor location, absolute breast size, body mass index, and boost 
radiation. Because of the limited sample size, we were unable 
to adjust for these potential confounding factors in the present 
analysis. We did not evaluate aesthetic outcomes beyond 1 year 
after surgery. The breast size of our cohort was relatively small, 
with a median volume of 428.9 mL. Although this study was 
performed prospectively, some data were missing. The volume 
of the resected specimen was estimated based on the resected 
specimen’s length, width, and height, instead of actual volume 
measurements. Because multiple statistical associations were 
examined without adjustment for multiple comparisons, our 
findings should be interpreted with caution, and confirmation in 
a larger independent cohort is warranted. However, we believe 
that our conclusions were not impaired significantly even after 
consideration of all these limitations.

In conclusion, the S/B ratio is a useful indicator of cosmetic 
outcomes after BCS. Furthermore, 3DSI-measured breast 
volume is more useful than CT-measured breast volume for 
this evaluation. More studies are needed to achieve the same 
conclusions with patient-reported outcomes and to investigate 
the utility of the relationship between the extent of disease and 
the resected sample volume for predicting cosmetic outcomes 
preoperatively in BCS patients.

Ethics

Ethics Committee Approval: This study was approved by the 
Nihon University Itabashi Hospital Ethical Review Board (approval 
no: RK-220208-4, date: 10 February 2025) and was performed in 
accordance with the principles of the Declaration of Helsinki. 

Informed Consent: We obtained written informed consent from 
all participants.

Footnotes

Authorship Contributions

Surgical and Medical Practices: S.F., H.G., Y.H., K.T.; Concept: Y.H., 
K.T.; Design: K.T.; Data Collection and/or Processing: S.F., H.G.; 
Analysis and/or Interpretation: S.F., K.T.; Literature Search: Y.H., 
K.T.; Writing: K.T.

Conflict of Interest: The authors have no conflicts of interest to 
declare.

Financial Disclosure: The authors declared that this study has 
received no financial support.

References
1.	 Tada K, Kumamaru H, Miyata H, Asaga S, Iijima K, Ogo E, et al. Characteristics 

of female breast cancer in Japan: annual report of the National Clinical 
Database in 2018. Breast Cancer. 2023; 30: 157-166. (PMID: 36547868) 
[Crossref]

2.	 Faermann R, Sperber F, Schneebaum S, Barsuk D. Tumor-to-breast volume 
ratio as measured on MRI: a possible predictor of breast-conserving surgery 
versus mastectomy. Isr Med Assoc J. 2014; 16: 101-105. (PMID: 24645229) 
[Crossref]

3.	 Lagendijk M, Vos EL, Koning AHJ, Hunink MGM, Pignol JP, Corten EML, et 
al. TUmor-volume to breast-volume RAtio for improving COSmetic results 
in breast cancer patients (TURACOS); a randomized controlled trial. BMC 
Cancer. 2017; 17: 336. (PMID: 28514945) [Crossref]

4.	 Lagendijk M, Vos EL, Ramlakhan KP, Verhoef C, Koning AHJ, van Lankeren 
W, et al. Breast and tumour volume measurements in breast cancer patients 
using 3-D automated breast volume scanner images. World J Surg. 2018; 42: 
2087-2093. (PMID: 29299647) [Crossref]

5.	 Li J, Zhong G, Wang K, Kang W, Wei W. Tumor-to-gland volume ratio versus 
tumor-to-breast ratio as measured on CBBCT: possible predictors of 
breast-conserving surgery. Cancer Manag Res. 2021; 13: 4463-4471. (PMID: 
34113172) [Crossref]

6.	 Cochrane RA, Valasiadou P, Wilson AR, Al-Ghazal SK, Macmillan RD. 
Cosmesis and satisfaction after breast-conserving surgery correlates with the 
percentage of breast volume excised. Br J Surg. 2003; 90: 1505-1509. (PMID: 
14648728) [Crossref]

7.	 Vos EL, Koning AH, Obdeijn IM, van Verschuer VM, Verhoef C, van der Spek 
PJ, et al. Preoperative prediction of cosmetic results in breast conserving 
surgery. J Surg Oncol. 2015; 111: 178-184. (PMID: 25332158) [Crossref]

8.	 Dahlbäck C, Manjer J, Rehn M, Ringberg A. Determinants for patient 
satisfaction regarding aesthetic outcome and skin sensitivity after breast-
conserving surgery. World J Surg Oncol. 2016; 14: 303. (PMID: 27923403) 
[Crossref]

9.	 O’Connell RL, Khabra K, Bamber JC, deSouza N, Meybodi F, Barry PA, et al. 
Validation of the Vectra XT three-dimensional imaging system for measuring 
breast volume and symmetry following oncological reconstruction. Breast 
Cancer Res Treat. 2018; 171: 391-398. (PMID: 29872939) [Crossref]

10.	 Godden AR, O’Connell RL, Barry PA, Krupa KCD, Wolf LM, Mohammed K, et 
al. 3-dimensional objective aesthetic evaluation to replace panel assessment 
after breast-conserving treatment. Breast Cancer. 2020; 27: 1126-1136. 
(PMID: 32562188) [Crossref]

11.	 Goto H, Fukumoto S, Hara Y, Tada K. Use of three-dimensional surface 
imaging to measure breast volume in the upright position with acceptable 
accuracy. Eur J Breast Health. 2025; 21: 230-236. (PMID: 40358141) [Crossref]

12.	 Harris JR, Levene MB, Svensson G, Hellman S. Analysis of cosmetic results 
following primary radiation therapy for stages I and II carcinoma of the 
breast. Int J Radiat Oncol Biol Phys. 1979; 5: 257-261. (PMID: 110740) 
[Crossref]

13.	 Klassen AF, Dominici L, Fuzesi S, Cano SJ, Atisha D, Locklear T, et al. 
Development and validation of the BREAST-Q breast-conserving therapy 
module. Ann Surg Oncol. 2020; 27: 2238-2247. (PMID: 31965369) [Crossref]

14.	 Hashem T, Morsi A, Farahat A, Zaghloul T, Hamed A. Correlation of specimen/
breast volume ratio to cosmetic outcome after breast conserving surgery. 
Indian J Surg Oncol. 2019; 10: 668-672. (PMID: 31857762) [Crossref]

15.	 Gouveia PF, Oliveira HP, Monteiro JP, Teixeira JF, Silva NL, Pinto D, et al. 3D 
breast volume estimation. Eur Surg Res. 2022; 63: 3-8. (PMID: 34038908) 
[Crossref]

https://www.doi.org/10.1007/s12282-022-01423-4
https://pubmed.ncbi.nlm.nih.gov/24645229/
https://www.doi.org/10.1186/s12885-017-3280-y
https://www.doi.org/10.1007/s00268-017-4432-6
https://www.doi.org/10.2147/CMAR.S312288
https://www.doi.org/10.1002/bjs.4344
https://www.doi.org/10.1002/jso.23782
https://www.doi.org/10.1186/s12957-016-1053-8
https://www.doi.org/10.1007/s10549-018-4843-6
https://www.doi.org/10.1007/s12282-020-01117-9
https://www.doi.org/10.4274/ejbh.galenos.2025.2025-2-3
https://www.doi.org/10.1016/0360-3016(79)90729-6
https://www.doi.org/10.1245/s10434-019-08195-w
https://www.doi.org/10.1007/s13193-019-00973-y
https://www.doi.org/10.1159/000516357


Fukumoto et al. 
Three-Dimensional Surface Imaging

Eur J Breast Health
2026;22(4):447-454

454

16.	 Kim JH, Park JW, Woo KJ. Prediction of the ideal implant size using 
3-dimensional healthy breast volume in unilateral direct-to-implant 
breast reconstruction. Medicina (Kaunas). 2020; 56: 498. (PMID: 32987779) 
[Crossref]

17.	 Kwong JW, Tijerina JD, Choi S, Luan A, Feng CL, Nguyen DH, et al. Assessing 
the accuracy of a 3-dimensional surface imaging system in breast volume 
estimation. Ann Plast Surg. 2020; 84(5S Suppl 4): S311-S317. (PMID: 
32032116) [Crossref]

18.	 Utsunomiya H, Kusano T, Sato N, Yoshimoto S. Estimating implant volume 
and mastectomy-specimen volume by measuring breast volume with a 
3-dimensional scanner. Ann Plast Surg. 2017; 79: 79-81. (PMID: 28328637) 
[Crossref]

19.	 Coltman CE, McGhee DE, Steele JR. How much error is associated with 
calculating breast volume from three-dimensional breast scans obtained 
when women are standing? Implications for bra design and bra fit. 
Ergonomics. 2023; 66: 330-337. (PMID: 35603985) [Crossref]

20.	 Johansen J, Overgaard J, Rose C, Engelholm SA, Gadeberg CC, Kjaer M, et al.; 
Danish Breast Cancer Cooperative Group (DBCG) and the DBCG Radiotherapy 
Committee. Cosmetic outcome and breast morbidity in breast-conserving 
treatment--results from the Danish DBCG-82TM national randomized trial 
in breast cancer. Acta Oncol. 2002; 41: 369-380. (PMID: 12234030) [Crossref]

https://www.doi.org/10.3390/medicina56100498
https://www.doi.org/10.1097/SAP.0000000000002244
https://www.doi.org/10.1097/SAP.0000000000001057
https://www.doi.org/10.1080/00140139.2022.2081365
https://www.doi.org/10.1080/028418602760169433

