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Introduction 

The use of three-dimensional surface 

imaging (3D-SI) was first described by Burke 

and Beard in 19671,2 to analyse facial 

structures. Modern-day 3D-SI is used as a 

marketing tool in aesthetic breast surgery. A 

2016 survey of 1067 American plastic 

surgeons revealed that 15% were using 3D-

SI technology in their practice3. Potential 

clients can view three-dimensional (3D) 

images of themselves and the surgeon can 

manipulate the images to demonstrate the 

expected appearances after breast 

augmentation or reduction, thereby 

enhancing communication and managing 

patient expectations4. Clinicians may also use 

3D-SI to measure breast volume and 

anthropometric distances to improve pre-

operative planning. In clinical research, 

changes in shape and position of the breast 

can be monitored post-operatively to assess 

stability over time after surgery or 

radiotherapy 4. Recent versions of the 
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compare measurements using a portable 3D-SI system, Crisalix, with a more established 

non-mobile camera, the VECTRA XT.  

Methods 

Participants were imaged three times using the Crisalix and the VECTRA XT system. Breast 

volume, sternal notch to nipple distance, nipple to nipple distance and breast width were 

measured.  Intra-observer agreement was measured using the co-efficient of variation (CV). 

Agreement between the two methods was represented with Bland Altman agreement plots. 

Results 

Intra-method variation was low for both methods (maximum CV 3.3% for Crisalix and 3.2% 

for VECTRA XT), with only nipple-to-nipple distance being statistically significant, 

marginally in favour of VECTRA. The mean inter-method differences were small but the 

limits of agreement (LoA) were wide for all parameters: best for sternal notch to nipple 

distance, mean difference (MD) -0.03cm and LoA 1.8 to -1.8cm; the widest LoA were for 

breast volume: MD 31.1cm3 and LoA 286.7 to -244.6cm3. 

Conclusion 

This is the first comparison of anthropometric distances and breast volume measured using 

the two most widely used 3D-SI systems, Crisalix and VECTRA XT.  Intra-method variation 

is low but currently it would not be appropriate to use the two systems interchangeably due 

to the wide limits of agreement for all four parameters assessed. 
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imaging systems have been developed which 

are smaller, more portable and cost effective 
5-11 but have yet to be validated. There is 

some uptake of these systems among 

aesthetic plastic surgeons in the UK, but little 

amongst UK breast cancer surgeons. 

Much of the work published to date has 

involved VECTRA XT (Canfield Sci, New 

Jersey, USA), a non-mobile system of six 

cameras which integrates the images into a 

3D picture (figure 1). This can be measured 
12-14 and adjusted to simulate future 

appearance 15 using the associated Mirror 

software (Canfield Sci, New Jersey, USA) 

and has been validated in breast cancer 

patients 16. 

 

 
Figure 1. Image of person having breast imaging using the VECTRA XT (image reproduced 

with permission of Canfield Sci). 

 

Crisalix (http://www.crisalix.com, 

Switzerland) is the first cloud-based 3D 

breast imaging system 17 (figure 2). It was 

designed as a patient education and 

marketing tool whereby the image of the 

patient’s torso can be manipulated to 

simulate a breast augmentation or reduction.  

Patients are imaged using a Structure Sensor 

(Occipital Inc, Boulder, CO, USA) mounted 

onto an iPad (Apple Inc., Cupertino, CA, 

USA). The Structure Sensor casts thousands 

of invisible infrared dots onto the object the 

user focuses on (in this case the patient’s 

torso). The sensor records the distance 

between each dot to construct a 3D geometric 

pattern as the user moves the iPad around the 

torso. Now, patients or their surgeons can 

upload three 2D photographs and the image 

is configured by the Crisalix web portal to 

create a 3D image, however, the infrared 

method is still recommended by Crisalix for 

greater accuracy.  

http://www.crisalix.com/
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Figure 2. Image of clinican taking 3D image using ipad and Structure Sensor which produces an 

image by the Crisalix web portal (image reproduced with permission of Crisalix). 

 

Validation studies are necessary in order for 

3D-SI measurements to become 

commonplace in everyday clinical practice13. 

To date, however, there are no studies 

comparing the validity, accuracy and 

reproducibility of the Crisalix imaging 

system with other more established 3D-SI 

systems18. In an adapted Delphi consensus 

study by Probst et al in 2005 seven desirable 

characteristics for 3D-SI imaging were 

identified. These included: i) to calculate 

breast volume accurately within 5%, ii) to 

detect a volume difference of 25cc or more, 

iii) measure distances with an accuracy of 

5mm, iv) capable of capturing marks placed 

on significant breast points, v) cost less than 

£ 10 000, vi) fit in a footprint of <4m2 and vii) 

produce 3D images that are easily 

manipulated with minimal user experience.19 

Both VECTRA and Crisalix meet several of 

these criteria and although both have been 

compared with mastectomy / MRI volumes 
14, 20, 21, it is not known whether they can be 

used interchangeably because they have 

never been compared with each other. The 

aim of this study was therefore to compare 

the reproducibility and agreement between 

breast volume estimates and anthropometric 

measurements taken by the VECTRA XT 

and Crisalix 3D-SI systems. 

 

Methods 

Patient recruitment 

Research Ethical Committee (REC) approval 

was obtained (ClinicalTrials.gov Identifier: 

NCT02304614) and an amendment was 

approved to permit comparison between 

VECTRA XT and Crisalix in a subset of 

women. The eligibility criteria for the main 

study were women aged ≥18 years who had 

undergone oncological breast-conserving 

treatment (BCT) for an invasive or in-situ 

carcinoma in our unit between one and six 

years before the start of the study. Patients 

with disease recurrence following BCT, as 

well as those with previous or subsequent 

surgery to the index or contralateral breast 



Jennifer E Rusby, et al.        Medical Research Archives vol 9 issue 4. April 2021       Page 5 of 17 

Copyright 2021 KEI Journals. All Rights Reserved                http://journals.ke-i.org/index.php/mra 

were excluded. Patients who were unable to 

stand for five minutes and follow instructions 

due to learning or physical disabilities or due 

to a language barrier were also excluded.  

Informed consent was obtained from all 

participants. 

  

Patient measurements using VECTRA XT 

imaging system 

The VECTRA XT system was calibrated 

daily according to the manufacturer’s 

instructions. Participants were imaged with 

their hands on their hips at the end of normal 

inspiration and the image was captured when 

the participant was deemed to be aligned by 

the software, approximately 1.5m from the 

cameras. The participant’s face was excluded 

from all images, so that only the torso was 

visible. Each participant was imaged three 

times with a break of one minute between 

each image. Markers were placed on each 

image at the sternal notch, nipple, lateral and 

medial limits of the breasts by the user. 

Thereafter, the calculation of anthropometric 

distances was automated (figure 3).   A 

protocol was developed using the VAM 

software (Canfield Sci, New Jersey, USA) to 

measure breast volume and has been 

described elsewhere 16. The parameters (SN-

N, N-N, breast width and breast volume) 

were calculated once per image.  

 

 
Figure 3. Image of participant’s torso with anthropometric measurements using VECTRA XT 

(Reproduced with permission from the participant) 

Patient measurements using the Crisalix 

imaging system 

The same participants were imaged using the 

Crisalix 3D-SI system on the same day and 

all by the same investigator (ROC). They 

stood in the middle of the medical 

photography room with their hand on hips. 

The 3D Structure Sensor was held 1m away 

from the participant and moved slowly up, 

down and side to side to fully capture the 

participant’s torso, in accordance with the 

manufacturer’s instructions. The software 
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formed a 3D image and placed markers on the 

sternal notch, nipples and estimated a breast 

width and lasso around the base for volume 

analysis. Sternal notch and nipple markers 

cannot be moved by the user, but the width 

and lasso can be adjusted. Anthropometric 

and volume parameters were calculated 

(figure 4). Three images were captured and 

measured for each participant. 

 

 

Figure 4. Image of the same participant as in figure 3 with anthropometric measurements using 

Crisalix. (Reproduced with permission from the participant) 

Statistical analysis 

Data were entered into an Excel spreadsheet 

(Microsoft Corp., Redmond, Washington) 

and subsequently analysed using SPSS 

statistical software (SPSS v22; SPSS, Inc., 

Chicago). 

Intra-method and inter-method 

variability for in vivo 3D measurements 

To assess intra-method variation, the mean of 

the standard deviations (SDs) for the 3 

repeated measurements of each factor being 

assessed (SN-N, N-N, breast width and 

volume) were calculated. The mean 

coefficient of variation (CV = (SD / mean) 

%) was calculated for all of the parameters as 

an indication of the variation in each of the 

repeated measurements. Paired t-tests were 

used to compare the mean of the CVs with 

5% significance levels.  

Paired t-tests were also used to compare the 

mean of measurements taken with VECTRA 

XT and Crisalix (ie inter-method difference) 

with 5% significance levels. The agreement 

between the VECTRA XT and Crisalix 

measurements for each factor was calculated 

and graphically represented using Bland 

Altman plots 22. These display the difference 

between the means of the three 

measurements for each participant using the 

two imaging systems on the y axis (i.e. mean 

measurement VECTRA XT for patient A 
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minus mean measurement Crisalix for patient 

A) as a function of the mean of the two 

imaging systems’ measurements on the x 

axis. The mean difference and ‘limits of 

agreement’ (mean difference +/- 1.96 times 

the standard deviation of the mean 

difference) were calculated.  

Results 

Patient recruitment 

Of the 42 women who were contacted, 40 

(95.2%) agreed to participate. Two (5%) 

women who agreed to participate did not 

attend. 38 women were imaged, but the first 

3 women’s imaging data were not included in 

the study in order to reduce the impact of the 

learning curve on the Crisalix measurements. 

A further four women had blurred or 

deformed images using Crisalix and were 

excluded therefore, in total, images of 31 

women were analysed.  

 

Intra-method variation for VECTRA XT 

and Crisalix repeated measures 

The mean, mean of the SDs, and CV for the 

three repeated measurements of SN-N, N-N, 

breast width and volume using the VECTRA 

XT and Crisalix systems are summarised in 

Table 1. Mean of SDs and CV were low for 

all parameters. The paired t-test for the CV 

showed that the only significant difference in 

variability for the VECTRA XT and Crisalix 

measurements was for nipple-to-nipple 

distance in favour of VECTRA XT (*). 

 

Table 1. Intra-observer variation – mean, mean of the standard deviations and CV of 

measurements for VECTRA XT and Crisalix 

 

 

Measurement VECTRA XT Crisalix Paired t-

test for 

CV 
Mean Mean of 

standard 

deviations 

Coefficient 

of variation 

(%) 

Mean Mean of 

standard 

deviations 

Coefficient 

of variation 

(%) 

Sternal notch to 

nipple (cm) 

24.2 

 

0.6 2.8 24.3 0.4 1.8 0.41 

Nipple to nipple 

(cm) 

23.1 0.1 0.6 23.4 0.3 1.4 0.001* 

Breast width 

(cm) 

17.5 0.2 1.3 16.9 0.2 1.5 0.35 

Volume (cm
3
) 621.1 17.7 

 

3.2 590.1 24.4 3.3 

 

0.66 



Jennifer E Rusby, et al.        Medical Research Archives vol 9 issue 4. April 2021       Page 8 of 17 

Copyright 2021 KEI Journals. All Rights Reserved                http://journals.ke-i.org/index.php/mra 

Inter-method variation and Bland Altman 

agreement plots for VECTRA XT and 

Crisalix 

The mean, mean difference, and limits of 

agreement for SN-N, N-N, breast width and 

volume are summarised in Table 2. There 

was a statistically significant difference 

between mean VECTRA XT and Crisalix 

measurements for nipple-to-nipple distance 

and breast width (*). Bland Altman plots are 

shown in Figures 5-8.

 

Table 2. Inter-method variation 

 Mean 

VECTRA 

XT 

Mean 

Crisalix 

Paired 

t-test p-

value 

 Mean 

difference 

Upper limit of 

agreement 

(mean+1.96*SD) 

Lower limit of 

agreement 

(mean-1.96*SD) 

Sternal notch to 

nipple (cm) 

24.2 24.3 0.35  -0.03 1.7 -1.8 

Nipple to nipple 

(cm) 

23.1 24.1 0.001*  -1.0 0.8 -2.8 

Breast width 

(cm) 

17.5 16.9 0.001*  0.6 2.0 -0.9 

Volume (cm
3
) 621.1 590.1 0.54  31.1 286.7 -244.6 

 

 

Figure 5. Bland Altman agreement plot for sternal notch to nipple (SN-N) distance 

-4

-3

-2

-1

0

1

2

3

15 20 25 30 35

D
if
fe

re
n
c
e
 in

 s
te

rn
a
l 
n
o
tc

h
 t

o
 n

ip
p
le

 
d
is

ta
n
c
e
 V

E
C

T
R

A
 m

in
u
s
 C

ri
s
a
li
x
 (
c
m

)

Mean sternal notch to nipple distance measured by VECTRA and Crisalix (cm)

Mean difference Upper limit of agreement Lower limit of agreement



Jennifer E Rusby, et al.        Medical Research Archives vol 9 issue 4. April 2021       Page 9 of 17 

Copyright 2021 KEI Journals. All Rights Reserved                http://journals.ke-i.org/index.php/mra 

 

Figure 6. Bland Altman agreement plot for nipple to nipple distance 

 

Figure 7. Bland Altman agreement plot for breast width 
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Figure 8. Bland Altman agreement plot for breast volume 

For all four parameters, the mean difference 

was small but the limits of agreement were 

large. Often this was caused by one or two 

substantial outliers. In figures 5 and 6 (sternal 

notch to nipple and nipple to nipple distance) 

the outlier is the same patient. On review of 

her measurements, the left SN-N is 

consistently measured 2.8cm greater by 

Crisalix than by VECTRA and the nipple to 

nipple distance is measured 5.4cm greater by 

Crisalix. On inspection of the images, the 

right nipple marker is placed a little too 

lateral by Crisalix (and cannot be adjusted by 

the user). This would affect N-N but not left 

SN-N. This patient is also an outlier for 

volume with Crisalix calculating the left 

breast volume 250cm3 greater than 

VECTRA, see figure 9 below.  

The two outliers in figure 7 have VECTRA 

XT measurement of width of 2.5cm greater 

than Crisalix. On review of their 

measurements and images, there is no clear 

reason as to why this should be. 

The two outliers in figure 8 for which 

VECTRA measured volume substantially 

greater than Crisalix represent one participant 

whose abdominal wall slopes steeply 

postero-superiorly to antero-inferiorly 

(figure 9a). The case in which Crisalix 

measured breast volume substantially greater 

than VECTRA XT has an abdominal wall 

that slopes in the opposite way (slightly) 

(figure 9b). The interpolation of the posterior 

border of the breast is discussed in detail 

below. 
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Discussion  

This study has shown that the variation of 

measurements taken by either Crisalix (3D 

sensor method) or VECTRA XT is small and 

either method can be used repeatedly with 

minimal natural variation. However, the 

limits of agreement between the two methods 

are wide such that the two cannot be used 

interchangeably. 

Intra-method variation 

The variation of measurements about the 

mean (i.e. CV) for both the VECTRA XT and 

Crisalix (3D sensor method) are small, with 

the largest variation being 3.3%. This 

concurs with previous work carried out by 

this group on intra- and inter- observer 

variation in measurements using VECTRA 
16. The paired t-tests comparing the CVs 

demonstrated that there were no significant 

differences in variation of repeatability 

between the VECTRA XT and Crisalix 

measurements except for nipple to nipple 

distance, which was marginally in favour of 

the VECTRA XT measurements. Since this 

study was conducted, Crisalix have amended 

the software to allow users to enter a 

measured nipple to nipple distance which 

would calibrate the image and allow for 

images taken too close or far away from the 

patient. Of note, in the thumbnail images 

acquired during the scanning process, the 

outlier case in figures 5, 6, and 9 does not 

appear to be closer to the camera than other 

patients. Overall, therefore, this remains 

unexplained. VECTRA also has registration 

capabilities, but as we have previously 

demonstrated low intra-observer variation, 

these were not used. 

Inter-method variation 

When comparing VECTRA XT with 

Crisalix, there was a statistically significant 

difference in the means of nipple to nipple 

distance and breast width for the whole 

cohort, though the absolute difference in 

means (-1.0cm and 0.6cm respectively) 

would not be regarded as clinically 

significant and the values of the standard 

deviations were small. Nipple to nipple 

difference may be affected by the issues of 

scaling as mentioned above for the Crisalix 

system. Breast base width is notoriously 

difficult to measure, because of the difficulty 

in accurately identifying the lateral border of 

the breast, especially in overweight women. 

This may represent a difference in our patient 

population compared with the usual aesthetic 

augmentation population for which the 

systems have been developed.  

More importantly, although the mean 

differences were small (for example Crisalix 

measured nipple to nipple distance on 

average 1cm larger than VECTRA), on a 

patient by patient basis the limits of 

agreement were wide (95% confidence this 

would lie within 0.8 to minus 2.8cm 

difference). Similarly, for volume, a mean 

difference of 31cm3 seems acceptable until 

one considers the 95% confidence interval 

from +286cm3 to -244cm3.  This would 

clearly be regarded as a clinically important 

error. We therefore conclude that the two 

systems cannot be used interchangeably, for 

example in a multi-centre study. 

The reasons for differences in linear 

measures have already been described. The 

two systems also have different methods for 

measuring volume: Crisalix applies a 
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standard muscular shape as the posterior 

border of the breast. While this can be 

adjusted for individual patients, this 

adjustment was not made in this study to 

ensure uniformity. Conversely, the Mirror 

software associated with the VECTRA 

system interpolates the shape of the posterior 

border of the breast from the surrounding soft 

tissue anatomy. Both of these work well in 

slim augmentation candidates, however have 

their limitations in the generally older and 

heavier breast cancer population. Various 

studies have highlighted that the 3D-SI 

estimation of the posterior border of the 

breast (anterior chest wall) remains a 

particular challenge and this has a significant 

impact on the accuracy of breast volume 

measurement6, 23. A study by Göpper et al24 

used CT images from patients in the general 

population to create a statistical shape model 

(SSM) by using principal component analysis 

(PCA) to factor in the chest wall in breast 

volume assessment. The authors found that 

the SSM-based estimation of breast volume 

was more accurate than the interpolation-

based method.  

Figure 9 shows the furthest outliers in figure 

8, for breast volume, illustrating the 

musculature assumed by the Crisalix system 

and the trajectory of interpretation which 

might be taken by VECTRA software. It is 

important to note the blue line represents the 

authors’ estimation of possible interpolation 

of the posterior border of the breast by 

VECTRA leading to outlying poor agreement 

on volume between the two methods. 

 

Figure 9a: Screenshot of image of a case with outlying datapoints for volume with VECTRA 

calculating greater than Crisalix. This demonstrates how, for this case, the VECTRA system will 

give a larger measurement for volume than the Crisalix system since extrapolation of the 

abdominal wall into the chest by VECTRA will lead to incorrect estimation of concavity. 

Conversely, the Crisalix musculature is illustrated in an unnaturally inferior position owing to the 

dislocation of the breast inferiorly on the chest wall with gravity. 
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Figure 9b: Screenshot image of a case with outlying datapoints for volume with Crisalix 

calculating greater than VECTRA. Here the estimated VECTRA interpolation is shown in blue 

and the Crisalix musculature appears unnaturally recessed. 

 

Other portable 3D-SI systems have been 

investigated, such as the Kinect recording 

system by Microsoft which is used in the 

gaming industry. The camera is designed to 

capture human motion and may be used in 

conjunction with a software program to 

produce an image and a depth map from 

which the volume can be calculated. Henseler 

et al 5 captured the images of nine silicone 

breast implants of different volumes four 

times and compared to the volume given by 

the manufacturer. The imaging system 

demonstrated slight over-estimation. 

However, the error did not exceed the 10% 

margin. Wheat et al 9 also compared breast 

measurements using a Microsoft Kinect 3D 

imaging system compared with manual 

measurements of straight line distance 

between two points on a mannequin. The 

mean difference was 1.9mm and excellent 

intra and inter-rater repeatability was 

demonstrated. While studies using phantoms 

or mannequins are informative, we have 

previously shown greater variation when 

measuring patients than plasticine phantoms 
16. 

Patete et al 7 compared a portable 3D-SI 

system to two established static systems. In 

this study they compared the image produced 

by the 3D imaging systems to that of a CT-

derived reference model. The authors 

concluded that their portable prototype was 

accurate compared to two static cameras. 

Further considerations 

Portability and image capture: The Crisalix 

is far more portable and can be used 

anywhere with a stable internet connection. It 

takes approximately one minute to move the 
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sensor around the participant to capture the 

image which may be challenging if the 

participant has poor balance or requires 

walking aids. The VECTRA XT is a static 

system and image capture is instantaneous, as 

the six digital cameras capture the digital 

photographs simultaneously. However, it 

takes up to 30 minutes to dismantle if 

required to move to another site.  

Image storage: The Crisalix images are 

stored within the web portal and can be 

accessed on any computer that has 

downloaded the application. Secure Socket 

Layer (SSL) technology is used to encrypt 

data, to ensure that only authorised users can 

access the images. Any user would need 

institutional clinical and information 

governance permission to use it. The 

VECTRA XT images are stored on a 

computer hard drive and are only visible on 

that particular computer unless a network is 

set up and software installed onto other 

computers. 

Image analysis: The Crisalix analysis is 

simple to use as only the medial and lateral 

mammary  landmarks can be adjusted for 

volume and anthropometric measurements. 

However, a good internet connection is 

required for the volume calculations. It takes 

approximately one minute per breast to 

identify the region of interest and to obtain 

the volume calculation using the VECTRA 

XT system. Confident identification of the 

lateral mammary fold may be challenging in 

overweight or obese patients and this affects 

both systems. This issue is highlighted 

elsewhere in other studies which compared 

the VECTRA XT to traditional direct 

anthropometry25. With both systems it is 

possible to measure other straight-line 

distances which may be useful in surgical 

planning, for example, difference in height of 

the infra-mammary folds or the breast 

projection. It is also possible to superimpose 

images obtained over time to assess post-

operative changes. These capabilities have 

not yet been validated. All studies comparing 

3D-SI are dependent on the accuracy of their 

gold standard. It is worth noting that the 

repeatability of observers’ tape 

measurements has not been assessed, 

therefore both VECTRA XT and Crisalix 

may be more accurate than these. 

Study limitations  

Although the number of patients is small, we 

believe this is sufficient to illustrate the issues 

that would arise if using both 3D-SI systems 

interchangeably. Furthermore, software 

developments over time may already have 

reduced some of the inter-method 

disagreement and further improvements may 

yet be achieved. 

Future directions  

This study has compared the volumetric 

breast measurements using the VECTRA XT 

and Crisalix system and showed that these 

cannot be used interchangeably as the 

measurements vary significantly. Further 

studies are required to validate the Crisalix 

system for integrating 2D photographs to 

make a 3D images, to confirm its accuracy 

and objective reproducibility. Once 

validated, there may be scope to further 

investigate simulation of appearance after 

breast cancer surgery.  
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Conclusion 

Each system shows good repeatability for all 

four parameters. While inter-method mean 

differences are small, it is not possible to use 

the Crisalix and VECTRA XT system 

interchangeably since the limits of agreement 

are wide.  
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