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Breast augmentation is one of the most com-
monly performed aesthetic procedures in 
plastic surgery.1–6 One of the key concepts 

involved in planning the procedure includes various 
soft-tissue–based strategies for preoperatively mea-
suring the patient to be certain the chosen implant 
matches the soft-tissue framework of the breast.7–16 
In this regard, implant selection that emphasizes 
the base diameter of the breast has been presented 
as one of the critical variables required to success-
fully choose a proper implant for a given patient. 
Despite this trend toward more measurement-based 
systems of preoperative evaluation, one of the most 
common reasons for returning to the operating 
room after breast augmentation is reoperation for 
size change.6,12,17–28 One explanation for what should 

be a preventable complication may be related to 
the relative effect different implant variables have 
on the final result.29 For instance, the difference 
between an 11-cm versus a 12-cm base diameter 
measurement is nuanced enough such that both 
choices would provide an acceptable result for the 
majority of patients. However, the change in vol-
ume that occurs for these two base diameters can 
vary from approximately 50 to 130 cc, depending on 
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Background: In breast augmentation, breast base diameter has been recognized as 
an important variable in implant selection. However, breast implant volume also 
has a tremendous impact on the final result. Previous methods of preoperative 
volume determination have been limited to external devices in a bra. Computer-
based three-dimensional simulation technology now allows the physician to effec-
tively communicate with the patient preoperatively regarding volume.
Methods: A cohort of 40 consecutive patients underwent routine breast aug-
mentation with either anatomically shaped or round implants. Five methods of 
preoperative volume determination including the Crisalix three-dimensional 
computer imaging system (Crisalix Virtual Aesthetics, Lausanne, Switzerland), 
along with an associated virtual reality tool, were used to assess the preoperative 
desires of the patients. A postoperative questionnaire was used to assess patient 
satisfaction with each volume determination method.
Results: Of the 40 patients, 100 percent were satisfied with their result; how-
ever, given the opportunity, 12 percent would have chosen a larger implant. 
The virtual reality tool and external sizers were shown to be the most effective 
in choosing an implant. The virtual reality tool was judged to be very helpful 
(62 percent), very accurate (78 percent), and important (88 percent) in help-
ing patients choose their desired implant size.
Conclusion: Prioritizing volume as an implant selection variable in breast aug-
mentation results in a very high rate of patient satisfaction. (Plast. Reconstr. 
Surg. 149: 00, 2022.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, IV.

Use of Three-Dimensional Imaging to Assess  
the Effectiveness of Volume as a Critical  
Variable in Breast Implant Selection

Related digital media are available in the full-text 
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the projection of the device and the manufacturer. 
Therefore, as opposed to what amounts to small 
and generally acceptable changes in base diameter 
choice, the associated range of volumes can have a 
significant effect on how satisfied the patient is after 
undergoing breast augmentation. When viewed in 
this way, there is potential advantage in choosing the 
volume of the implant together with the patient as 
the primary variable in implant selection and then 
choosing other variables related to base diameter, 
projection, and implant height as indicated. In this 
regard, several different types of three-dimensional 
imaging systems based on the concept of surface 
imaging and photogrammetry have been devel-
oped. These systems can be used to create simula-
tions that use the patient’s own photographs to 
approximate what the result would appear like with 
different volumes and types of implants in place.30–34 
These systems have been shown to be variably effec-
tive in educating patients as to what type of result 
may be obtained after undergoing breast augmenta-
tion, specifically focusing on the volume of the imp
lant.1,3,21,31,35–51 Therefore, the goal of this study was 
to (1) describe the results in a series of consecutive 
patients undergoing breast augmentation where 
volume was used as the primary variable in implant 
selection and (2) evaluate several methods of vol-
ume determination, including three-dimensional 
simulation, to determine which were most effective.

PATIENTS AND METHODS
A consecutive series of patients presenting 

for uncomplicated bilateral breast augmentation 

were considered for enrollment in the study 
cohort. Exclusion criteria included the pres-
ence of ptosis, desire for mastopexy, tuberous 
breast deformity, and previous malignancy. All 
enrolled patients first underwent volume-based 
decision planning as an aid to implant selection 
using five methods of volume estimation. These 
methods of desired volume assessment included 
the following: (1) viewing photographs of previ-
ous patients, (2) having an in-depth verbal dis-
cussion of the desired result with the surgeon, 
(3) using specially designed external contoured 
silicone sizers in a bra (Figs.  1 through 3), (4) 
having a computer simulation performed using 
the Crisalix computer simulation system (Crisalix 
Virtual Aesthetics, Lausanne, Switzerland) 
(Fig. 4), and (5) using the virtual reality feature 
provided through the Crisalix system to generate 
a three-dimensional image that was then viewed 
through an Oculus Go (Facebook, Inc., Menlo 
Park, Calif.)headset. (See Figure, Supplemental 
Digital Content 1, which shows appearance of 
a patient during the preoperative consultation 
wearing the virtual reality headset, http://links.
lww.com/PRS/E757. See Figure, Supplemental 
Digital Content 2, which shows appearance of 
the image seen by the patient through the vir-
tual reality headset showing the anteroposterior, 
45-degree, and lateral views of the computer-sim-
ulated image, http://links.lww.com/PRS/E758. See 
Figure, Supplemental Digital Content 3, which 
shows when the patient looks straight down while 
wearing the virtual reality headset; the computer 
simulation showing the position and projection 

Fig. 1. Anatomically configured external sizers.

F4

F1 - F3

AQ11

lww 8/11/21 14:58 4 Color Fig(s): F1-7 Art: PRS-D-20-01693

http://links.lww.com/PRS/E757
http://links.lww.com/PRS/E757
http://links.lww.com/PRS/E758






Copyright © 2021 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 

Volume 149, Number 1 • Imaging in Breast Augmentation

5

follow-up time for the entire cohort was 24 weeks 
(6 months). The results of the survey are summa-
rized in Table 1. Of the 40 patients, 100 percent 
responded that they were satisfied with the final 
outcome of their procedure and, furthermore, 
felt that what they desired from the operation 
had been accomplished. Despite this high level 
of patient satisfaction, five of the 40 patients (12 
percent) stated that, on direct questioning and 
with the benefit of hindsight, if they could change 
something, they would have chosen a larger 
implant. No patient desired a smaller device. In no 
instance was this potential desire for size change 
a source of patient dissatisfaction. With regard to 
the virtual reality simulation, 62 percent of the 
patients found the virtual reality tool to be very 
helpful in deciding implant size, whereas 30 per-
cent felt it to be helpful but not decisively. In all, 
93 percent of the patients found the virtual reality 
tool to be very (78 percent) or rather (15 percent) 
accurate. When asked what role the virtual reality 
simulation played in their overall breast augmen-
tation experience, 88 percent of the patients felt 
it played a very important (58 percent) or impor-
tant (30 percent) role.

Of the five methods of volume determination 
used during the preoperative evaluation process, 
the virtual reality simulation and the external siz-
ers were judged to be the most helpful in choosing 
implant size, being ranked as a top three choice 
in 80 percent and 75 percent of the responses, 
respectively (Table 2). All five methods of volume 
determination were judged to be effective with 
physician discussion (88 percent), use of external 
sizers (81 percent), use of computer simulation 
(83 percent), and use of virtual reality simulation 
(88 percent) all being graded as very good to excel-
lent. The use of preoperative photographs was the 
least helpful of the five methods used. Overall, the 
virtual reality simulation was graded as excellent 
most commonly (73 percent) (Table 3) and was 
also most commonly ranked first as the most help-
ful modality (43 percent) (Table 2).

When analyzing the data separately accord-
ing to shaped versus round implants, very similar 
results were obtained in that viewing photographs 
was the least helpful means of choosing a vol-
ume, with all other methods of size determination 
being graded mostly as very good to excellent. 
The virtual reality simulation and external sizer 
methods continued to rank highest in helping 
choose a device for anatomical implants; however, 
for round implants, the utility of the external 
sizer (58 percent) lagged well behind the virtual 
reality simulation technique (92 percent) as far 

as being a top-three choice (Tables 3 through 7). 
When comparing the results of this study to the 
results obtained by Donfrancesco et al.,45 very sim-
ilar percentages were noted using the exact same 
wording in three different assessment questions. 
Comparing the results using the Vectra imaging 
system with the virtual reality system used in this 
study, 97 percent versus 92 percent of patients, 
respectively, felt the simulations were either very 
helpful, or helpful but not decisively in help-
ing decide on an implant, 97 percent versus 93 
percent felt the simulations were very or rather 
accurate, and 89 percent versus 88 percent felt 
the simulations played a very important to impor-
tant role in their breast augmentation experience 
(Table 8).

DISCUSSION
There are many factors that come together 

to determine the degree of satisfaction a patient 
experiences after undergoing breast augmen-
tation. Issues such as breast shape, symmetry, 
proportion, nipple position, and absence of com-
plications all combine to define the final result. 
Breast implant volume is also a critical variable 
that plays a major role in defining the final out-
come. It is a variable that is readily apparent to the 
patient by means of simple visual inspection and 
is a focal point of how the patient perceives her 
result. Clearly, volume is important, and several 
authors have recognized the utility of speaking in 
terms of volume when counseling a patient about 
the procedure.16,17,19,40

Historically, several methods of attempting to 
demonstrate to the patient the effect of increased 
breast volume have been described, with tech-
niques ranging from the simple including the 
use of bags filled with rice or water,17,53,54 to the 
use of external sizers placed in a bra,16,19,55 to now 
more complex techniques related to three-dimen-
sional imaging.30–34 Regardless of which method 
is used, all embrace the philosophical concept 
that the patient should, within reason, have a 
voice in describing what kind of result she desi
res.17,19,21.24,29,46,54

With recent advances in technology, digital 
imaging followed by computer simulation of the 
proposed result has become a common technique 
for surgeons and patients to communicate about 
expected outcomes preoperatively in breast aug-
mentation. In particular, these systems are very 
effective at demonstrating changes in volume. 
To this end, several different systems have been 
introduced designed specifically for helping to 
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produce computer simulations of a postoperative 
result based on the actual preoperative appear-
ance of the patient. Early versions of this technol-
ogy were expensive and somewhat cumbersome 
to use, and for many, this proved to be somewhat 
time consuming and intrusive to the overall con-
sultation process. Concerns were also raised as to 
the accuracy of the generated images and what 
affect this could have on the patient’s expected 
outcomes.56–59

Recent advances in this field have focused 
on converting two-dimensional images captured 
either with photographs or surface scanners 
into three-dimensional simulations with much 
less effort and device requirements. The Crisalix 

system used in this study is one of these types of 
systems.3,32,33,44,50,56 The technology is based on 
an artificial intelligence system capable of accu-
rately modeling, in three dimensions, the body 
of the patient simply using three standard digi-
tal photographs without the need for any spe-
cific hardware. The result is a three-dimensional 
model that can be viewed and manipulated using 
cloud-based technology through the Crisalix app 
on a computer, tablet, or mobile phone. A three-
dimensional rendering of the patient can also 
be viewed through a three-dimensional virtual 
reality headset linked to the Crisalix program. 
Implant variables including volume, base diame-
ter, shape, texture, and fill can be input using the 

Table 1. Postoperative Questionnaire with Tabulated Patient Responses

Question
All Implants 

(%)
Round  

Implants (%) 
Anatomical 

Implants (%)

1. In general, are you satisfied with the final outcome of the operation?    
a. Yes 40/40 (100) 12/12 (100) 28/28 (100)
b. No 0/40 (0) 0/12 (0) 0/28 (0)
2. Did you achieve the result you were looking for?    
a. Yes 40/40 (100) 12/12 (100) 28/28 (100)
b. No 0/40 (0) 0/12 (0) 0/28 (0)
3. Knowing what you know now, would you change something?    
a. Yes 5/40 (12) 2/12 (17) 3/28 (11)
b. No 35/40 (88) 10/12 (83) 25/28 (89)
4. In terms of the size of the implant, would you choose the same or  

a different one if you were to change?    
a. Choose a smaller implant 0/5 (0) 0/2 (0) 0/3 (0)
b. Choose a larger implant 5/5 (100) 2/2 (100) 3/3 (100)
c. Choose the same implant 0/5 (0) 0/2 (0) 0/3 (0)
d. I would not undergo surgery 0/5 (0) 0/2 (0) 0/3 (0)
5. How much has the virtual reality simulation helped you in deciding the 

implant?    
a. Very much 25/40 (62) 7/12 (58) 17/28 (60)
b. Yes, but not decisively 12/40 (30) 5/12 (42) 8/28 (29)
c. Not so important 2/40 (5) 0/12 (0) 2/28 (7)
d. Not at all 1/40 (3) 0/12 (0) 1/28 (4)
6. How accurate do you feel the virtual reality simulation you were shown  

during consultation was if you compare it with your actual result in yourself?    
a. Very accurate 31/40 (78) 8/12 (67) 23/28 (82)
b. Rather accurate 6/40 (15) 3/12 (25) 3/28 (11)
c. Little 3/40 (7) 1/12 (8) 2/28 (7)
d. No similarity at all 0/40 (0) 0/12 (0) 0/28 (0)
7. Overall, what role do you that the virtual reality simulation had in  

your breast augmentation experience?    
a. Very important 23/40 (58) 8/12 (67) 16/28 (57)
b. Important 12/40 (30) 3/12 (25) 8/28 (29)
c. Not so important 5/40 (12) 1/12 (8) 4/28 (14)
d. A waste of time 0/40 (0) 0/12 (0) 0/28 (0)

Table 2. Ranking of Each Method of Volume Determination with Patients Choosing Top Three Methods*

 

Rank

First (%) Second (%) Third (%) In Top 3 (%)

Review of photographs 4 (10) 5 (12) 7 (18) 16 (40)
Discussion with physician 3 (8) 8 (20) 11 (28) 22 (55)
Use of external sizers 13 (33) 8 (20) 9 (23) 30 (75)
Computer simulation 3 (8) 8 (20) 9 (23) 20 (50)
Virtual reality simulation 17 (43) 11 (28) 4 (10) 32 (80)
*n = 40 patients.
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Table 3. Characterization of the Five Volume Estimation Methods*

 
Review of  

Photographs (%)
Discussion with  
Physician (%)

Use of External  
Sizers (%)

Computer  
Simulation (%)

Virtual Reality 
Simulation (%)

Excellent 9 (23) 24 (60) 21 (53) 22 (55) 29 (73)
Very good 17 (43) 11 (28) 11 (28) 11 (28) 6 (15)
Good 11 (28) 5 (12) 7 (18) 7 (18) 3 (8)
Fair 2 (5) 0 (0) 0 (0) 0 (0) 2 (5)
Poor 1 (3) 0 (0) 1 (3) 0 (0) 0 (0)
*n = 40 patients.

Table 4. Ranking of Each Method of Volume Determination with 28 Patients with Anatomically Shaped 
Implants Choosing the Top-Three Methods

 

Rank

First (%) Second (%) Third (%) In Top 3 (%)

Review of photographs 2 (7) 6 (21) 5 (18) 13 (46)
Discussion with physician 3/ (11) 6 (21) 6 (21) 15 (54)
Use of external sizers 10 (36) 5 (18) 8 (29) 23 (82)
Computer simulation 1 (4) 4 (14) 7 (25) 12 (43)
Virtual reality simulation 12 (43) 7 (25) 2 (7) 21 (75)

Table 5. Characterization of the Five Volume Estimation Methods in 28 Patients with Anatomically Shaped 
Implants

 
Review of  

Photographs (%)
Discussion with  
Physician (%)

Use of External  
Sizers (%)

Computer  
Simulation (%)

Virtual Reality 
Simulation (%)

Excellent 8 (29) 18 (64) 17 (61) 17 (61) 22 (79)
Very good 10 (36) 8 (29) 9 (32) 6 (21) 2 (7)
Good 9 (32) 2 (7) 2 (7) 5 (18) 2 (7)
Fair 1 (4) 0 (0) 0 (0) 0 (0) 2 (7)
Poor 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Table 6. Ranking of Each Method of Volume Determination with 12 Patients with Round Implants Choosing 
the Top-Three Methods

 

Rank

First (%) Second (%) Third (%) In Top 3 (%)

Review of photographs 2 (17) 0 (0) 3 (25) 5 (42)
Discussion with physician 0 (0) 2 (17) 4 (33) 6 (50)
Use of external sizers 3 (25) 4 (33) 0 (0) 7 (58)
Computer simulation 0 (0) 3 (25) 4 (33) 7 (58)
Virtual reality simulation 7 (58) 3 (25) 1 (8) 11 (92)

Table 7. Characterization of the Five Volume Estimation Methods in 12 Patients with Round Implants

 
Review of  

Photographs
Discussion with  

Physician
Use of External  

Sizers
Computer  
Simulation

Virtual Reality 
Simulation

Excellent 2 (17) 7 (58) 4 (33) 6 (50) 8 (67)
Very good 6 (50) 2 (17) 3 (25) 4 (33) 3 (25)
Good 2 (17) 3 (25) 4 (33) 2 (17) 1 (8)
Fair 1 (8) 0 (0) 0 (0) 0 (0) 0 (0)
Poor 1 (8) 0 (0) 1 (8) 0 (0) 0 (0)
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selection tool, and any implant from the embed-
ded implant library that contains the implants 
from every major manufacturer can be chosen 
to create a simulation. In particular, the virtual 
reality technology is a new feature associated 
with this system, and early adoption in the prac-
tice of the senior author seemed to be extremely 
well received by the patients. [See Video (online), 
which shows the patient reaction to viewing the 
predicted postoperative result using the Oculus 
Go glasses and the virtual reality program.] Using 
this mode of presentation of a simulated image to 
the patient yields a visually impactful representa-
tion of her projected result. By wearing the glasses, 
an enhanced three-dimensional experience was 
created for the patient as a result of combining 
the simulated images with motion as the head 
is moved to view the image. A particularly well-
received feature of the virtual reality glasses was 
the ability of the patient to look straight down and 
see the enhanced projection and cleavage gener-
ated by the simulation (Fig. 7). It was this obser-
vation that prompted this study, which in a more 
organized fashion, confirmed what was observed 
clinically. The use of the virtual reality technology 
was graded as the most effective and most helpful 
technique of result simulation of the five methods 

studied. It also graded better than viewing the 
standard three-dimensional simulations on a com-
puter screen and was rated as sufficiently accurate 
and helpful such that the overall breast augmen-
tation experience was enhanced. These findings 
mirrored very closely the results noted previously 
using the Vectra imaging system, thus further sup-
porting the utility of three-dimensional imaging 
in breast augmentation.45

Given the encouraging findings noted in this 
study, the question then becomes what role does 
preoperative volume determination play in help-
ing a patient choose a breast implant? As opposed 
to strict adherence to tissue-based strategies that 
prioritize exact base diameter measurements as 
the primary variable with one specific implant 
identified as the implant of choice, it is proposed 
that a hybrid approach is preferable. Because 
base diameter can easily vary up to 1 cm and still 
comfortably “fit” within the soft-tissue framework, 
several implants of different dimensions and vol-
umes could be effectively used to provide an aes-
thetic result. It is here that preoperative volume 
determination can play a decisive role, as 1  cm 
of variance in base diameter measurement can 
be associated with 80 cc or more of volume dif-
ference, enough to create a noticeable effect of 
the final appearance of the breast. By first being 
certain that the volume of the chosen implant will 
create the result desired by the patient, and then 
confirming that the base diameter of the chosen 
implant matches well with the soft-tissue frame-
work, any chance for patient dissatisfaction with 
size postoperatively is minimized.40,45–47,60

This approach allows the “largest” implant 
possible to be used without risking damage to 
the soft tissues. When patient requests for volume 
are such that the soft tissues would be subjected 
to too much stress, patient education can then 
be used to redirect patient requests to a more 
appropriate volume. In this study, a small number 
of patients would have chosen a larger implant 
even after undergoing the entire described pre-
operative evaluation process. However, in no 
instance did this result in a reoperation for size 
change, as proper preoperative education had 
prepared each patient for the implant that most 
optimally fit her soft-tissue framework, a process 
that each patient fully accepted. It is interesting 
to note that the virtual reality tool outperformed 
external sizers when using round implants. This 
may be related to the fact that the external siz-
ers were more anatomically configured than the 
actual round implants that were ultimately used; 
however, because of the low numbers of patients 

Table 8. Comparison of Questionnaire Responses 
between Crisalix Virtual Reality Simulations and 
Vectra Simulations*

 VR (%) Vectra (%)

8. How much has the Crisalix Virtual 
Reality/Vectra simulation helped 
you in deciding the implant?

  

a. Very much 62 81
b. Yes, but not decisively 30 16
c. Not so important 5 3
d. Not at all 3 0
9. How accurate do you feel the  

Crisalix Virtual Reality/Vectra 
simulation you were shown during 
consultation was if you compare it 
with your actual result in yourself?

  

a. Very accurate 78 86
b. Rather accurate 15 11
c. Little 7 3
d. No similarity at all 0 0
10. Overall, what role do you think 

that the Crisalix Virtual Reality/ 
Vectra simulation had in your  
breast augmentation experience?

  

a. Very important 58 55
b. Important 30 34
c. Not so important 12 11
d. A waste of time 0 0
VR, virtual reality.
*Donfrancesco A, Montemurro P, Hedén P. Three-dimensional 
simulated images in breast augmentation surgery: An investigation 
of patients’ satisfaction and the correlation between prediction and 
actual outcome. Plast Reconstr Surg. 2013;132:810–822.Video 1. This video shows the patient reaction to 

viewing the predicted postoperative result using the 
Oculus Go glasses and the virtual reality program.
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in this cohort, further study is indicated to assess 
whether or not this is really a factor.

CONCLUSIONS
Using volume as a primary variable in breast 

implant selection is an effective way to commu-
nicate with patients seeking breast augmenta-
tion. Incorporating discussions regarding volume 
along with other measured parameters results in 
high levels of patient satisfaction, with no reop-
erations for size change occurring in this cohort 
of patients. The most effective methods of volume 
estimation include the use of three-dimensional 
imaging and external sizers. The Crisalix virtual 
reality tool offers particular advantage in allowing 
effective communication between the physician 
and the patient.

Dennis C. Hammond, M.D.
Partners in Plastic Surgery
4070 Lake Drive, Suite 202
Grand Rapids, Mich. 49546
drhammond@pipsmd.com
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