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ABSTRACT KEYWORDS
Background: Three-dimensional (3D) simulation and virtual reality (VR) technologies 3D simulation;
are increasingly used in aesthetic surgery consultations to enhance decision-making augmented reality;
and expectation management. However, their impact on surgical decision-making and preoperative planning;
postoperative satisfaction across different procedures remains unclear. virtual reality
Objectives: This study aimed to evaluate the influence of 3D simulation and VR

technology in patients undergoing rhinoplasty, breast augmentation, mastopexy,
augmentation-mastopexy and breast reduction.

Methods: A retrospective study was conducted with 75 female patients who underwent

primary aesthetic surgery. Preoperative 3D simulations and VR visualizations were

generated using the Crisalix Virtual Esthetics system (Crisalix S.A., Switzerland). Patients

were assessed postoperatively at one year using structured surveys to evaluate the

influence of 3D simulation and VR technology on their decision-making and satisfaction.

Statistical analyses included the Kruskal-Wallis H test, the Chi-Square test, and Spearman’s

correlation.

Results: 3D simulation had the greatest influence on breast augmentation (8.4/10),

rhinoplasty (7.6/10), and augmentation-mastopexy (7.1/10) patients but was less

impactful for mastopexy (6.6/10) and breast reduction (3.8/10) patients (p<0.001). The

most decisive factors were previous patient photos (30.7%) and communication with

the surgeon (29.3%), with simulation ranking third (18.7%). Postoperative similarity

ratings were highest in breast augmentation (7.9/10) and rhinoplasty (7.5/10) patients.

While 70.7% of patients would recommend 3D simulation, VR headset use did not

influence decisions (p<0.001).

Conclusions: 3D simulation enhances patient engagement and expectation

management across various aesthetic procedures. While its influence is more significant

in surgeries primarily focused on aesthetic outcomes, it serves as a complementary tool

rather than a definitive factor in decision-making.

Introduction

In modern plastic surgery, aesthetic procedures play a pivotal role in enhancing patients’ psychological
and social well-being, ultimately aiming to improve overall patient satisfaction [1]. Given that aesthetic
surgery is predominantly elective, establishing effective communication and aligning surgical outcomes
with patient expectations are critical factors influencing postoperative satisfaction.

With the increasing accessibility of aesthetic procedures, patients are becoming more discerning and
seeking reliable, data-driven methods to make informed decisions about their surgeries. Traditionally,
patient-surgeon trust, before-and-after photos, and detailed consultations have been the primary tools
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in managing expectations [2]. However, the rise of computer-generated imaging, three-dimensional (3D)
simulation, and augmented/virtual reality (AR/VR) technologies has revolutionized the preoperative con-
sultation process by providing patients with a visual representation of their potential surgical outcomes
[3]. While these technologies have enhanced patient engagement and decision-making, their impact on
actual postoperative satisfaction and perceived accuracy remains a subject of debate [4].

Despite the growing integration of 3D simulation technology in aesthetic surgery, studies examining
its role in various surgical procedures, including rhinoplasty, breast augmentation, mastopexy, and breast
reduction, remain limited. While prior research has evaluated the use of simulation in specific procedures,
a comprehensive study analyzing its influence across multiple aesthetic procedures has not been con-
ducted [5-7].

Therefore, this study aims to investigate the impact of preoperative 3D simulation and AR/VR technol-
ogies on surgical decision-making and postoperative patient satisfaction in individuals undergoing rhino-
plasty, breast augmentation, mastopexy, augmentation-mastopexy, and breast reduction surgeries. By
assessing the perceived accuracy of simulated outcomes and their influence on patient satisfaction, we
aim to provide valuable insights into the effectiveness and limitations of these emerging technologies in
aesthetic surgery.

Methods
Study design and patient selection

This retrospective observational study included 75 female patients who underwent rhinoplasty, breast
augmentation, breast reduction, mastopexy or augmentation-mastopexy procedures. The inclusion crite-
ria required patients to be 18years or older, to have undergone primary aesthetic surgery, and to have
had preoperative 3D simulation images recorded using the Crisalix Virtual Esthetics system (Crisalix, SA,
Switzerland). Patients were excluded if they had undergone revision surgery, septoplasty for functional
purposes only, reconstructive procedures such as post-tumor excision reconstruction or cleft lip and pal-
ate repair, or if they had congenital breast anomalies, severe chest wall asymmetry, or chest wall defor-
mities, as these conditions may compromise the accuracy of 3D simulation outcomes.

Additionally, patients under 18years old, those with less than one year of postoperative follow-up, and
those who were unable to complete the survey at the one-year mark were also excluded.

Among the 75 patients, 20 underwent rhinoplasty, 20 underwent breast augmentation, 15 underwent
breast reduction, 10 underwent mastopexy and 10 underwent augmentation-mastopexy. These patients
represented a diverse cohort; visual examples corresponding to breast augmentation, breast reduction,
mastopexy, and augmentation-mastopexy procedures are presented in Figures 1-4.

Data collection and survey administration

All preoperative simulations were generated using the Crisalix Virtual Esthetics system (Crisalix SA,
Switzerland). A single-platform approach was intentionally adopted to preserve internal consistency-image
capture, patient positioning, lighting, and operator workflow were standardized across cases, although
this necessarily limits the generalizability of our findings to other simulation engines. Preoperative 3D
simulation images were generated during the initial consultation. This software enabled patients to visu-
alize potential surgical outcomes based on their individual anatomical features. All simulations were per-
formed by the senior author to ensure consistency in the preoperative assessments.

Patients followed a standardized postoperative care protocol and were routinely evaluated at 1 week,
1 month, 3 months, 6 months, and 12 months after surgery. At the one-year postoperative follow-up,
patients were asked to complete a customized survey designed to assess both the influence of preoper-
ative 3D simulation on their decision-making process and their level of postoperative satisfaction. To
minimize recall bias, patients were shown their original preoperative 3D simulation images at the time
of survey completion during the 1-year postoperative visit. This allowed them to directly compare the
simulated predictions with their surgical outcomes and ensured a more accurate assessment of perceived
similarity.
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Figure 1. A. 25-year-old female complains about flat chest, underwent breast augmentation, preoperative and postop-
erative 3D simulation image. B. 25-year-old female complains about flat chest, underwent breast augmentation, actual
preoperative image. C. 25-year-old female complains about flat chest, underwent breast augmentation, postoperative
first-year clinical image.

The questionnaires were adapted from previously validated instruments in the literature [5-11].
Although the items were modified to fit each surgical procedure, the use of validated sources supports
the content validity of the survey. The questionnaire format included both scaled and multiple-choice
questions, designed according to the widely used Visual Analog Scale (VAS) assessment method. The
guestionnaires consisted of 16 questions for rhinoplasty patients, 14 identical questions for both breast
augmentation and augmentation-mastopexy patients, 17 questions for breast reduction patients and 17
questions for mastopexy patients. The full text of all questionnaires is provided in the Supplementary
Material.

The survey was structured to evaluate preoperative expectations, decision-making factors, and post-
operative satisfaction. To measure the impact of simulation on decision-making, patients were asked, ‘On
a scale of 0 to 10, how much did the 3D simulation influence your decision to undergo surgery?’
Additionally, they were asked to identify the most influential factor in their surgical decision, choosing
from the following options: communication with the surgeon, review of previous patient photos, 3D
simulation images, or opinions of other patients. Another question explored whether patients, excluding
rhinoplasty patients, would have made the same decision if virtual reality (VR) technology (Oculus Rift,
Meta Platforms, Menlo Park, CA) had also been available during preoperative consultations.

Postoperative satisfaction was assessed by asking patients to compare their actual surgical results with
the preoperative simulation using a VAS scale from 0 to 10. Additional questions examined whether the
patients believed 3D simulation should be an integral part of preoperative consultations and whether
they found the visual predictions to be realistic.

Procedure-specific questions were included to address unique aspects of each surgical intervention.
For breast augmentation patients, questions assessed whether the implant volume selected during
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Figure 2. A. 41-year-old female complains about breast hypertrophy, underwent breast reduction, preoperative and
postoperative 3D simulation image. B. 41-year-old female complains about breast hypertrophy, underwent breast reduc-
tion, actual preoperative image. C. 41-year-old female complains about breast hypertrophy, underwent breast reduction,
postoperative first-year clinical image.

simulation matched their expectations and whether they would have preferred a different implant size
postoperatively. Rhinoplasty patients were asked whether the simulated nasal shape accurately repre-
sented their result and if any discrepancies existed between their preoperative expectations and postop-
erative outcomes. Breast reduction and mastopexy patients were questioned about their satisfaction with
postoperative breast symmetry, nipple positioning, and overall breast shape compared to their simulated
results.

To minimize bias, all surveys were administered by an independent healthcare provider who was not
involved in the surgical procedures.

Statistical analysis

All statistical analyses were performed using IBM SPSS for macOS 29.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics were used to summarize the data, with continuous variables presented as mean,
standard deviation, median, minimum, and maximum values, while categorical variables were expressed
as frequency and percentage.

Intergroup comparisons were conducted using the Kruskal-Wallis H test for non-parametric data. For
categorical variables, the Chi-Square test or Fisher’s Exact Test was applied where appropriate, depending
on sample size distributions. A p-value of <0.05 was considered statistically significant for all analyses.
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Figure 3. A. 35-year-old female complains about ptotic breast and empty upper pole, underwent mastopexy with augmen-
tation, preoperative and postoperative 3D simulation image. B. 35-year-old female complains about ptotic breast and empty
upper pole, underwent mastopexy with augmentation, actual preoperative image. C. 35-year-old female complains about
ptotic breast and empty upper pole, underwent mastopexy with augmentation, postoperative first-year clinical image.

The correlation between preoperative simulation ratings and postoperative satisfaction scores was
assessed using Spearman’s rank correlation coefficient. Additionally, subgroup analyses were conducted
to compare satisfaction levels across different surgical procedures.

For variables with statistically significant intergroup differences in the Kruskal-Wallis test, post-hoc pairwise
comparisons were performed using the Bonferroni correction to identify the source of the differences.

Compliance with ethical standards

This study received formal ethical approval from the Yeditepe University Non-Interventional Clinical
Research Ethics Committee (Approval No: E.83321821-805.02.03-733). All procedures complied with insti-
tutional ethical standards and the Declaration of Helsinki. Written informed consent was obtained from
all participants prior to their inclusion in the study. Patients were informed about the study objectives,
the use of their anonymized data for research purposes, and their right to withdraw from the study at
any time without any consequences regarding their medical care.

Results
Surgical data

A total of 75 patients were evaluated at the one-year postoperative follow-up (overall mean age: 36years;
range 18-55). Procedure-specific operative details for all five groups - rhinoplasty, breast augmentation,
breast reduction, mastopexy, and augmentation-mastopexy - are summarized in Table 1.
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Figure 4. A. 34-year-old female complains about ptotic breast, underwent mastopexy, preoperative and postoperative
3D simulation image. B. 34-year-old female complains about ptotic breast, underwent mastopexy, actual preoperative
image. C. 34-year-old female complains about ptotic breast, underwent mastopexy, postoperative first-year clinical
image.

Survey outcomes

When evaluating the influence of 3D simulation alone on the decision to undergo surgery, the mean
influence scores were 7.6/10 for rhinoplasty patients, 8.4/10 for breast augmentation patients, 3.8/10 for
breast reduction patients, 7.1/10 for augmentation-mastopexy patients, and 6.6/10 for mastopexy patients
(p<0.001) (Figure 5). When combined with other factors (communication with the surgeon, previous
patient photos, opinions of other patients), the most influential factors in the decision-making process
were previous patient photos (30.7%, n=23) and communication with the surgeon (29.3%, n=22). Overall,
18.7% (n=14) of patients found the simulation to be a key factor in their decision. The group most
influenced by simulation was breast augmentation patients, with 35% (n=7) identifying it as the most
influential factor. Conversely, none of the breast reduction patients (n=0) considered the simulation to
be an influential factor. Instead, 46.7% (n=7) of breast reduction patients indicated that communication
with their surgeon was the most important factor (Table 2).

When comparing postoperative results with the simulation images, patients rated the similarity
between their surgical outcomes and the simulations as follows: breast augmentation patients rated it
7.9/10, rhinoplasty patients 7.5/10, augmentation-mastopexy patients 7.0/10, breast reduction patients
6.5/10, and mastopexy patients 6.3/10 (p<0.001) (Figure 6). When asked if they would recommend a
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Table 1. Surgical data.
Procedure Total patients Average age (Min—-Max) Surgical techniques and details

Rhinoplasty 20 26.4 (18-54) « Open structural rhinoplasty
+  Spreader flap in all cases
«  Spreader grafts (n=9)
+  Septoplasty (n=13)
« Inferior turbinate lateralization in all
+  Osteotomies:
- Low-to-low lateral (n=20)
- Median oblique (n=12)
- Transverse (n=38)
Breast augmentation 20 29.2 (22-45) + Implant-based augmentation
- Mentor Siltex® XTRA (n=14)
+  Motiva Ergonomix™ SmoothSilk (n=6)
«  Average implant volume: 335cc (range 200-455)
+ Dissection plans:
- Dual-plane | (n=1)
- Dual-plane Il (n=10)
- Dual-plane Il (n=7)
- Subfascial (n=2)
Breast reduction 15 51 (19-55) - Inverted T-incision
+  Pedicle type:
- Superomedial (n=11)
- Inferior (n=4)
«  Excision material:
- Right: 479g (range 313-1014)
- Left: 4859 (range 302-1028)
+  Pre-op SN-Nipple Distance:
- Right: 33.4cm (range 25-39.5)
- Left: 33.1cm (range 25.1-39)
+  Planned distance: 20.1cm (range 19-22)
Augmentation mastopexy 10 42 (23-53) + Inverted T-incision, Superior Pedicle
. Mentor Siltex® XTRA (n=8)
+  Motiva Ergonomix™ SmoothSilk (n=2)
«  Average implant volume: 278 cc (range 245-285)
+  Pre-op SN-Nipple Distance:
- Right: 23.5cm (range 22.5-25)
- Left: 23.3cm (range 21.5-25)
+  Planned distance: 19.8cm (range 19-20)
+ Dissection plans:
- Dual-plane Il (n=3)
- Dual-plane Il (n=5)
- Subfascial (n=2)
Mastopexy without implants 10 39 (19-46) + Inverted T-incision (n=8), Vertical incision (n=2)
«  Pedicle type:
- Superomedial (n=3)
- Superior (n=7)
+  Excision material:
- Right: 98g (range 52-128)
- Left: 102g (range 56-129)
«  Pre-op SN-Nipple Distance:
- Right: 24.6cm (range 20-26)
- Left: 24.8cm (range 20.1-26)
+ Planned distance: 19.4cm (range 19-20)

clinic offering 3D simulation to others considering surgery, 70.7% (n=53) of all patients responded affir-
matively. The highest recommendation rate was among breast augmentation patients (85%, n=17), fol-
lowed by rhinoplasty patients (75%, n=15). The lowest recommendation rate was observed in breast
reduction patients (53.3%, n=38) (Table 3).

When excluding rhinoplasty patients, 67.3% (n=37) of the remaining patients stated that the availabil-
ity of VR glasses, in addition to the simulation, would have made their decision easier (Table 4). However,
after using VR glasses, 58.2% (n=32) reported that the VR experience did not influence their decision
(Table 5).

Post-hoc Bonferroni analyses were conducted to identify the sources of significant intergroup differ-
ences. For patient age, significant pairwise differences emerged between rhinoplasty and mastopexy,
rhinoplasty and augmentation-mastopexy, rhinoplasty and breast reduction, breast augmentation and
augmentation-mastopexy, breast augmentation and breast reduction, and mastopexy and breast reduc-
tion groups. For the influence of preoperative 3D simulation on the decision to undergo surgery,
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Figure 5. The line chart of ‘Impact of 3D Simulation on Surgical Decision-Making'

Table 2. Decision factors.

Breast
Factor influencing Rhinoplasty augmentation Breast reduction Augmentation Mastopexy
decision Total (n=75) (n=20) (n=20) (n=15) mastopexy (n=10) (n=10)

Communication with 22 (29.3%) 5 (25%) 3 (15%) 7 (46.7%) 4 (40%) 3 (30%)
surgeon

Previous patient 23 (30.7%) 7 (35%) 6 (30%) 4 (26.7%) 2 (20%) 4 (40%)
photos

3D Simulation images 14 (18.7%) 2 (10%) 7 (35%) 0 (0%) 3 (30%) 2 (20%)

Opinions of other 16 (21.3%) 6 (30%) 4 (20%) 4 (26.7%) 1 (10%) 1 (10%)
patients

~ ®
(S5} o
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Figure 6. The line chart of ‘Comparison of Postoperative Appearance with Preoperative 3D Simulation Images.
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Table 3. ‘As a Patient who underwent surgery after seeing the 3D simulation result, would you recommend a clinic
without 3D simulation to a close friend considering this surgery?

Breast
Rhinoplasty Breast Augmentation Reduction Augmentation Mastopexy
Total (n=75) (n=20) (n=20) (n=15) Mastopexy (n=10) (n=10)
| would not 53 (70.7%) 15 (75%) 17 (85%) 8 (53.3%) 7 (70%) 6 (60%)
recommend,
seeing the result
is important
3D simulation is not 22 (29.3%) 5 (25%) 3 (15%) 7 (46.7%) 3 (30%) 4 (40%)
a must, | would
recommend

Table 4. ‘If you had the chance to see your surgical result using a virtual reality headset in addition to the simulation
during the preoperative consultation, what would you think?’

Breast augmentation Breast reduction Mastopexy with Mastopexy without
Response Total (%) (n=55) (n=20) (n=15) implants (n=10) implants (n=10)
| would have decided 37 (67.3%) 16 (80%) 7 (46.7%) 7 (70%) 7 (70%)
more easily
It would not have 18 (32.7%) 4 (20%) 8 (53.3%) 3 (30%) 3 (30%)
affected my
decision

Table 5. 'Did the virtual reality (VR) simulation make it easier for you to decide compared to the traditional 3D
simulation?’

Breast augmentation  Breast reduction Augmentation-mastopexy
Total (n=55) (n=20) (n=15) (n=10) Mastopexy (n=10)
Yes, it made my 23 (41.8%) 8 (40%) 6 (40%) 5 (50%) 4 (40%)
decision easier
No, it did not affect 32 (58.2%) 12 (60%) 9 (60%) 5 (50%) 6 (60%)
my decision

differences were primarily driven by breast reduction patients compared with mastopexy,
augmentation-mastopexy, rhinoplasty, and breast augmentation groups. Finally, for the similarity scores
between simulated and postoperative outcomes, significant pairwise differences were identified between
mastopexy and rhinoplasty, mastopexy and breast augmentation, breast reduction and rhinoplasty,
breast reduction and breast augmentation, and augmentation-mastopexy and breast augmenta-
tion groups.

Spearman’s rank correlation analysis revealed no significant association between preoperative simula-
tion influence scores and postoperative satisfaction (p=0.387).

Discussion

With advancing technology, aesthetic surgery patients increasingly seek more detailed information
regarding their postoperative appearance. Three-dimensional (3D) imaging systems have become an
essential tool in preoperative consultations, helping patients visualize potential surgical outcomes and
facilitating shared decision-making. In procedures such as rhinoplasty, breast augmentation, and
augmentation-mastopexy, these technologies contribute significantly to setting realistic expectations
and improving patient satisfaction [1].

In our study, we found that 3D simulation had a substantial impact on decision-making in rhinoplasty,
breast augmentation, and augmentation-mastopexy patients, whereas its effect was limited in mastopexy
and breast reduction patients. Similarly, Hammond et al. reported that 62% of breast augmentation
patients found 3D simulation beneficial in making surgical decisions [10]. Additionally, Mehta et al.
demonstrated that computer-generated images enhance patient-surgeon communication and trust, rein-
forcing the importance of these technologies in the preoperative phase [12]. De Runz et al. also noted
that 93% of breast augmentation patients found 3D simulation helpful in implant selection, and 97%
believed it should be a standard part of the consultation process [13].
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However, despite its advantages, our findings indicate that no patient group relied solely on 3D sim-
ulation for their decision. The two most influential factors in decision-making were communication with
the surgeon (29.3%) and reviewing previous patient photos (30.7%). Hammond et al. similarly reported
that 88% of patients emphasized the importance of direct communication with their surgeon, while
before-and-after photos were among the least decisive factors [10]. This discrepancy may stem from
sociocultural variations in patient expectations—patients in our study tended to assume that if another
patient’s result was satisfactory, theirs would be as well. Similarly, traditional sizing bras are still consid-
ered useful in breast augmentation consultations [13].

In our study, breast augmentation and augmentation-mastopexy patients found the simulation most
useful, further confirming that visualizing implant outcomes is crucial in decision-making. Conversely, no
breast reduction patient (0%) considered simulation an effective tool, likely because their primary moti-
vation was not aesthetic enhancement but functional improvement. Markovic et al. similarly concluded
that breast reduction patients prioritize relief from physical discomfort, such as back pain and dermato-
logical issues, over aesthetic considerations [14]. It is important to acknowledge that patient motivations
differ substantially between procedures. While breast reduction patients were primarily motivated by
functional concerns such as pain relief and improved quality of life, rhinoplasty patients were predomi-
nantly driven by aesthetic expectations. This divergence may explain why simulation was less influential
in the breast reduction group compared with rhinoplasty patients.

Beyond assisting in decision-making, 3D simulation plays a crucial role in identifying patients with
unrealistic expectations [15]. However, surgeons must be cautious when presenting simulated images, as
unrealistic or exaggerated representations can lead to postoperative dissatisfaction. It is critical to empha-
size that these images are only predictive estimates, not guarantees [3].

When comparing actual postoperative results with simulated images, the highest satisfaction levels
were observed in breast augmentation (7.9/10), rhinoplasty (7.5/10), and augmentation-mastopexy
(7.0/10) patients. However, breast reduction (6.5/10) and mastopexy (6.3/10) patients reported lower sat-
isfaction scores (p<0.001). This aligns with previous findings that simulations are less precise in larger or
ptotic breasts due to difficulty in distinguishing between glandular and fatty tissue [14]. Another limita-
tion of the Crisalix system is its reduced accuracy in patients with ptotic breasts or significant asymmetry,
where predictive imaging may not reliably correspond to postoperative outcomes. This may further
explain the lower similarity ratings observed in mastopexy and reduction groups. Kwong et al. further
confirmed that Crisalix’s accuracy improves as breast size decreases, supporting our findings [16].
Additionally, the normal postoperative ptosis process in breast reduction and mastopexy patients may
explain why the similarity between the simulation and actual result was lower [14]. Vorstenbosch et al.
demonstrated that breast augmentation simulations yield better results in symmetrical breasts than in
tuberous or ptotic cases, a pattern that was also evident in our study [17]. Because all simulations were
performed on a single platform, these similarity ratings should be interpreted as the accuracy of a stan-
dardized Crisalix workflow rather than as a software-agnostic measure. Different rendering engines, algo-
rithms, and user interfaces could plausibly yield non-identical visualizations and, by extension, patient
perceptions. Future studies should therefore include prospective, head-to-head comparisons across plat-
forms. Another factor to consider is the socioeconomic aspect of adopting 3D simulation technologies.
While all patients in this study had access to simulation as part of their preoperative package, the addi-
tional cost of such systems may limit their availability and influence in broader clinical settings.

The reduced influence of simulation in the breast reduction group appears to be shaped by multiple
contributing factors. Although this group had a higher mean age, suggesting that older patients may
rely less on digital visualization tools, this cannot be confirmed statistically in our cohort because age
and procedure type were closely linked. Moreover, simulation accuracy is inherently higher in breast
augmentation, where Crisalix performs optimally, than in reduction or mastopexy procedures. Therefore,
the lower impact of simulation in older patients may reflect both the type of surgery and patient demo-
graphics rather than age alone. This trend should be interpreted as a multifactorial observation rather
than a definitive generational effect. This interpretation aligns with Arima et al's findings, which showed
that patients under 30 had lower satisfaction rates than older individuals, suggesting that simulations
could play a more significant role in refining expectations for younger demographics [18]. Although



COMPUTER ASSISTED SURGERY 11

Khansa et al. noted that dissatisfaction was higher among male rhinoplasty patients, this could not be
evaluated in our study as there were no male participants [19].

Despite varying degrees of influence, most patients (70.7%) stated they would recommend a clinic
offering 3D simulation, with breast augmentation (85%) and rhinoplasty (75%) patients being the stron-
gest advocates. This suggests that, regardless of its limitations, 3D simulation is becoming an increasingly
valuable component of aesthetic surgery consultations.

Interestingly, although VR headsets were found intriguing by most patient groups, they did not sig-
nificantly influence decision-making. Unlike simulation, VR currently serves more as a supplementary
engagement or marketing tool rather than a decisive factor in patient choice. Nevertheless, with techno-
logical advancements and broader adoption, its role in surgical consultations may expand in the future.

The studies in the literature have independently examined the significance of 3D simulation in terms
of patient satisfaction in rhinoplasty and breast augmentation patients [11,15]. The strength of our study
lies in its inclusion of a broader spectrum of aesthetic procedures, encompassing multiple patient groups
rather than focusing on a single intervention. This comprehensive approach provides a more holistic
understanding of the role of 3D simulation across various aesthetic surgeries.

This study has several limitations. The overall sample size was relatively small, and the distribution
among surgical groups was uneven, which may affect the generalizability of the findings. In addition, no
control group was included, and only female patients were enrolled, further limiting external validity. The
use of a single 3D simulation software (Crisalix) preserves internal validity but restricts external validity,
as our results may not generalize to other platforms or workflows. Moreover, patients with primarily
functional motivations, such as those undergoing breast reduction, may have been less influenced by
simulation compared with patients seeking aesthetic improvement, such as rhinoplasty cases. Finally,
younger patients appeared more influenced by simulation than older patients, but this observation
requires confirmation in larger cohorts. Although the questionnaires were adapted from previously vali-
dated scales, formal psychometric testing (e.g. Cronbach’s a) was not performed in our cohort, which
may limit the internal consistency assessment of the survey instruments. These limitations underscore
the preliminary nature of our findings. Despite these limitations, we believe that our findings contribute
to the existing literature and serve as a valuable reference for future studies aiming to refine and expand
the role of 3D simulation in aesthetic surgery.

Conclusion

As technology continues to evolve, simulation systems are becoming essential tools in aesthetic surgery.
While they enhance preoperative consultations and help manage patient expectations, their role should
be seen as complementary rather than a replacement for the patient-surgeon trust relationship, which
remains the cornerstone of decision-making and satisfaction.

Our study highlights the growing significance of simulation technologies and provides insights into
their practical applications. These findings contribute to the literature and may guide future research in
optimizing their use in aesthetic surgery.
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