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Abstract

Background. The way in which patient education is delivered during clinical 

consultations can have an impact on cognitive and emotional outcomes in patients. 

3D printing and imaging can be used in patient education to improve understanding 

of the information and satisfaction with care. This scoping review sought to explore 

the psychological impact of using 3D models in patient education. Methods. 

Searches were conducted in PsycINFO, PsycARTICLES, PubMed, Medline and Cinahl. 

Levac et al.’s enhanced version of Arksey & O’Malley’s methodological framework 

for conducting scoping reviews, and the PRISMA-ScR, were used to guide the 

screening and identification of relevant studies. Studies were included if they 

investigated the effect of using 3D models in patient education and explored 
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psychological outcomes. Both quantitative and qualitative research were included. 

Results. Eleven studies were included in the review, including 2 qualitative studies. 

3D models were most often used in educational consultations preceding a surgical 

procedure (n = 9). Psychological outcomes assessed were anxiety, quality of life, 

distress relief, and decisional conflict. The results were mixed, showing that using 

3D models can have a positive as well as negative effect on psychological outcomes 

such as fear and disempowerment. Conclusions. Using 3D models in patient 

education has the potential to improve patient anxiety and other psychological 

outcomes. However, more research is required to identify which patients and types 

of consultations 3D models are most useful for. For example, appointments 

involving important decision-making may benefit from the inclusion of 3D models. It 

is also essential to consider the communicative approach of the healthcare 

professional in the delivery of patient education with 3D models, as this factor is key 

to the outcomes of shared decision-making.

Keywords: 3D technology; patient outcomes; anxiety; patient-health care 

professional communication; patient education.

Introduction

Receiving information from a healthcare professional, whether relating to a newly 

diagnosed condition or plans for a treatment like surgery, can evoke a significant 

amount of anxiety in patients. Patient understanding of the presented information is 

not always prioritised and consultations can leave patients feeling dissatisfied and 

with questions left unanswered [1]. Anxiety levels during clinical consultations can 

be particularly elevated amongst populations facing a life-threatening illness such 

as cancer, with an estimated 10-50% of cancer patients experiencing high anxiety 
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in these consultations [2]. Effective communication around diagnosis and treatment 

planning is essential for reducing patient anxiety and improving patient wellbeing.

Patient education includes the provision of information about a diagnosis or about a 

surgical procedure. The way in which such education is delivered can affect 

psychological outcomes [3]. Education may be delivered in a written format, or a 

digital format using images or scans and may be conducted via a consultation with 

a health care professional face to face or using telephone or telemedicine [3,4]. The 

provision of key information relating to the patient’s health and treatment pathway, 

delivered in a way which prioritises patient understanding and satisfaction, has the 

potential to improve cognitive and affective psychological outcomes such as 

anxiety, depression, and negative thinking [5,6].

Evidence shows that patient education using CT (Computed Tomography), or MRI 

(Magnetic Resonance Imaging) images can be most effective for giving an accurate 

representation of the anatomy and physiology of a medical issue [7]. However, this 

involves the presentation of complex medical information which patients do not 

always find easy to understand [8]. Three-dimensional (3D) models offer an 

alternative method for presenting such medical information to patients. This 

approach involves the creation of virtual or physical 3D objects from two-

dimensional images of anatomical structures [9], which has the potential to aid 

patient understanding, providing clearer and often personalised representations of a 

medical issue [10].

There is a wealth of literature demonstrating how 3D models may be used to 

increase patient understanding and satisfaction, particularly in research on 

urological conditions affecting the kidneys, bladder, or prostate [11–16]. Much of 

the literature on 3D modelling in healthcare also focuses on its use in training 
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health professionals and surgical planning [17–20]. Given that psychological 

outcomes such as anxiety can be significantly affected by the quality of medical 

consultations, it is surprising to find that, while 3D models have been trialled as a 

patient education tool with a variety of patient groups, there is a scarcity of 

research investigating the effect of using 3D models on psychological outcomes.

As the literature on this topic is sparse, a scoping review was deemed the most 

appropriate methodology, as it allowed for a wide-ranging approach to address the 

aim of this review, which was to identify relevant studies which explore the effect of 

using 3D models in patient education on psychological outcomes.

Methods

Levac et al.’s [21] enhanced methodology for using Arksey & O’Malley’s [22] 

framework was employed for this scoping review. This methodology offers 

recommendations for enhancing the original five stages of the framework: 1) 

identifying the research question, 2) identifying relevant studies, 3) study selection, 

4) charting the data, and 5) collating, summarising, and reporting the results. The 

Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for 

Scoping Reviews (PRISMA-ScR) Checklist [23] was also consulted in the process of 

clarifying the research question and identifying relevant studies.

Stage one: Identifying the research question

In order to clarify the focus of the review and build an effective search strategy, the 

research question considers a predetermined concept, target population and health 

outcome, that is, 3D models for patient education, patient populations, and 

psychological outcomes. Studies were sought which utilised 3D technology in the 
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form of printed or physical 3D models, digital 3D models (computer-generated 

images shown on a screen), or Virtual Reality (VR) models. Preliminary scoping of 

the literature showed that 3D models have been investigated in a range of patient 

populations, and therefore we did not choose to focus on any specific patient or 

disease group. We also sought to include studies which had investigated any 

psychological outcomes, as the literature on this topic is yet to be summarised in a 

review. PRISMA-ScR was used to further articulate the research objectives, inclusion 

criteria and search terms. The following search strategy was used (this version 

formatted for use in the PubMed database):

(surgery OR surgical OR operati*) AND ((3D OR 3-D OR "3 dimension*" OR three-

dimension* OR "three dimension*") AND (imaging OR modelling OR printing)) AND 

("patient education" OR "surgical education" OR "patient counselling" OR "patient 

teaching" OR "patient learning" OR "patient information" OR "health knowledge" OR 

"health literacy")

Stage two: Identifying relevant studies

The research team worked together to screen the identified studies for relevant 

literature. At first, the search strategy included keywords “anxiety” and 

“depression”, but the number of studies identified was extremely low, so an 

iteration was made to exclude specific psychological keywords to avoid missing 

relevant studies. Both quantitative and qualitative studies were included to capture 

the breadth of studies to answer the research question. The following databases 

were used to search for literature: PsycINFO, PsycARTICLES, PubMed, Medline and 

Cinahl. Searches were conducted in August 2024 and were not limited by 
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publication date. Identified studies were then imported into the Rayyan software 

(available at https://www.rayyan.ai/) and duplicates were removed.

Stage three: Study selection

Two of the research team (KM and SL) worked together in Rayyan to screen the 

identified studies and make decisions on which studies were relevant. Studies were 

included if they reported on the use of either physical 3D models, digital 3D models, 

or VR models, if these models were used for patient education, and at least one 

psychological outcome was measured. Articles were excluded if they did not provide 

primary evidence (e.g., protocols or reviews), they only measured patient education 

and/or patient satisfaction but no other psychological variable, or they were 

reported in languages other than English. The titles and abstracts of 482 studies 

were screened initially and 366 were excluded as they did not meet the inclusion 

criteria. The full texts of the remaining 116 studies were then assessed against 

inclusion criteria, with a total of 11 studies being included in the review. The second 

reviewer (SL) screened 25% of the total number of studies at both the title and 

abstract stage and the full-text stage to ensure that decisions were made in line 

with the overall purpose of the review. Reference lists of key papers were also 

screened, and any relevant studies added. The team met regularly to discuss and 

resolve any queries. A full outline of the identification process can be seen in Figure 

1.

Stage four: Charting the data

The first author (KM) created a chart including the following information "Authors; 

Year of publication; Study design; Type of surgery or condition; Sample size; 
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Participant demographics; Country of study; Description of 3D models used; 

Psychological outcomes measured and whether the results were positive or 

negative; Relevant qualitative data (if reported).”

SL and GO reviewed the data chart to ensure that the data extraction process was 

consistent with the objectives of the review. The final list of psychological outcomes 

was as follows: anxiety, quality of life, self-efficacy, distress, and decisional conflict. 

Extracted qualitative data included primary data (participant quotes) and secondary 

data (author’s interpretations).

Stage five: Collating, summarising, and reporting the results

Quantitative results were collated and summarised in a numerical summary table 

and psychological constructs were extracted from the qualitative data and 

presented in a table. A narrative descriptive summary was written to explain what 

the collated findings mean in relation to the research question and what the 

implications of this review are for future research and clinical practice.

Results

Study characteristics

Eleven studies were identified as being relevant for the review. The included studies 

were published between 2016 - 2023 and primarily conducted in the USA [24–29], 

but also Germany [30], China [31], the UK [32], Korea [33], and the Netherlands 

[34]. The total sample across studies was 405 and included patients undergoing 

surgeries [24,25,27–30,32–34], patients diagnosed with benign paroxysmal 

positional vertigo [26], and patients diagnosed with urological issues [31]. Five 
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studies used randomised controlled trials (RCTs) [25,26,28 (with only post-

intervention measure),30,31 (with only post-intervention measure)], and there were 

also two qualitative studies [32,34], one case report (with pre- and post-intervention 

measurement) [33], one feasibility study (one group receiving personalised 3D 

model with pre-post intervention measures) [29], one pilot study (with pre-post 

intervention measures) [24], and one prospective pilot study (with post-intervention 

measurement only with no control group) [27]. McDonald and Shirk [27] 

investigated the use of 3D models in both telehealth and in-person consultations. In 

the case of qualitative studies, only patient related quotes and authors’ 

interpretations have been analysed. See Table 1 for full details on study 

characteristic

Table 1
Characteristics of the included studies
Author(s)/ye
ar and 
country

Patient population 
Sample size (N)
Age (Mean or 
median (SD or 
range or %)
Sex n (%)

Study design and
3D model type

Measures if applicable 
and key findings

Limitation

Benson et al. 
(2022) – USA 
[24]

Patients undergoing 
surgical resection for 
lung cancer

Intervention group 
(N==22):
Age: 66.5 (62-74)
7 males (31.8) 
15 females (68.2)

Control group (N = 
26):
Age: 69 (58-72)
10 males (38.5)
16 females (61.5)

Pilot pre-post intervention study 
(2 groups and no control group).
 
Groups: Multimedia intervention 
(ME) or standard preoperative 
education 

Digital 3D models (had generic 
and personalised elements) as 
part of a multimedia educational 
platform that include video 
tutorials and patient radiology 
images).

Participants also received all the 
annotated 3D models and 
personalised scan images as a 
printed copy for their records.

Primary outcomes: Lung 
cancer knowledge, quality of 
life (measured by FACT-L.), 
patient satisfaction. 
Health literacy (eHealth 
literacy) was also measured.

No difference in quality of 
life between groups.
Additionally, no difference in 
knowledge scores and nor 
eHealth literacy.
ME group had higher 
satisfaction compared to 
standard education.

Could be under-powered as it 
was a pilot study with no power 
calculations.
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Author(s)/ye
ar and 
country

Patient population 
Sample size (N)
Age (Mean or 
median (SD or 
range or %)
Sex n (%)

Study design and
3D model type

Measures if applicable 
and key findings

Limitation

Biro et al. 
(2019) – USA 
[25]

Patients undergoing 
Mohs micrographic 
surgery (MMS) for 
removal of non-
melanoma skin 
cancer 

Intervention group (N 
= 42):
Age: 67.83 (11.34)
Sex:
24 males (57.14)
18 females (42.86)

Control group (N = 
40): 
Age 67.83 (12.89)
Sex:
25 males (62.5)
15 females (37.5)

RCT (2 groups, pre and post 
measurements). 

Groups: Mohs micrographic 
surgery (MMS) model plus 
standardised education (SE) or 
SE alone.

Printed generic 3D model

The SE group received verbal 
counselling from a standardized 
script about the MMS procedure 
(5 minutes) and the MMS group 
received SE as well generic 
printed 3D model of the skin and 
tumour.

Primary outcome: Anxiety 
measured by STAI and VAS.
Secondary outcomes: 
patient understanding and 
satisfaction.

Both groups had reduced 
anxiety (VAS and STAI).
Reduction in anxiety was 
significantly greater for the 
intervention group. The 
difference in anxiety 
reduction between the two 
groups approached 
statistical significance (P 
= .052) on the VAS scale 
and there was no difference 
on STAI. 

Mixed findings with regard 
to impact of 3D printed 
models on anxiety.

Power analysis has been 
conducted but could be under-
powered (reached 91.1% 
intended sample size).

Baseline anxiety was not as 
high as anticipated.

Fontenot et al. 
(2023) - USA 
[26]

Patients with benign 
paroxysmal positional 
vertigo
Experimental group 
(N = 8)
Age: 49.4 (15.0)
1 male (12.5)
7 females (87.5)

Control group (N = 8)
Age: 43.3 (12.9)
3 males (37.5)
5 females (62.5)

Single centre RCT (2 groups, pre- 
and post-intervention 
measurements). 

Groups: Experimental (3D 
printed generic vestibular model 
and standardised verbal 
education) or control 
(standardised verbal education)

Patient understanding of 
illness aetiology; comfort 
level with symptom 
prevention; anxiety related 
to knowledge (measured by 
“Does your current level of 
knowledge regarding your 
dizziness cause you to feel 
any stress or anxiety?”).

Authors state that the mean 
decrease in anxiety related 
to symptoms was 1 in 3D 
model and .13 in control 
group which was significant.

Small sample size (no effect 
size reported).
Anxiety is measured with one 
item and in relation to 
knowledge about condition 
developed for the purpose of 
study therefore not possible to 
compare findings across 
studies. Confusion in article 
regarding what anxiety item 
measured (knowledge or 
symptoms).

Grab et al. 
(2023) – 
Germany [30]

Patients undergoing 
cardiac surgery
N = 99 

Age:
Printed 3D models (N 
= 34):
66.15 (10.06)

RCT (3 groups, 3 assessments at 
pre- and post- education and at 
least 1 week after surgery or at 
discharge). 

Groups: standardised paper-
based; generic 3D printed 
models for different surgical 

Primary outcome: Anxiety 
measured by Visual Analog 
Scale (VAS, 1-10) and State-
Trait-Anxiety-Inventory 
(STAI) – both state and 
anxiety scores. STAI-Trait 
was measured 1 week after 
surgery)
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Author(s)/ye
ar and 
country

Patient population 
Sample size (N)
Age (Mean or 
median (SD or 
range or %)
Sex n (%)

Study design and
3D model type

Measures if applicable 
and key findings

Limitation

VR models (N = 31):
65.97 (8.02)

Control (N = 34)
62.94 (13.94)

Sex:
Printed 3D models:
29 males (85.29)
5 females (14.71)
 
VR models:
26 males (83.87)
5 females (16.13)

Control:
32 males (94.12)
2 females (5.88) 

options; generic virtual reality 
(VR) for different surgical 
options).

Secondary outcomes: 
procedural understanding 
and patient satisfaction.

The only statistically 
significant reduction in 
anxiety observed VR model 
group which showed 
significant reductions in VAS 
score (not in STAI),
Control group and the 3D-
printed model group only 
showed slight, non-
significant reductions in VAS 
anxiety.
STAI scores were slightly 
reduced for the control 
group and slightly increased 
for the 3D-printed group, 
but neither change was 
significant.
No significant differences in 
the Trait-Anxiety-Score in 
groups when measured at 
least one week after 
surgery.

Hu et al. 
(2016) – China 
[31]

Patients with 
urological issues 
N =  240
Experimental group 
(N = 120)
Age: 
18-32 years old - 20 
(16.67%), 
33-47 years old - 35 
(29.17%), 
48-62 years old - 39 
(32.5%), 
63 years old - 26 
(21.67%)

Sex:
80 males (66.7) 
40 females (33.3)

Control group (N = 

RCT (2 groups, single time point 
measurement- only immediately 
post-intervention assessment). 

Groups: 3D generic printed 
model or ‘pictures-based 
communication’ using the 
model-design pictures explaining 
testing, cause and diagnosis, 
treatment and effects, side 
effects and risks, and prognosis.

Medical Interview 
Satisfaction Scale (MISS): 
overall satisfaction; distress 
relief; communication 
comfort; rapport; 
compliance intent.

3D generic print group had 
significantly higher patient 
satisfaction, promoting 
patient distress, improving 
communication comfort, 
rapport, and complication 
intent compared to control 
group.

No pre-intervention 
assessment
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Author(s)/ye
ar and 
country

Patient population 
Sample size (N)
Age (Mean or 
median (SD or 
range or %)
Sex n (%)

Study design and
3D model type

Measures if applicable 
and key findings

Limitation

120)
18-32 years old - 14 
(11.67%), 
33-47 years old - 33 
(27.5%), 
48-62 years old - 36 
(30%), 
63 years old – 37 
(30.83%)

McDonald & 
Shirk (2023) – 
USA [27]

Patients undergoing 
renal mass treatment 
N = 47 (N = 35 
telehealth and N = 
12 in-person visits)
No information on 
age or sex

Prospective, single-arm cohort 
study (2 groups, single time 
point measurement post-
consultation). 

Groups: telehealth or in-person

Digital personalised 3D models 
showing their kidney, renal 
mass, and key adjacent 
structures were included in 
patient consultation visits as an 
additional tool for patient 
counselling.

Increased understanding of 
the condition and treatment 
options; reduction in anxiety 
(“The 3D model helped 
reduce my concern or 
anxiety about my condition 
or treatment.”; influence on 
treatment and physician 
choice and whether the 
addition of 3D model made 
the virtual consultation as 
effective as an in-person 
visit (1-5 Likert scale, high 
scores indicating higher 
understanding/higher 
reduction in anxiety).

Increased understanding of 
treatment options and 
decreased anxiety of the 
condition were reported. 
Having 3D models in 
telehealth visits were felt as 
making the visit as effective 
as an in-person visit.

Free-text themes showed 
better understanding of 
disease; more 
comfort/confidence in 
treatment; better 
visualisation of disease. No 
differences in outcomes 
between telehealth and in-
person groups.

No pre-consultation 
assessment.

No control group

Phelps et al. Patients with hip Qualitative (only data from Themes from patients Focus group participants 
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Author(s)/ye
ar and 
country

Patient population 
Sample size (N)
Age (Mean or 
median (SD or 
range or %)
Sex n (%)

Study design and
3D model type

Measures if applicable 
and key findings

Limitation

(2020) – UK 
[32]

injury 
(femoroacetabular 
impingement)
N = 14 (patients, 12 
of whom seen 3D 
images (7 of whom 
were shown other 
images as well) and 2 
only 2D images; N = 
4 health care 
professionals; N = 31 
lay representatives in 
6 focus groups, 9 of 
whom are from 
community patient 
groups shown a 
variety of images 
relating to hip injuries 
and cancer, and 
colonoscopy)

Patient participants:
Age:
20-29 years old - 4 
(28.6%), 30-39 years 
old - 2 (14.3%), 40-51 
years old - 8 (57.1%)

Sex:
9 males (64.3) 
5 females (35.7)

patients are used for this review)

Digital personalised 3D models 
(in addition to X-rays, MRI 
images, 2D CT images)

included:
The truthful image (as 
evidence and trust in 
image). ‘Overuse of 
imaging’ reported in focus 
group (not clear if data are 
from patients)
The empowering image 
(helping ‘make sense’ and 
communicate to family, 
friends, and employer; 
making decisions, and 
helping ‘moving forward’.
The unhelpful image: 
causing distress or 
disempowering

included community patient 
groups but not possible to 
disaggregate their data.

Rhu et al. 
(2022) – Korea 
[33]

A patient with liver 
cancer
N = 1
Age: 66
1 female 

Case report (pre and post 
measurements)

VR model of patient’s liver

Anxiety was measured using 
State-Trait Anxiety 
Inventory-X (STAI-X)-1 and 
STAI-X-2.
Knowledge of liver surgery 
and patient-specific 
information.

Both anxiety scores 
increased following VR 
session. Knowledge 
improved following VR 
session.

Case study. The conditions 
before and after the VR where 
measurements are taken are 
not consistent (e.g., presence 
of family member or not).

Sander et al. Patients undergoing RCT (2 groups, post-intervention Patient understanding of No pre-intervention 
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Author(s)/ye
ar and 
country

Patient population 
Sample size (N)
Age (Mean or 
median (SD or 
range or %)
Sex n (%)

Study design and
3D model type

Measures if applicable 
and key findings

Limitation

(2017) – USA 
[28]

sinus or nasal surgery
N = 100 
No information on 
sex or age (all over 
the age of 18)

measurement). 

Groups: Intervention (generic 3D 
printed model of the nasal sinus 
anatomy of a patient + standard 
information) or standard 
information (information on 
anatomy, disease, surgical 
options using 2D charts and 
verbal explanation)

anatomy, disease state, and 
surgical options; anxiety 
reduction (1 item “Did the 
explanation ease your 
anxiety?” yes; no; n/a).

Statistically significant 
difference between groups 
in terms of understanding 
items. No statistically 
significant difference 
between groups in terms of 
easing anxiety but 
agreement with the item 
was high in both control 
(91.4%) and 3D model 
group (97.5%). 

assessment

Averages reached ceiling score 
making it difficult to ascertain 
the true effect of 3D models.

Not clear whether it was 
powered adequately.

Santiago et al. 
(2021) – USA 
[29]

Women undergoing 
surgery for breast 
cancer
N = 25
Age: 48.8 (range 
28−72)

Feasibility (acceptability) study 
(1 group, pre and post 
measurements)

Personalised 3D printed model

Treatment-related decisional 
conflict (Decisional Conflict 
Scale)
Acceptability of 3D using 
Ottawa acceptability 
questionnaire

Significant reduction in 
overall decisional conflict 
and 4 out of 5 subscales – 
no difference in support 
subscale. Acceptability of 
personalised 3D printed 
models were high but 
emotional response was 
more variable

Feasibility study so no control 
group and no pre-consultation 
assessment.

van de Belt et 
al. (2018) – 
Netherlands  
[34]

Adult patients with 
glioma who 
underwent fMRI (N = 
11)
Age: 43.2 (11)

6 males (55)
5 females (45)

Qualitative interviews

Personalised 3D printed model

18 facilitators and 6 barriers 
were identified:
Coping and acceptance of 
the condition could be 
improved. Seeing the model 
might be an emotional 
experience especially in the 
early part of the treatment. 
Anger and fear ere 
mentioned. Seeing tumour 
as part of oneself, instead of 
something frightening. 

Not many patient quotes have 
been provided.
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Author(s)/ye
ar and 
country

Patient population 
Sample size (N)
Age (Mean or 
median (SD or 
range or %)
Sex n (%)

Study design and
3D model type

Measures if applicable 
and key findings

Limitation

Increased ability to 
communicate with 
neurosurgeon and family 
and friends are mentioned.

Summary of studies’ 3D features

The studies used different types of 3D models. Seven studies used printed 3D 

models [25 26 28-31, 34], four used digital 3D models [24,27,32], and two used VR 

models [30,33]. The models were used for patient education, either to aid education 

about an upcoming surgery, or education about a health condition (benign 

paroxysmal positional vertigo [26] or urological issues [31]). Five of the studies used 

3D models which had been personalised for each patient (e.g., created from the 

patient’s scans) [27, 29,32–34], and the remaining five studies used one generic 3D 

model for all patients [25,26,30,31] and one study had both generic and 

personalised elements [24].

Psychological outcomes

The most frequently assessed psychological outcome was anxiety [25–28,30,33], 

but studies also investigated quality of life [24], distress relief [31], and decisional 

conflict [29].Types of anxiety measures varied, with three studies using the State-

Trait Anxiety Inventory (STAI) [25,30,33], two using both a Visual Analogue Scale 

(VAS) [25,30], three adopting a single question they developed [26, 27,28] Two 
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studies found that education using 3D models significantly reduced anxiety among 

patients [26, 27], two studies found there to be mixed results [25,30], one study 

found that the intervention did not make any significant difference to anxiety levels 

compared to standard information using 2D charts [28], and one case study found 

that anxiety increased following the personalised VR intervention [33]. It should be 

noted that two studies that found reduction in anxiety used one item measures the 

authors developed: Fontenot et al.’s [26] study measured anxiety in relation to 

knowledge about the study specifically and McDonald and Shirk [27] measured 

reduction in anxiety about condition or treatment with no pre-intervention measure 

and therefore it is hard to compare these findings with others. In addition, the latter 

study compared the use of personalised digital 3D models in patients undergoing 

renal mass treatment either through telehealth or in-person appointments with no 

control group.

Interestingly, for both studies which used the STAI and VAS [25,30], the VAS but not 

the STAI showed anxiety to be reduced following education with generic 3D models 

in Grab et al.’s study [30; STAI score increased slightly albeit it was not statistically 

significant] and near statistically significant decrease in Biro et al.’s study [25] 

compared to the comparison group (education-based only). It should be noted that 

Biro et al.’s study was powered to detect differences in STAI anxiety and the study 

did not reach its recruitment goal (still 91.1% recruitment rate) and baseline anxiety 

was not as high as anticipated. Also, Grab et al.’s study comparing printed 3D 

(generic) and VR models found anxiety to be significantly reduced for patients in the 

VR models group but not for those who were in the printed 3D models group and 

only significantly when anxiety was measured by VAS (the decrease in STAI was not 

significant) [30].
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Benson et al [24] assessed the effect of using 3D models on quality of life 

(measured with the Functional Assessment of Cancer Therapy - Lung (FACT-L)) [24] 

and found no significant change in pre-post intervention and compared to standard 

education. It should be noted that this study used a personalised multimedia 

education platform that included digital interactive 3D model of lungs (personalised 

to each patient’s cancer with surgeon annotations) as well as video tutorials on lung 

resections. Therefore, the findings cannot be attributed to the impact of 3D digital 

model alone. The study assessing decisional conflict (using the Decisional Conflict 

Scale (DCS)) found this variable to be significantly reduced following the 

intervention (however, there was no control group as it was a feasibility study) [29].

In sum, three quantitative studies using printed 3D models reported positive results 

[26,29,31]. and two reported mixed results [25,30] and one reported no difference 

between intervention and standard information group with only post-intervention 

measure [28]. Of the three studies using digital models, only one showed reduction 

in anxiety [27; irrespective of consultations taking place using telehealth or in-

person], one showed no difference in quality of life between multimedia intervention 

and standard preoperative education [24] and one that used VR in a case study of 

one patient showed increase in anxiety [33]. Of the two quantitative studies using 

VR models, only one reported mixed results [30] and one detrimental effect on 

anxiety [33]. For those studies using personalised 3D models two reported a 

positive result [27, 29 on decisional conflict], one reported negative results [33]. 

And for the studies using generic 3D models, two positive results were reported [26, 

31 but no pre-intervention assessment], with the remainder showing mixed results 

[25, 30] and one showing no difference [28]. One study that had both generic and 

personalised elements had mixed results on quality of life [24].
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Anxiety and distress relief were also two key psychological constructs identified 

from the qualitative data extracted from the two interview studies [32,34]. The 

constructs identified were discussed as having the potential to be impacted either 

positively or negatively. For example, Phelps et al. [32] reported in a study with 

patients with hip injury that some found that viewing the digital personalised 3D 

models was empowering, with researchers reporting that:

“Three-dimensional images could empower patients, enabling them to make 

sense of their hip condition, make a decision about treatment, and move forward.” 

(p. 338)

In this study, one participant commented about the impact of the 3D model on their 

anxiety in a positive way:

“I am a bit more relaxed about treatment because being able to see it I 

understand it better so I am not maybe as anxious about it” (p. 340, [34]).

Phelps et al. [32] commented that the personalised models:

“....could evoke a sense of relief and reassurance for patients and could 

reduce their anxiety about treatment” (p. 340).

On the other hand, researchers also found that it could have the opposite effect:

“Images could potentially be unhelpful for some patients, causing distress 

and disempowering them” (p. 338)

This was reported especially when the image did not contain any known 

abnormality and there was nothing clear to see in the image.

Phelps et al. [32] reported that:

“One patient felt more anxious after viewing their image and the extent of 

their abnormality [...] Another patient hypothesized that their image may have 

made them more anxious should their condition have been more serious” (p. 340)
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van de Belt et al. [34] also reported mixed results among glioma patient 

when it comes to psychological impact of seeing 3D printed personalised 

representations of their brain tumour. The authors reported that the 3D model 

helped the participants understand their condition, treatment options and risks 

better with clearer understanding of the size and the location of the tumour than 

the 2D images. There was also improved communication reported with their 

neurosurgeon enabling of asking more questions as well as improved 

communication with friends and family by taking the model home. It was also 

reported that the models make it very realistic and therefore uncomfortable 

viewing. Anger and fear were also mentioned as negative effects of 3D printed 

models.

Discussion

This scoping review identified evidence for the use of 3D models in clinical 

consultations with a variety of patient populations, the majority of which were 

patients about to undergo surgery. Several psychological outcomes were assessed, 

the most common of which was anxiety which produced mixed results. Evidence for 

the effect of using 3D models on other psychological outcomes was limited, but 

quality of life, distress, and decisional conflict had also been explored in the 

literature, again with mixed results. As the evidence on different psychological 

variables was limited and the psychometric measures used lacked consistency with 

different distress measures showing different profiles, even for the larger subset of 

studies which measured anxiety, we were not able to make firm conclusions about 

the potential for 3D models to improve psychological outcomes.
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Printed 3D models were used in most studies. In some studies, these were 

individualised models, and in other studies a generic model was used for all 

patients. Printed models may allow for a better understanding of relevant anatomy 

and physiology compared with 3D images, as giving the ability to patients to 

manually interact with models can facilitate learning about the clinical anatomy of 

their condition [36]. This is shown to be the case for preoperative planning among 

surgical residents [37] and understanding may be improved among patients as well 

[11–16]. However, much less is known about how increased patient understanding 

impacts the patient’s emotional responses and subsequent thought processes, 

although the findings from this review suggest that anxiety, distress, and decisional 

conflict may be reduced. Psychological distress and anxiety are found to be 

associated with extended hospital stays, longer recovery times, and poorer 

functional outcomes following surgery [38,39], whilst decisional conflict is indicative 

of ineffective shared decision-making between patients and clinicians [40]. It is, 

therefore, clear that poor psychological outcomes following medical consultations 

have significant implications and there is a need to further explore the 

psychological effects of using 3D technologies with patients.

The most explored psychological outcome in the literature reviewed was anxiety. 

The prevalence of anxiety before surgery can be as much as 97% amongst patients 

[41]. It can have severe repercussions that can be both physical (higher 

postoperative pain and worsened physical function) and psychological (increased 

fatigue and depression, and lower quality of life) [42,43]. Heightened anxiety before 

surgery can also lead to prolonged hospital stays and higher analgesic consumption 

[41]. In addition, patient anxiety is not only experienced in consultations occurring 

prior to a surgery, but also in consultations regarding diagnosis and illness 
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management. We found research showing that 3D models have been used in both 

types of consultation.

An important influencing factor in the effectiveness of using 3D models to reduce 

patient anxiety may be the source of the anxiety. For patients facing surgery, this 

anxiety may be focused on the surgical process or postsurgical experience and 

outcomes [44], whereas for those receiving information about a diagnosis and 

prognosis of a condition, anxiety may be associated with feeling able to self-

manage, or with making important treatment decisions [45,46]. Awareness of the 

source of anxiety can be used to inform the appropriateness of using 3D models. 

For example, to address anxiety associated with self-management and decision-

making, consultations with 3D models can identify issues raising anxiety and lead to 

appropriate psychological interventions addressing relevant health beliefs and 

health behaviours can be put in place [47,48]. Conversely, patients with a high level 

of surgery-related anxiety facing an upcoming procedure may not benefit from 

exposure to 3D models or may wish to indicate their preference for receiving other 

forms of visual information (e.g., medical drawings or leaflets). Some of the studies 

we identified demonstrated that using 3D models can have an adverse effect by 

increasing rather than reducing anxiety, as the reality of the medical condition 

becomes “more real and frightening” [32, p. 340]. 3D models can be effective in 

reducing patient anxiety, but more exploration is needed into which patient groups, 

which types of consultations they are most appropriate for and when and how they 

can be incorporated into a consultation. It should also be noted that the difference 

in tools used to measure anxiety may also be an important factor in the findings 

reported here.
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Implications

This scoping review furthers our understanding of the utility of 3D models in clinical 

consultations in that they not only have the potential to enhance patient 

understanding and satisfaction but can also be used to decrease patient anxiety 

and distress and enable patients to make more informed choices about their 

treatment. The identified studies used mostly quantitative methodologies and 

future researchers need to carefully consider which distress measure they use. 

Further qualitative exploration would allow for a better understanding of the patient 

experience with 3D models and shed light on the barriers and facilitators to using 

3D models effectively in patient education and communication to have optimal 

outcomes for understanding and changing affective responses. Consideration must 

also be given to which patient populations would most benefit from 3D models. 

Much of the research in this space has been conducted in the field of urology [11–

16], with the use of 3D technology showing potential with this patient population. 

Learning more about the patient experience will be an essential next step towards 

integrating this technology into clinical practice.

When considering the effect of medical consultations on cognitive and affective 

psychological outcomes, another factor which must be considered is the role of the 

healthcare professional. The communication style of the healthcare professional can 

greatly influence patient outcomes. Communication that is warm, empathic, and 

supportive can significantly reduce patient anxiety [49] and research shows that 

brief and basic communication skills training can be effective at improving the 

performance of healthcare professionals [50]. In future research involving 

intervention with 3D models, clinician knowledge and use of empathic 

communication strategies should be considered, to investigate the mediational 
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influence of communication style on the effect of educational tools such as 3D 

models on patient outcomes.

Limitations

We were not able to produce a comprehensive overview of the cognitive and 

affective psychological outcomes of using 3D models in medical consultations due 

to the lack of evidence available, as well as the lack of studies using standardised 

outcome measurement, despite the employment of a rigorous, systematic approach 

to identifying relevant research [21]. We acknowledge that different keywords like 

‘modeling’ as well as ‘modelling’ and ‘additive manufacturing’ as well as ‘3D’ could 

have influenced the articles we found. Psychological outcomes other than anxiety 

were explored but the literature was sparse. Furthermore, the use of 3D models has 

been trialled in consultations with different purposes, including diagnosis of a 

condition, discussion of treatment options and preparation for a surgery. 

Clarification is needed on the types of patients and types of consultations for which 

3D models would be most appropriate.

Conclusion

This scoping review has demonstrated that 3D models can be an effective tool in 

patient education, particularly when printed models are used. As well as improving 

patient understanding and satisfaction, they can be used to reduce patient anxiety. 

Further exploration is needed to learn more about the patient perspective on 3D 

models (e.g., individualised versus generic), which can be achieved with qualitative 

methodologies, and through investigation of specific cognitive and affective 

processes underpinning optimal patient outcomes. The research in this area has 
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been conducted largely in isolation across a variety of medical fields, with a lack of 

standardised measurement and inconsistency across outcomes measured. 

Psychological outcomes may differ depending on the health condition being 

managed and the goals of the consultation, whether that is to support illness 

management or facilitate decision-making about treatments. Ultimately, medical 

consultations should prioritise the principles of shared decision-making; 1) working 

together, 2) discussing options, and 3) making informed choices, with patient 

wellbeing at the forefront [51]. Preliminary findings show that 3D technology has 

the potential to facilitate shared decision-making and significantly improve 

consultation outcomes and warrants further study.
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Figure 1. PRISMA flowchart of studies
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