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Women who received a diagnosis of breast cancer often report impairments in

physical and psychological wellbeing, even some years after treatments. Individual

awareness about physical changes, body image, and current sensations related

to their body is important to maintain a psycho-emotional balance. Virtual

reality, as an advanced human–computer interface, can be an e�ective tool

to improve breast cancer survivors’ abilities to know and manage their current

sensations related to their bodies. The present study protocol proposes a virtual

reality intervention aiming at promoting interoception and emotional wellbeing,

fear of cancer recurrence, and body perception in breast cancer survivors,

according to the three data collection times. Repeated-measure analysis of

variance (ANOVA) with between–within interaction will be performed. Expected

results include participants’ awareness of their internal feelings, the reduction

of negative emotions, and the management of symptoms related to the body,

clarifying characteristics for the e�ective implementation of VR psychological

intervention in the future.

KEYWORDS

virtual reality and interoception breast cancer survivors, body image, virtual reality,

interoception, wellbeing

Introduction

Body image (BI) is defined as the internal representation of one’s outward appearance

(Thompson et al., 1999), also including its related emotions and thoughts (Lewis-Smith

et al., 2018; Sebri et al., 2020). BI involves perceptual (e.g., accuracy in estimating one’s body),

affective (feelings and emotions), attitudinal (the degree of satisfaction related to one’s body),

cognitive (beliefs and thoughts), and behavioral (e.g., possible compensatory behaviors

enacted to achieve a satisfactory self-image) levels (Cash and Smolak, 2011). Considering

the malleability of the self [It is conceptualized as a function of social and cognitive contexts

demonstrating that mood can lead to temporary changes in the self (Markus and Kunda,

1986; Markus and Nurius, 1986).] and the motivation dynamics after cancer (Durosini

et al., 2021), significant and/or traumatic events (such as an oncological experience) can

affect BI strongly (Sebri et al., 2020). The literature highlights that women with previous

breast cancer experience may live with negative emotions that affect their quality of life

(Durosini et al., 2022) and develop a negative BI due to physical and psychological issues
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after diagnosis and oncological treatment and interventions (Maass

et al., 2015; Sherman et al., 2018). In BI evaluation, inner sensations

and related awareness play a relevant role. Particularly, breast

cancer survivors may perceive bodily sensations never felt before,

increasing interoceptive awareness, especially about the breast(s)

(Paterson et al., 2016). As a definition, interoception refers to

the ability to be aware of one’s internal sensations, such as

itching and hunger. The debate about the role of interoception

awareness and its impact on emotions is ongoing. On the one hand,

literature has stated that such awareness is important to regulate

internal states and maintain a psycho-emotional balance (Herbert

and Pollatos, 2012), promoting emotional regulation and positive

overall self-representation and self-appraisals. On the other hand,

being aware of interoception and its related inner sensation could

increase the focus on internal sensations as it is linked to the fear

of cancer recurrence. Controlling behaviors, such as constantly

looking for breast lumps, may frequently emerge increasing

negative emotions, such as distress and anxiety (Humphris and

Ozakinci, 2008). Thus, effective psychological intervention to

promote an effective awareness of the interplay between internal

and external sensations is crucial to increase recognition and

acceptance of the body and its related inner sensations after

illness, without increasing negative emotions (Raimo et al., 2021;

Sebri et al., 2022). In other words, increasing interoceptive

capacity can, therefore, support women in recognizing their

feelings and regulating related emotions (Reed et al., 2016;

Czamanski-Cohen et al., 2019). Additionally, following Higgins’

discrepancy theory (Higgins et al., 1985), the cognitive dissonance

between current and ideal self-images could induce concerns

and discomfort related to BI, with important consequences on

emotions (anxiety and depression in particular), quality of life,

and social relationships. Accordingly, the perception of the stigma

as a “patient” referring to illness characteristics could decrease

individuals’ empowerment, improving shame and social isolation

(Amini-Tehrani et al., 2021; Brunet and Price, 2021).

Virtual reality (VR), as a tool that allows users to experience a

sense of belonging with a body in a virtual world (virtual reality full

body illusion), is generally involved in promoting body awareness

and regulation of emotional wellbeing, especially in the eating

disorder fields (Slater et al., 2008; Serino et al., 2016; So et al.,

2022). Starting with the process of embodiment and the sense of

presence, users can, therefore, perceive their real and virtual bodies

simultaneously (Ventura et al., 2018). Such an experience of the

virtual body belonging is the result of the combination of visual

and tactile stimulations and individuals’ ability to identify their

own body (self-identification) that occupies a specific space (self-

location) and its related internal sensations (Haugstad et al., 2006;

Moussally et al., 2017; Nakul et al., 2020).

In accordance with the present theoretical framework,

it might be interesting to investigate the VR application

aiming at improving BI awareness and wellbeing in women

who received a cancer diagnosis. The overall purpose of

this research protocol was to implement a VR intervention

to improve interoceptive ability and emotional wellbeing

in breast cancer survivors. Specifically, the objectives of

the present protocol study are to evaluate the impact of

the following:

- Sensation manipulation to promote interoception awareness

and psychological wellbeing, positive self-appraisals, and

emotional regulation (reducing, for example, the fear of cancer

recurrence) through VR;

- A VR intervention on body awareness and negative body

sensations following illness, addressing interoceptive

sensations related to the body.

We expect that the present study focusing on VR intervention

may help women with a history of breast cancer to improve

their psychological wellbeing and awareness of inner sensations,

promoting better emotional regulation.

Methods

Participants

Women who have experienced breast cancer in the past and

that have completed cancer treatments will be included in this

study. Specifically, inclusion criteria are as follows: (a) adult women

(18 years and older); (b) women who have previously received a

diagnosis of breast cancer (stage I and II); (c) women who have

received cancer treatment (e.g., chemotherapy, radiotherapy, or

monotherapy) in the past. Contrarily, exclusion criteria include

people with a diagnosis of metastatic cancer and women who are

unable to sign an informed consent and/or have poor knowledge

of the Italian language. A sample size of at least 40 participants

(please see “Data Analysis and Sample Size Estimation” section) is

estimated to be involved.

Procedure and measures

The study duration will be∼12 months, from recruitment until

the conclusion of T2. Researchers will contact various breast cancer

patient associations to share the current project and promote

contact with interested people. Women interested in participating

in the present research project can contact the researchers by

writing to the email address provided by the association. The

study will also be publicized through social networks (e.g.,

Facebook, LinkedIn, and Instagram), inviting interested women

to contact the researchers through the email indicated in the

study announcement. Nomonetary compensation will be provided,

and mandatory adherence to the study will be requested as

informed consent before administering the questionnaires. It will

be made clear that participation in the research is completely free,

voluntary, and free of charge. All participants will have the option

to discontinue the research at any time without providing any

explanation. At the end of the VR intervention, participants will

be asked for their willingness to provide a personal contact that will

be exclusively used to send them the follow-up questionnaires after

1 month (T2). Regarding the questionnaires, a code will be assigned

to make the collected data pseudonymized.

The study will be conducted following the Declaration of

Helsinki principle and informed written consent will be collected

from all participants. The study protocol has been revised and

approved by the Ethical Committee of the University of Milan.
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Before VR intervention, participants will be randomized into

the two research groups through Excel software (RAND function).

Women in the experimental group will be invited to wear a

3D oculus and follow specific steps of the present intervention.

Specifically, women will be shown a female avatar. The proposed

virtual environment will be located in a neutral room, and the

avatar will have an average body size compared to the general

population. Women will be able to see the avatar’s entire body

looking straight ahead through the use of a 3D oculus. Then,

visual and auditory stimuli will allow for an increased sense of

belonging with respect to the virtual body, as described by Slater

et al. (2008). To sum up, the intervention will consist of viewing a

silhouette of a body through VR and following a series of visual and

auditory stimuli to improve their abilities to perceive and control

internal sensations through VR, whereas participants included in

the control group will be asked to wear a 3D oculus for VR viewing.

Unlike the previous group, participants will be invited to observe an

immersive experience for relaxation purposes as a neutral stimulus.

The relaxation experience related to the control group will last

the same time as the intervention experience for the experimental

group. Breast cancer survivors who will belong to the control group

will not receive different instructions in terms of VR characteristics

and how to use it.

More specifically, the proposed intervention will be structured

as follows:

Phase 1 (T0)
Following the presentation of the study and the signing of

the informed consent, participants will be asked to fill out the

socio-demographic data, the clinical history of illness, any ongoing

psychological support course, and a series of questionnaires aimed

to explore some psychological aspects. Specifically, the following

questionnaire will be administered:

- The multidimensional assessment of interoceptive awareness

(MAIA; Mehling et al., 2012): The MAIA is a self-report

questionnaire that assesses eight dimensions related to

interoceptive aspects of body awareness. The scale has a total

of 32 items on a 6-point Likert scale, from 0 (never) to 5

(always), and covers eight “distinct but related” dimensions

of interoception: awareness of bodily sensations (e.g., “I can

tell where I feel good in my body”), the tendency to ignore

uncomfortable bodily sensations (e.g., “I distract myself when

I feel uncomfortable or fearful sensations”), the ability to have

emotional reactions following negative sensations (e.g., “I worry

if I feel pain or uncomfortable sensations”), the ability to

adjust attention regarding multiple sensations (e.g., “I can focus

sensations onmy body, even when there are many distractions

around me”), the ability to be aware of the relationship between

body states and affective states (e.g., “I can feel changes in my

body when I am happy”), the ability to pay attention to body

states to regulate psychological distress (e.g., “I can use my

breath to help me stay calm and relaxed”), the ability to feel

one’s bodily sensations to make decisions (e.g., “I listen to my

body to help me choose what to do”), and the experience of

one’s body as safe and trustworthy (e.g., “I feel that my body

is a safe place”). Some subscales measure direct experience

with the body, and others are associated with the assessment

of cognitive processes, such as self-regulation (Mehling et al.,

2012).

- Cancer Worry Scale (CWS; Custers et al., 2014; Chirico et al.,

2022): The CWS is a self-report questionnaire designed to

measure concerns with respect to the recurrence of cancer

disease. The questionnaire has eight items on a 4-point Likert

scale (from “never” to “almost always”). The higher the score,

the greater the concern related to the fear of cancer recurrence.

- State-Trait Anxiety Inventory (STAI-Y1; Spielberger,

1983; Spielberger et al., 1983): The STAI is a self-report

questionnaire aimed at assessing anxiety as a transient

emotional response involving negative feelings related to,

for example, nervousness, worry, and tension. As a revised

version of the original STAI-X, it presents 20 items on a

4-point Likert scale (from “nothing” to “very much”) with a

range of total scores between 20 and 80 (high anxiety).

- Self-Assessment Manikin (SAM; Bradley and Lang, 1994): The

SAM is a non-verbal self-report measure in which nine figures

(manikins) are shown in groups of three to measure the

emotional response (positive to negative) and the relative level

of activation (high to low) and control (low to high) identified

by the subject as central to a specific stimulus.

- Checking Behaviors: Some ad hoc questions will be

administered to measure the frequency and concern of

attitudes toward one’s internal body sensations. Participants

will have to answer some questions on a 10-point Likert scale,

including the following: (a) In the past 7 days, how often have

you checked your breasts for lumps? (b) In the past 7 days, have

you felt anxious? and (c) How many times have you told your

family members about your fears related to the disease in the

past 7 days?

The duration of T0 will be about 20 min.

Phase 2 (T1)
Subsequently, participants will be randomly divided into the

experimental and control groups. Participants in the experimental

group will be asked to sit on a chair and place their open

palms on the table without crossing their legs and keeping their

backs straight. Wearing 3D oculus and donning the sensor, the

participants will be immersed in VR where they will see the

virtual body of an avatar positioned in the same position as

them. The experiment will begin with an initial warm-up phase

in which participants will be allowed to stand in the virtual

environment without receiving additional stimuli (2min). In this

first phase, psycho-physiological indices (heart rate and heart rate

variability) will be measured using wearable sensors at the wrist

so as not to interfere with the session. Next, the experimental

group will observe via VR visual stimulation on different parts

of the virtual body (breasts, fingers, and toes) and listen to vocal

stimulation, in a consecutive and randomized manner among the

group participants. Specifically, this intervention will be structured

as follows: The participants will see a light on their virtual body that,

starting from an iridescent red color, will fade slowly, becoming

Frontiers in Psychology 03 frontiersin.org

https://doi.org/10.3389/fpsyg.2023.1165905
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Sebri et al. 10.3389/fpsyg.2023.1165905

FIGURE 1

Study procedure.

white. At the same time, an external voice will guide the participants

toward a gradual decrease in sensations of discomfort and itching,

in a combination of the visual stimuli. This treatment will initially

be proposed for a total of 5min, considering that 90 s is sufficient

to induce body illusion. This process will be proposed in the same

mode (duration equal to 5min) for the body parts of interest of

the same (breasts, fingers, and toes), with a 2-min break between

stimulations. During the breaks, participants will remain immersed

in VR, without additional stimulation. In contrast, participants

assigned to the control group, once immersed in a VR depicting a

natural environment, will hear only a guiding voice reading a script

aimed at relaxation. Once the experiment is over, all participants

will fill out the battery of post-intervention questionnaires, which

includes the following:

- The multidimensional assessment of interoceptive

awareness (MAIA);

- Measures regarding satisfaction related to the intervention:

participants will answer some ad hoc questions designed to

measure their satisfaction with the intervention;

- ITC-Sense of Presence Inventory (ITC-SOPI; Lessiter et al.,

2001): The ITC-SOPI is a validated questionnaire consisting

of 44 items to explore users’ experience of virtual reality.

Specifically, it assesses the degree to which subjects experience

a “sense of presence in a virtual environment,” how distant

the virtual environment is from reality, and how far the

virtual environment can be considered a “place.” The items

refer to the following four categories: (1) Spatial Presence:

how physically present users perceive themselves to be in

the virtual environment; (2) Involvement: how much users

perceive the content proposed by the virtual environment;

(3) Ecological Validity: the level of realism and naturalness

of the virtual environment; and (4) Negative Effects: the

disruptive effects on the physical plane, such as nausea and eye

discomfort, that users might experience while immersed in the

virtual environment.

Phase 3 (T2)
Lastly, a final administration of questionnaires will be

conducted 1 month after the end of the intervention. Specifically,

in this phase, the Multidimensional Assessment of Interoceptive

Awareness (MAIA), the State-Trait Anxiety Inventory (STAI-Y1),

the Self-Assessment Manikin (SAM), and the Checking behaviors,

the Cancer Worry Scale (CWS) will be administered to participants

(see Figure 1).

Data analysis and sample size
estimation

An a priori estimation of the sample size required for the

present study was calculated using G∗Power 3.1.9.2 software

(Faul et al., 2007) to analyze variance with repeated measure

(ANOVA) with between–within interaction. The primary endpoint

will be the difference between the two experimental groups

(i.e., between-subject factor) in the improvement of the overall

MAIA scale score at pre- (T0), post-intervention (T1), and

follow-up (T2) times. To detect a weak-median effect size (i.e.,

partial η2
= 0.04), the required sample size is 40 (i.e., 20

participants in each group). The type-I error rate (α) was

set at 0.05 (two-sided), and the power (1 – β) was set at

0.90. The collected data could be analyzed using a statistical

analysis software, the Statistical Package for Social Science (SPSS,

version 27.0).

Limitations and future research

This study could help people with a history of breast cancer

to become more aware of their internal feelings, promoting

the reduction of negative emotions (e.g., anxiety) in the long

term. Additionally, VR intervention focused on inners sensation

awareness and emotional wellbeing may improve the control

of possible symptoms (e.g., decreasing the number of breast

lump control if it has excessive frequency), reducing anxiety

and shame to foster better social relationships (Savioni et al.,

2022).

A possible study limitation could be the lack of a state-

emotional assessment of breast cancer survivors. Future

research needs to assess the state shame and guilt related

to the worst memory focused on BI (i.e., State Shame and
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Guilt Scale—SSGS-8; Cavalera et al., 2017, 2023) of the

participants. This could be relevant to monitor differences

in negative emotions apart from fear of cancer disease

recurrence. Furthermore, including patients under psychotherapy

might partially shape the results and the impact of the

MBSR protocol.

In conclusion, in this study, there are no anticipated

discomforts or undesirable effects for participants. It will be

the researchers’ responsibility to inform of the possibility for

participants to discontinue participation in the research at any time,

without giving any explanation and without incurring any possible

negative consequences.
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