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Abstract

Background: Preoperative risk communication is essential for shared decision-making (SDM) in neurosurgery; however,
conveying complex neuroanatomy and surgical risks using traditional verbal explanations can limit understanding and contribute
to dissatisfaction and medicolegal disputes. Augmented reality (AR) may provide patient-specific, interactive 3D visualization
to support these conversations.

Objective: This study evaluates whether AR-assisted preoperative risk communication improves objective understanding and
other SDM-related outcomes, compared with communication supported by a conventional physical anatomical model within a
standardized SEGUE-informed protocol.

Methods: A prospective, single-center, randomized controlled trial was conducted with 62 neurosurgery communication
recipients (patients when capable; otherwise, a legally authorized representative [LAR]). Patients were stratified by planned
surgical approach (frontal, parietal, and occipital) and, within each stratum, were randomized into an experimental AR group and
a control physical-model group. The primary outcome was postsession objective understanding, assessed by a multiple-choice
knowledge questionnaire. Secondary outcomes were subjective understanding, communication satisfaction, pre-to-post anxiety
changes, communication duration, and neurosurgeons’ communication skills from video recordings.

Results: Of the 67 individuals screened, 62 communication recipients were enrolled and completed all assessments (patients,
n=30; LARs, n=32; AR, n=32; and control, n=30). Objective understanding was higher with AR than with the physical model in
the prespecified pooled comparison (P=.01). Communication satisfaction was also higher with AR (P<.001). There were no clear
between-group differences in subjective understanding (P=.41), anxiety changes (ΔState-Trait Anxiety Inventory [ΔSTAI] Y-1,
P=.37; ΔSTAI Y-2, P=.84), in-session face-to-face communication duration (excluding any presession AR technical preparation
time; P=.73), or SEGUE scores (P=.60). Exploratory stratified analyses suggested larger comprehension gains with AR in the
parietal and occipital approach strata.

Conclusions: In a standardized preoperative SDM conversation, an integrated visualization-support package combining AR,
patient-specific modeling, and interactivity improved neurosurgical decision makers’ objective understanding and satisfaction
without prolonging in-session, face-to-face communication duration. Larger multicenter trials with longer-term outcomes are
warranted to confirm effectiveness and to evaluate implementation and cost considerations.

Trial Registration: ISRCTN Registry ISRCTN11483487; http://www.isrctn.com/ISRCTN11483487
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Introduction

Effective communication between health care professionals and
patients has become a priority in modern medicine. Evidence
indicates that high-quality communication improves patients’
comprehension and retention of medical information, enhances
treatment adherence and coping skills, and ultimately benefits
well-being, quality of life, and clinical outcomes [1,2]. More
specifically, effective risk communication ensures that all parties
share as accurate an understanding as possible of the factors
relevant to clinical choices, thereby supporting shared
responsibility for medical and surgical decisions [3]. In the
context of neurosurgical decision-making, “risk communication”
refers to a structured clinical process in which clinicians and
decision makers exchange information about the expected
benefits, probabilities, and consequences of potential harms,
available alternatives, and remaining uncertainties, with the
goal of supporting informed, values-concordant decisions. Risk
communication therefore includes not only the content of the
information shared but also how that information is organized
and delivered (eg, plain language, opportunities for questions,
and checking comprehension). This aligns with patients’
growing desire to be closely involved in their own care, reflected
in the increasing use of shared decision-making (SDM) in
surgical settings [4]. SDM is a joint process in which health
care professionals and patients collaborate to choose among
options [5,6]: clinicians present alternatives and explain risks
and benefits; patients convey preferences and values; and,
together, they grant or withhold consent to a specific
intervention. Risk communication—the systematic exchange
of information about the nature, magnitude, importance, and
controllability of risks—is a core component of SDM [7]. When
risk communication is effective, patients should understand the
planned intervention and its risks, benefits, and reasonable
alternatives [8].

In practice, preoperative conversations often encounter a dual
challenge of providing “too little” and “too much” information.
Oversimplified explanations are insufficient for sound
decision-making, whereas unstructured, jargon-dense detail
produces cognitive overload that impedes comprehension for
nonexperts [9]. Studies consistently document suboptimal
clinician-patient communication, leading to mutual
misunderstanding [10]. In neurosurgical settings, time and
workflow pressures can foster a checklist-style recital of risk
factors. Although this approach may satisfy formal requirements,
it weakens interactivity and relevance, limiting opportunities
for patients and their legally authorized representatives (LARs)
to discuss concerns openly and thereby diminishing the value
of SDM [4,11].

As a specialty, neurosurgery manages a high volume of urgent
and critical cases, with an overall complication rate near 14%,
often resulting in severe functional disability [12]. When

expectations of patients or LARs diverge from realistic
prognoses, disputes and claims are more likely; indeed,
neurosurgeons face the highest medicolegal risk among surgical
disciplines [13]. Notably, inadequate or incomplete risk
communication is among the most frequent contributors to
litigation [14]. In time-pressured environments, a passive or
compliance-based approach rarely enables patients to visualize
and grasp risks linked to complex neuroanatomy, lesion margins,
and eloquent functional areas [15].

To address these gaps, communication-support and decision-aid
tools have been developed for diverse clinical contexts,
including brochures, information leaflets, and mobile apps
[16-19]. Augmented reality (AR) is increasingly leveraged
across disciplines as a convergent, interdisciplinary technology.
AR uses computer vision, graphics, and multimodal sensors to
accurately register and superimpose virtual content (images,
models, video, audio, and text) onto the user’s real-world view,
creating a collaborative mixed environment for natural, real-time
interaction and extended perception [20]. In medicine, AR is
not new and has been applied across multiple specialties [21].
In neurosurgery, its capacity for real-time 3D reconstruction
has supported preoperative planning, intraoperative navigation,
and skills training [22,23]. However, comparative evidence on
AR’s benefits for preoperative communication in neurosurgery
remains limited. Clinicians hypothesize that AR’s intuitive 3D
models can improve the transmission and understanding of
complex information, but this requires systematic evaluation.
In this study, “real-time support” refers to the in-session use of
an AR-based, patient-specific 3D visualization as a shared
reference during communication, enabling the clinician and the
communication recipient to jointly orient to key structures, the
target lesion, and clinically relevant high-risk regions as
questions arise. Importantly, this term is used as a pragmatic
description of an integrated visualization-support workflow
(patient-specific anatomical content, head-mounted spatial
presentation, and enhanced interactivity), rather than as a claim
that the study isolates a single causal mechanism attributable
to AR hardware alone.

Building on our institution’s experience with AR and
incorporating Xvisio Technology’s spatial-perception interaction
technology (Shanghai, China), we designed a study to evaluate
AR-assisted preoperative risk communication in neurosurgery.
In this study, we standardized the core informational items and
communication structure across arms (SEGUE [set the stage,
elicit information, give information, understand the patient’s
perspective, and end the encounter]-informed checklist), and
tested whether an AR-assisted, patient-specific 3D
visualization—compared with a physical anatomical
model—could improve decision makers’ understanding within
the same risk-communication protocol. Using the SEGUE
framework, we aim to implement AR within SDM in a
standardized and streamlined manner. Our objectives are to (1)
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assess the effect of AR on comprehension and satisfaction; (2)
develop an intuitive, reusable, and scalable workflow for
preoperative SDM; and (3) provide a methodological basis for
future multicenter, controlled studies. Accordingly, this
proof-of-concept (PoC) trial is positioned as an exploratory,
pragmatic comparison of 2 visualization-support packages
(AR-assisted, patient-specific interactive 3D visualization vs a
conventional, generic physical anatomical model), rather than
a component-isolating test designed to separate spatial
representation from interactivity or informational richness.

Methods

Trial Design
Our research was a prospective, single-center, randomized
controlled PoC trial. According to the planned surgical
approaches, participants were stratified into the frontal approach
group (group 1), parietal approach group (group 2), and occipital
approach group (Group 3), with randomization within each
stratum to the experimental group (AR group) or the control
group (physical-model group). Randomization within each
surgical-approach stratum used a 1:1 allocation ratio (AR group
vs physical-model group). The allocation sequence was
generated using a computer-generated random-number list with
simple randomization. To ensure allocation concealment, the
sequence was implemented using a centralized web-based
system prepared and maintained by an independent statistician.
Baseline assessments (eg, State-Trait Anxiety Inventory [STAI]
and Montreal Cognitive Assessment [MoCA]) were completed
before group assignment. Participants were enrolled at the First
Affiliated Hospital of Xiamen University, and assignment to
interventions was implemented through the concealed allocation
mechanism described above. Because of the nature of the
interventions, clinicians and communication recipients were
not blinded to group allocation. All recipient-reported outcomes
(comprehension, anxiety, and satisfaction) were completed by
the communication recipient. Neurosurgeons’ communication
skills were evaluated using the SEGUE scale based on video
recordings by independent assessors who were not involved in
intervention delivery (assessors were not informed of allocation
and scored recordings labeled only with study IDs).

This study aimed to preliminarily validate the feasibility and
advantages of AR technology in preoperative risk

communication for neurosurgery. By superimposing an
individualized 3D virtual model from the AR headset onto the
real environment and demonstrating it to the communication
recipient, we compared this approach with the traditional
physical model–assisted communication method across both
subjective and objective dimensions. This comparison aimed
to explore the impact of different communication-assistance
technologies on recipients’ understanding of surgery-related
issues (eg, surgical methods, surgical risks), communication
satisfaction, and anxiety levels.

Participants
This study included 67 patients who visited the Department of
Neurosurgery at the First Affiliated Hospital of Xiamen
University between January and September 2025 and were
diagnosed with intracranial space-occupying lesions through
auxiliary examinations after admission. As this is a
communication intervention study, the enrolled participant was
defined as the “communication recipient,” that is, the person
who received the standardized preoperative risk communication
and was primarily involved in SDM and consent for surgery.
This was the patient when decisional capacity was intact;
otherwise, an LAR served as the communication recipient and
decision maker. Unless otherwise stated, all psychometric
outcomes (STAI and MoCA) and postcommunication
assessments (comprehension and satisfaction) refer to the
communication recipient (patient or LAR).

All communication recipients (patients with decisional capacity
or LARs, when applicable) provided written informed consent
before enrollment. Participants were explicitly informed that
the preoperative communication session would be
video-recorded for research purposes (SEGUE-based assessment
of communication quality), that refusal to be recorded would
not affect clinical care, and that they could request
discontinuation of recording and withdraw from the study at
any time without penalty. Video recordings, questionnaire data,
and study logs were deidentified by assigning unique study
codes and stored on a password-protected, secure institutional
drive with access restricted to the research team. Any patient
imaging data used to generate the 3D models were processed
in deidentified form for research use. Textboxes 1 and 2 detail
the inclusion and exclusion criteria, respectively.
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Textbox 1. Inclusion criteria.

All the following inclusion criteria must be met:

1. Study patients

• Neurosurgery patients eligible for elective or semielective surgery with a feasible standard surgical approach.

2. Technology

• High-quality computed tomography or magnetic resonance imaging DICOM (Digital Imaging and Communications in Medicine) data from the
hospital within 3 days before surgery. If needed, updated imaging must be completed before communication.

3. Eligibility of the communication recipient

• The recipient has no visual or auditory impairments, mental illness, or cognitive disorders. (1) The patient has the ability to provide informed
consent and communicate and is therefore the primary communication recipient; or (2) the patient’s legally authorized representative is the
primary participant in communication and decision-making when the patient lacks decisional capacity or has delegated authority. Decisional
capacity was determined by the treating neurosurgeon based on routine clinical assessment and documented in the medical record.

4. Age and language of the communication recipient

• Aged 18-70 years; able to complete questionnaires and tests in Chinese (Mandarin); no gender restriction.

5. Cooperation and compliance

• Agreement to randomization, completion of on-site evaluation and follow-up before discharge, and willingness to wear augmented reality display
devices when necessary (augmented reality group).

6. Ethical consent

• Signed informed consent for study participation (by the patient or legally authorized representative) and permission for the deidentified use of
3D imaging data for demonstration.

Textbox 2. Exclusion criteria.

Any of the following conditions will result in exclusion:

1. Clinical process–related

• Emergency surgery patients for whom ≥24 hours is not available for preoperative assessment and communication.

• Patients with severe cognitive or consciousness disorders who are unable to complete the assessment and lack a qualified, legally authorized
representative (eg, persistent delirium, severe aphasia, Glasgow Coma Scale score ≤12: E4+V3+M5 or E2+V5+M5).

• Difficulty cooperating with questionnaires and tests (eg, reading/writing disabilities, inability to complete the tests).

• Participation in similar intervention studies or communication-related intervention trials within the past 3 months that may affect primary outcomes
(eg, understanding, decision conflict).

2. Contraindications or high risks related to head-mounted augmented reality devices

• History of photosensitive epilepsy or epilepsy clearly induced by visual stimuli.

• Vestibular dysfunction (eg, frequent dizziness attacks in the past 3 months or daily medication to control symptoms).

• Severe migraines with high sensitivity to bright light or dynamic images and frequent recent episodes.

• Severe visual impairments or eye diseases affecting augmented reality device use (eg, corrected vision ≤0.1, poor control of diplopia, postocular
surgery recovery period).

• Severe hearing impairments with no equivalent alternative communication methods available on-site (eg, subtitles, hearing aids).

• Limitations on wearing and positioning: inability to safely wear head-mounted augmented reality devices due to external head fixation (eg, halo
brace), large head dressings, or cervical fixation devices (eg, neck collar).

• Clear history of adverse reactions to augmented reality devices that led to discontinuation (eg, severe nausea, balance issues) and refusal to
attempt use again.

3. Others

• Communication or ethical risks deemed inappropriate for inclusion (eg, family conflict affecting voluntariness).

• Legal restrictions or special populations requiring additional approval that has not been granted (eg, populations under compulsory supervision).
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Equipment
Head-mounted AR device (SeerLens B50R AR Glasses; Xvisio
Technology) and a physical anatomical model (Hongyu Medical
Education Equipment Co Ltd).

The AR intervention used the SeerLens head-mounted AR
device. Key manufacturer-reported specifications relevant to
clinical use (eg, display type, resolution, field of view, tracking
method, weight, and computing/connection configuration) are
summarized in Multimedia Appendix 1.

Baseline Variables
At enrollment (before the communication session), we collected
demographic characteristics of the communication recipient,

including age, sex/gender, and educational attainment (recorded
as the highest completed level and, for reporting in Table 1,
collapsed into 3 categories to reflect the Mainland China
compulsory education context and to reduce sparse subgroup
cells). For LARs, we additionally recorded their relationship to
the patient. When specified in the study protocol, baseline
psychological and cognitive characteristics were also collected,
including baseline anxiety assessed using STAI Y-1 and STAI
Y-2 (before the communication session) and cognitive screening
assessed using the MoCA (before the communication session).
Baseline clinical and surgical variables (eg, diagnosis category
and planned surgical approach) were extracted from the medical
record.
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Table 1. Summary of baseline characteristics of participants.a

P valueGroup 3 (N=21)Group 2 (N=21)Group 1 (N=20)Total
(N=62)

Characteristics

Group 3B
(n=9)

Group 3A
(n=12)

Group 2B
(n=10)

Group 2A
(n=11)

Group 1B
(n=11)

Group 1A
(n=9)

.46 (Fisher) (group
1A2A3A vs 1B2B3B)

Recipient type, n (%)

4 (44)6 (50)4 (40)7 (64)5 (45)4 (44)30 (48)Patient

5 (56)6 (50)6 (60)4 (36)6 (55)5 (56)32 (52)Legally authorized repre-
sentative

.44 (Fisher) (group
1A2A3A vs 1B2B3B)

Gender,n (%)

4 (44)7 (58)5 (50)8 (73)6 (55)5 (56)35 (56)Male

5 (56)5 (42)5 (50)3 (27)5 (45)4 (44)27 (44)Female

.77 (Fisher; group
1A2A3A vs 1B2B3B)

Education (highest educa-
tional attainment), n (%)

3 (33)4 (33)3 (30)4 (36)3 (27)2 (22)19 (31)Middle school or below

2 (22)4 (33)4 (40)5 (45)4 (36)4 (44)23 (37)High school

4 (44)4 (33)3 (30)2 (18)4 (36)3 (33)20 (32)College or above

.91 (group 1A vs 1B); .28
(group 2A vs 2B); .59
(group 3A vs 3B); and .74
(group 1A2A3A vs
1B2B3B)

52.22
(9.00)

54.58
(10.79)

54.5
(7.61)

50.45
(9.16)

57.45
(10.69)

57.89
(7.11)

54.48
(9.29)

Age (years), mean (SD)

STAIb -Form Y-Chinese
version, mean (SD)

.70 (group 1A vs 1B); .95
(group 2A vs 2B); .63
(group 3A vs 3B); and .16
(group 1A2A3A vs
1B2B3B)

49.89
(7.08)

51.83
(11.24)

54.10
(8.97)

54.36
(8.86)

51.12
(10.62)

53.00
(10.17)

52.42
(9.41)

STAI Y-1

.73 (group 1A vs 1B); .95
(group 2A vs 2B); .34
(group 3A vs 3B); and .67
(group 1A2A3A vs
1B2B3B)

43.89
(7.18)

47.50
(9.89)

51.60
(9.16)

51.36
(9.33)

52.46
(8.74)

53.78
(8.20)

50.11
(9.11)

STAI Y-2

.31 (group 1A vs 1B); .17
(group 2A vs 2B); .29
(group 3A vs 3B); and .06
(group 1A2A3A vs
1B2B3B)

25 (1)d26 (3.5)d23.3
(5.68)

26.18
(2.68)

22.82
(4.67)

24.67
(3.28)

24.66
(3.88)

MoCAc score, mean (SD)

aAll baseline characteristics refer to the communication recipient (patient or LAR), unless otherwise stated. Groups 1A2A3A (n=32) included 17 (53%)
patients and 15 (47%) LARs (patient-to-LAR 17:15), whereas groups 1B2B3B (n=30) included 13 (43%) patients and 17 (57%) LARs (patient-to-LAR
13:17). Recipient-type distribution did not differ significantly between arms (Fisher exact test P=.46).
bSTAI: State Anxiety Inventory.
cMoCA: Montreal Cognitive Assessment (Chinese 7.1-Beijing).
dReported as median (IQR) because the corresponding subgroup data were nonnormally distributed. The pooled comparison of objective understanding
scores between the augmented reality and physical-model groups (groups 1A+2A+3A vs 1B+2B+3B) was prespecified as the single primary confirmatory
analysis (2-sided α=.05). All other P values (stratum-specific comparisons and all secondary outcomes) are exploratory, unadjusted for multiple
comparisons, and should be interpreted descriptively.
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Risk Communication Protocol and Standardization

Visualization Aid Intervention and Between-Arm
Differentiation
The intended between-arm difference was the visualization aid
used to support the same standardized explanation: the AR
group received a patient-specific 3D visualization via a
head-mounted display with adjustable views (eg, rotation/zoom
and structure-visibility controls), whereas the control group
received the conventional physical anatomical model used in
routine practice. In both arms, recipients were encouraged to
ask questions and interact with the tool jointly with the clinician.

Consistent Content
All sessions followed a prespecified, SEGUE-informed
communication checklist to standardize the structure and core
informational items delivered in both arms. The clinician
explained (1) the diagnosis and relevant neuroanatomy; (2) the
proposed surgical plan and procedural steps at a high level; (3)
expected benefits; (4) major risks and high-risk regions,
including the probability and potential consequences of key
complications when such estimates were available; (5)
alternatives (including conservative management, when
applicable); and (6) postoperative expectations. Throughout the
session, clinicians were instructed to minimize unnecessary
jargon, respond to questions, and confirm understanding using
standard comprehension checks (eg, asking the recipient to
summarize key points in their own words).

AR Content Creation
A preconstructed digital 3D model was selected and adjusted
according to each patient’s lesion location before use. Labels
and approach- and risk-point annotations were overlaid, and the
final model was preloaded and verified on the head-mounted
AR device before the communication session.

Neurosurgeons Training (Before Communication)

Personnel Selection

Neurosurgeons were selected from the same institution with
identical years of professional experience across all 3
communication levels; postcommunication assessment of
neurosurgeons’ communication skills was conducted by an
independent third-party researcher using the SEGUE scale.

Standardized Communication Training

This comprised the following: development and refinement of
the risk-disclosure checklist, familiarization with head-mounted
AR device operation, preparation of anticipated responses to
questions, and avoidance of “overdisclosure” that may induce
fear.

Operational Procedure Checklist

This considered the establishment of a standardized workflow
(setup→alignment→demonstration→explanation→questioning→confirmation)
to ensure consistency.

Situational Control

This involved the use of equally quiet and independent spaces,
adherence to the same time window, and limitation of the
number of onlookers.

Communication Time Limit

Communication duration was standardized across groups to
minimize confounding from consultation length. Session
duration was recorded, and any clinically necessary extensions
were documented with justification. When required, additional
routine counseling was provided after the study procedure to
ensure adequate informed consent.

Independent Design and Demonstration of Digital 3D
Models
Considering the characteristics of preoperative risk
communication scenarios, this study used the open-source
software 3D Slicer (The Slicer Community) to premodel classic
lesion locations during digital 3D modeling. To protect patient
privacy, deidentification procedures were implemented at the
premodeling stage, including a comprehensive review of patient
images to exclude any models exhibiting identifiable facial
features. Visual inspection by 2 independent neurosurgeons
(ZY and ZS) confirmed that none of the included prefabricated
models were amenable to facial-feature recognition. As strict
precision is not required for risk communication scenarios, the
premade models were selected and adjusted according to the
patient’s 2D imaging data before use (Figure 1A-C). Model
adjustments can be made on a computer and quickly transferred
to the SeerLens AR head-mounted device, maximizing time
saved in preparation before communication.

During the model demonstration phase, the AR device used in
this study (SeerLens B50R AR Glasses) was developed and
manufactured by a domestic company (Multimedia Appendix
1). During the demonstration, the communication recipient uses
the head-mounted AR device to superimpose a virtual projection
onto the real patient’s head and, in combination with the
neurosurgeon’s explanation, observes spatial information such
as lesion size, depth, location, and adjacency. If necessary, the
communication recipient can interact with the virtual model in
real time through voice or gestures, under the neurosurgeon’s
guidance, based on their needs (Figure 1D).

During AR-assisted sessions, the communication recipient
viewed the patient-specific 3D anatomical model through a
head-mounted AR display. The neurosurgeon did not wear a
headset; instead, the neurosurgeon used a computer-based
interface synchronized in real time with the recipient’s AR view.
This workstation allowed the neurosurgeon to manipulate the
model (eg, rotation, zoom, translation), adjust visual properties
(eg, transparency/occlusion), and emphasize specific structures
(eg, isolating the lesion and adjacent anatomy,
highlighting/labeling), while monitoring the same model state
shown to the recipient. In this way, the neurosurgeon could
verify that the explanation referred to the correct virtual
anatomical structures and direct attention through synchronized,
on-model cues (Figure 1E).
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Figure 1. Study flowchart. AR: augmented reality.

Interventions
Before randomization, eligible patients and their families were
informed about the trial. Written informed consent was obtained
from the patient when capable; otherwise, consent was provided
by the patient’s LAR. During this process, 5 eligible patients
declined participation. Ultimately, 62 communication recipients
(patients or LARs) completed the Chinese version of the
STAI-Form Y, which was used to evaluate state anxiety (State
Anxiety Inventory, STAI Y-1) and trait anxiety (Trait Anxiety
Inventory, STAI Y-2), with higher scores indicating higher
levels of anxiety [24]. To evaluate the comprehension abilities
of the communication recipients, cognitive function was
assessed using the MoCA (Chinese 7.1-Beijing) [25].
Randomization was then performed within 3 strata. In the
experimental group (AR group), communication recipients wore
the SeerLens AR device when necessary, and the neurosurgeon
superimposed the digital 3D model onto the patient’s real head,
demonstrating the corresponding spatial structures based on the
patient’s lesion location and explaining them to the
communication recipient. Here, “real-time support” denotes the
in-session use of the AR overlay as a shared spatial reference
aligned to the patient’s lesion location, allowing the explanation
to progress in step with the conversation and recipients’
questions. This wording describes the workflow and does not

imply that the AR arm isolates a single mechanism (eg, spatial
registration vs enhanced interactivity), nor that any observed
effects can be attributed to AR hardware alone. In the control
group (physical-model group), the neurosurgeon provided
explanations with the assistance of a physical anatomical model.
To minimize between-arm differences in informational content,
clinicians followed a prespecified checklist of key information
items derived from the SEGUE framework. The checklist
covered (1) diagnosis and lesion location, (2) relevant
neuroanatomical relationships, (3) the proposed treatment plan
and surgical corridor/approach, (4) major risks and high-risk
regions, (5) alternative options and the expected postoperative
course, and (6) an opportunity for questions and teach-back
(Multimedia Appendix 2). The checklist was identical for both
arms; the only planned difference was the visualization tool
used during explanation (AR-based patient-specific 3D model
vs conventional physical model). Although informational items
were standardized via the checklist, the AR aid inherently differs
from the physical model in patient-specific anatomical
specificity and software-enabled, dynamically adjustable
visualization (eg, structure isolation/toggling and transparency
adjustment); therefore, the between-arm contrast should be
interpreted as a bundled comparison of these
visualization-support features. In both arms, recipients were
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encouraged to ask questions and to interact with the tool jointly
with the clinician.

After the communication session, the communication recipient
completed postsession assessments, including (1) the Medical
Knowledge Comprehension Questionnaire, which included a
subjective understanding rating scale (Cronbach α=.88;
Multimedia Appendix 3) to assess subjective comprehension
and an objective understanding assessment (Multimedia
Appendix 4): we used the Objective Assessment of Medical
Knowledge Comprehension Following Risk Communication,
a structured, directed questionnaire covering 4 domains
(anatomical localization, treatment surgery, potential risks, and
expected benefits), plus an open-ended item, developed to
provide a pragmatic, objective quantification of recipients’
comprehension of the core information delivered during
preoperative risk communication; (2) anxiety assessment
(STAI-Form Y, Chinese version: STAI Y-1 and STAI Y-2);
and (3) communication satisfaction assessment, using a
self-developed rating scale (Cronbach α=.86; Multimedia
Appendix 5). All questionnaires were self-administered by the
communication recipient without assistance; no investigator
administered the objective questionnaire or guided responses.
Multiple-choice items were scored using a prespecified answer
key.

Communication duration was measured in minutes by the
neurosurgeon conducting the session and was defined as the
face-to-face risk communication time from the start of the
standardized explanation to the completion of the conversation.
This metric did not include any presession technical preparation
required for the AR workflow, which was completed before the
communication session. The entire communication process was
video-recorded so that independent researchers could later

evaluate neurosurgeons’communication skills using the SEGUE
scale (Chinese version) [26,27].

Outcomes
The primary outcome was objective understanding, assessed
immediately after the communication session using the directed
multiple-choice knowledge questionnaire (Multimedia Appendix
4). The key secondary outcome was subjective understanding,
assessed using the subjective understanding rating scale
(Multimedia Appendix 3). Other secondary outcomes were
communication satisfaction (Multimedia Appendix 5),
pre-to-post changes in anxiety (STAI Y-1 and STAI Y-2),
communication duration, and neurosurgeons’ communication
skills, assessed using the SEGUE scale based on video
recordings.

Sample Size
We considered a 30% difference between the control and
experimental groups to be clinically significant, based on the
score range of the primary outcome measure (knowledge
questionnaire scores). We assumed an expected effect size of
d=1.50 (preset coefficient of variation=0.2), α=.05, and power
(1–β)=0.85. The sample size was computed using G*Power
(version 3.1.9.7). The required sample size was 10 participants
per arm (20 total) for a single comparison. As we prespecified
3 anatomical strata and planned stratified analyses, we targeted
approximately 20 participants per stratum (≈10 per arm),
corresponding to a minimum total sample size of 60 across all
strata (Figure 2A shows the per-stratum calculation). Although
this sample size meets statistical requirements, as a single-center
PoC study, it may still be constrained by the actual case volume.
The primary analysis was conducted on the pooled cohort;
powering per stratum was used as a conservative design choice
to ensure adequate precision for the prespecified stratified
analyses.
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Figure 2. Schematic overview of the standardized clinician-recipient communication workflow under the SEGUE framework in routine clinical practice.
(A) Digital 3D reconstruction derived from the patient's imaging data. (B and C) The communication recipient observes the virtual model from multiple
perspectives according to their level of understanding and informational needs. (D) Illustration of the augmented reality (AR)–assisted communication
approach in a clinical setting. The recipient views the virtual 3D model through a head-mounted AR device, while the physician does not wear a
synchronized headset. Consequently, any physical pointing toward the recipient’s display is intended for approximate localization and illustrative
purposes only, rather than precise identification of virtual structures. Visually aligned shared spatial reference and joint attention are achieved through
a real-time synchronized computer interface, which allows the physician to manipulate the model and align explanations with the structures viewed by
the recipient. (E) System architecture and data flow of the AR-assisted risk communication platform, comprising a synchronized computer control
terminal and a head-mounted AR display terminal. TCP: terminal control platform.

Statistical Analysis

Data Summary Methods
Analyses were conducted in GraphPad Prism 9 (GraphPad
Software). Continuous variables were summarized as mean
(SD) when approximately normally distributed and as median
with IQR (Q3-Q1) otherwise. Normality was assessed using
the D’Agostino-Pearson test. Unless otherwise stated, tests were
2-sided. For between-group comparisons, Student t test was
used when normality was not rejected and the Mann-Whitney
U test otherwise.

Analytical Hierarchy and Multiple Comparisons
As this was a PoC study with multiple outcomes and planned
stratum-specific comparisons, we prespecified an analytical
hierarchy to reduce inflation of type I error from multiple
comparisons.

Primary Confirmatory Analysis
The single primary confirmatory analysis (2-sided α=.05) was
the pooled comparison of objective understanding scores
between the AR and physical-model groups (groups 1A+2A+3A
vs 1B+2B+3B).

Key Secondary Analyses (Exploratory)
Pooled comparisons of subjective understanding, communication
satisfaction, anxiety changes (ΔSTAI Y-1 and ΔSTAI Y-2),
communication duration, and SEGUE scores between the AR

and physical-model groups were prespecified as exploratory
secondary analyses. P values are reported without multiplicity
adjustment and are interpreted descriptively as signals for future
investigation rather than confirmatory evidence.

Stratified Exploratory Analyses
Within-stratum comparisons (1A vs 1B, 2A vs 2B, and 3A vs
3B) were conducted to explore potential heterogeneity by
surgical approach. Given the small stratum-specific sample
sizes, these analyses are hypothesis-generating only and should
be interpreted with caution.

Recipient-Type Robustness Analyses
As the communication recipient could be either the patient or
an LAR, we assessed whether recipient-type composition could
confound communication outcomes. Recipient-type distribution
(patient vs LAR), recipient sex, and education (highest
educational attainment) were compared between arms using the
Fisher exact test. We then conducted recipient-type robustness
analyses for the primary and key secondary outcomes by
reporting arm comparisons stratified by recipient type and by
fitting linear models that included treatment group, recipient
type, and a group × recipient-type interaction term. Sensitivity
models adjusting for recipient type were used to evaluate
whether the main findings were robust to recipient-type
composition.
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Ethical Considerations

Study Approval
The study was approved by the Ethics Committee of the First
Affiliated Hospital of Xiamen University, Xiamen, Fujian,
China, in October 2024 (approval number 169). This trial was
retrospectively registered with the ISRCTN registry
(ISRCTN11483487; February 13, 2026). The first participant
was enrolled in January 2025, and trial registration was
completed on February 13, 2026. Registration was delayed due
to the time required to complete and correct the registration
materials. At study initiation, this investigator-initiated PoC
risk-communication trial—embedded in routine preoperative
SDM workflows and not involving any experimental clinical
treatment—was mistakenly classified within our institutional
governance process as a low-risk communication
workflow/technology-feasibility study rather than as a
registrable randomized clinical trial, despite the use of
randomization. This was an administrative error and not an
intentional omission.

To address potential reporting bias, the protocol originally
reviewed and approved by the Ethics Committee in October
2024 (approval number 169) prespecified the eligibility criteria,
randomization strategy, intervention procedures, primary
outcome, key secondary outcomes, and analysis framework. A
written statement issued by the Ethics Committee of the First
Affiliated Hospital of Xiamen University, dated February 27,
2026, confirmed that the protocol registered in the ISRCTN
registry remains consistent with the version originally reviewed
and approved by the committee.

Written informed consent was obtained from all participants
(patients or LARs), covering participation, the use of
deidentified imaging data to generate 3D models for AR-assisted
counseling, video recording of the consultation for
SEGUE-based assessment, and completion of study
questionnaires and assessments, in accordance with the
Declaration of Helsinki (1964) and its subsequent amendments
or comparable ethical standards.

Informed Consent
Written informed consent was obtained from all enrolled
communication recipients before participation. When the
communication recipient was an LAR, the LAR provided written
consent; where feasible, patient assent was also sought.
Participants were informed that participation was voluntary and
that they could withdraw at any time without any impact on
clinical care. The informed consent process covered completion
of study questionnaires and the research use of relevant clinical
information (eg, imaging data used to generate patient-specific
3D models and video recording of the communication session
for SEGUE scoring).

Privacy and Confidentiality
All study data were deidentified and labeled using a unique
study code. Any linkage file containing direct identifiers was
stored separately from the analytic dataset and was accessible

only to authorized study personnel. Data were analyzed and
reported in aggregate to prevent the identification of individual
participants.

Compensation
Participants did not receive any compensation for completing
the study procedures.

Identifiable Information in Images/Multimedia
Appendices
No images in the manuscript or multimedia appendices include
identifiable information about individual participants (eg, faces,
names, medical record numbers, or other direct identifiers).
Photographs used to illustrate the AR-assisted communication
workflow were taken with nonpatient volunteers (eg, with
full-face blurring or cropping) and contain no patient-identifiable
information.

Patient or Public Contribution
Patients, caregivers, or members of the public did not serve as
partners in the design, conduct, analysis, or reporting of this
PoC randomized trial. Recruitment and communication occurred
in time-sensitive preoperative settings, and the study focused
on feasibility and measure refinement; therefore, establishing
and supporting a Patient and Public Involvement and
Engagement advisory group was not feasible at this stage.

Results

Baseline Characteristics
All 62 enrolled communication recipients completed the risk
communication, with no dropouts. The primary communication
recipient (who completed all study assessments) was the patient
in 30 cases and an LAR in 32 cases (Table 1). Specifically, there
were 20 participants in the frontal approach cohort (group 1),
21 in the parietal approach cohort (group 2), and 21 in the
occipital approach cohort (group 3). Within the frontal approach
group, the AR group (group 1A, experimental) comprised 9
patients, and the physical-model group (group 1B, control)
comprised 11. Within the parietal approach group, the AR group
(group 2A, experimental) included 11 patients, and the
physical-model group (group 2B, control) included 10. Within
the occipital approach group, the AR group (group 3A,
experimental) included 12 patients, and the physical-model
group (group 3B, control) included 9 (Figure 3 and see
Multimedia Appendix 6 for the CONSORT [Consolidated
Standards of Reporting Trials] checklist).

After assessing normality (Figure 2B), we processed the data
according to their underlying distributions. No baseline
differences in demographics were observed among
communication recipients across groups (Table 1). Before risk
communication, there were no statistically significant pooled
between-arm differences in baseline anxiety (STAI Y-1, P=.16;
STAI Y-2, P=.67) or cognitive function (MoCA score, P=.06).
Similarly, no statistically significant within-stratum baseline
differences were observed (Table 1; Figure 4).
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Figure 3. Sample size determination and statistical analysis preparation. (A) Results of the sample size calculation performed using G*Power (version
3.1.9.7). (B) Assessment of normality for baseline characteristics of all participants using the D'Agostino-Pearson test. MoCA: Montreal Cognitive
Assessment; STAI: State-Trait Anxiety Inventory.
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Figure 4. Visualization of participants' baseline characteristics. MoCA: Montreal Cognitive Assessment; STAI: State-Trait Anxiety Inventory.

Primary Outcome

Primary Confirmatory Analysis
The primary outcome (objective understanding) was measured
using a 20-item multiple-choice questionnaire developed for
this trial to operationalize the core informational elements
delivered during the standardized, SEGUE-informed risk
communication. Items were mapped to 4 predefined domains:
anatomical localization (4 items), treatment/surgical plan (5

items), risks/complications (5 items), and expected
benefits/expectations (6 items). Each item was scored 0-1
(correct/incorrect), with partial credit (0.5) awarded when a
response reflected a partially correct understanding according
to a prespecified rubric; the open-ended item was not included
in the total score (range 0-20; Multimedia Appendix 4). In the
prespecified pooled comparison, objective understanding scores
were higher in the AR group than in the physical-model group
(groups 1A+2A+3A vs 1B+2B+3B; P=.01; Table 2; Figure 5).
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Table 2. The summary of research outcomes.a

P valuesGroup 3 (n=21)Group 2 (n=21)Group 1 (n=20)TotalResearch outcomes

Group 3B
(n=9)

Group
3A
(n=12)

Group
2B
(n=10)

Group 2A
(n=11)

Group 1B
(n=11)

Group 1A
(n=9)

.74 (group 1A vs 1B);

.30 (group 2A vs 2B);

.50 (group 3A vs 3B);
and .41 (group
1A2A3A vs 1B2B3B)

21.78
(8.69)

24.50
(9.35)

21.00
(8.91)

22 (17)b27.09
(4.68)

26.22 (6.28)Subjective understanding
score, mean (SD) (range 8-40)

.57 (group 1A vs 1B);

.02c (group 2A vs

2B); .03c (group 3A

vs. 3B); and .01c

(group 1A2A3A vs
1B2B3B)

9.28 (3.64)13.25
(4.19)

9.40
(1.47)

13.28 (4.57)12.73
(3.45)

13.89 (5.02)Objective understanding
score, mean (SD)

STAId -Form Y-Chinese
version, mean (SD)

N/Ae46.56
(7.65)

46.83
(9.56)

53.90
(10.45)

50.00 (9.02)49.00
(13.32)

47.56 (9.85)48.98
(10.08)

STAI Y-1′

N/A45.44
(7.81)

49.08
(9.31)

50.90
(9.76)

52.73 (7.95)52.09
(9.44)

52.44
(10.26)

50.52 (9.09)STAI Y-2′

.37 (group 1A2A3A
vs 1B2B3B)

3.33
(10.11)

5.00
(19.32)

0.2
(13.52)

4.36 (8.86)–3 (11)b5.44 (7.35)N/AΔSTAI Y-1

.84 (group 1A2A3A
vs 1B2B3B)

–1.56
(11.68)

–1.58
(15.63)

0.7
(9.50)

–1.36 (9.83)0.36
(10.87)

1.33 (12.50)N/AΔSTAI Y-2

.01c (group 1A vs

1B); .03c (group 2A

vs 2B); .04c (group

3A vs 3B); and <.001c

(group 1A2A3A vs
1B2B3B)

27.78
(8.91)

36.17
(8.29)

24.40
(12.18)

35.91 (9.66)32.18
(7.92)

40.67 (6.00)N/ACommunication satisfaction
score (range 10-50)

.76 (group 1A vs 1B);

.93 (group 2A vs 2B);

.67 (group 3A vs 3B);
and .73 (group
1A2A3A vs 1B2B3B)

25.11
(8.19)

26.67
(8.36)

27.90
(8.90)

28.27 (10.06)28.64 (6.7929.67 (7.87)N/ADuration of communication
(in-session) (minutes)

.60 (group 1A vs 1B);

.07 (group 2A vs 2B);

.26 (group 3A vs 3B);
and .60 (group
1A2A3A vs 1B2B3B)

21.67
(1.80)

20.75
(1.71)

20.10
(2.13)

21.64 (1.36)21.91
(1.45)

22.22 (1.20)N/ASEGUEf score

aAll outcomes refer to the communication recipient (patient or legally authorized representative), unless otherwise stated.
bReported as median (IQR) because the corresponding subgroup data were nonnormally distributed. The pooled comparison of objective understanding
scores between the augmented reality and physical-model groups (groups 1A+2A+3A vs 1B+2B+3B) was prespecified as the single primary confirmatory
analysis (2-sided α=.05). All other P values (stratum-specific comparisons and all secondary outcomes) are exploratory, unadjusted for multiple
comparisons, and should be interpreted descriptively.
cP values indicate statistical significance.
dSTAI: State Anxiety Inventory (STAI Y-1′ and STAI Y-2′ denote postsession scores). ΔSTAI (ΔSTAI Y-1 and ΔSTAI Y-2) was calculated as presession
STAI minus postsession STAI (Δ=pre − post).
eN/A: not applicable.
fSEGUE: set the stage, elicit information, give information, understand the patient’s perspective, and end the encounter.
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Figure 5. Visualization of participants' primary outcomes (objective comprehension scores).

Stratified Exploratory Analyses
Within strata, objective understanding was higher in the AR
group in the parietal approach stratum (group 2A vs 2B; P=.02)
and in the occipital approach stratum (group 3A vs 3B; P=.03),
but not in the frontal approach stratum (group 1A vs 1B; P=.57).
These stratum-specific comparisons are underpowered and
should be interpreted as hypothesis-generating (Table 2; Figure
5).

Secondary Outcomes

Overview
All secondary outcome analyses were exploratory and were not
adjusted for multiple comparisons; P values are interpreted
descriptively.

Subjective Understanding (Exploratory)
Subjective understanding scores did not differ between the AR
and physical-model groups in the pooled comparison (P=.41)
or within strata (P=.74 for group 1, P=.30 for group 2, and P=.50
for group 3; Table 2; Figure 6A).

Figure 6. Visualization of secondary outcomes for all participants. (A) Subjective comprehension scores among communication recipients. (B) Changes
in communication recipients' anxiety levels before and after the interaction. (C) Subjective satisfaction scores among communication recipients.
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Anxiety (Exploratory)
Notably, improvements in recipients’ anxiety did not differ
meaningfully across communication modalities:

• STAI Y-1: for state anxiety, defined as momentary anxious
reactivity, the pre-to-post change did not differ significantly
between modalities (P=.37; groups 1A+2A+3A vs
1B+2B+3B).

• STAI Y-2: for trait anxiety, reflecting the general tendency
to experience anxiety, the change from precommunication
to postcommunication did not differ significantly (P=.84;
groups 1A+2A+3A vs 1B+2B+3B; Table 2; Figure 6B).

Standardization-Related Outcomes

Communication Duration

Differences in communication time between groups were not
statistically significant (P=.76: group 1A vs 1B; P=.93: group
2A vs 2B; P=.67: group 3A vs 3B; P=.73: groups 1A+2A+3A
vs 1B+2B+3B).

SEGUE Score

There were no significant differences in the interviewing
neurosurgeons’ communication skills across groups (P=.60:
group 1A vs group 1B; P=.07: group 2A vs group 2B; P=.26:
group 3A vs group 3B; P=.60: groups 1A+2A+3A vs groups
1B+2B+3B; Table 2).

Communication Satisfaction (Exploratory)
Regarding subjective satisfaction, scores were higher in the AR
group across all strata (P=.01: group 1A vs group 1B; P=.03:
group 2A vs group 2B; P=.04: group 3A vs group 3B). The AR
group’s communication satisfaction scores were also higher
than those of the physical-model group in the pooled comparison
(P<.001: groups 1A+2A+3A vs groups 1B+2B+3B; Table 2;
Figure 6C).

Recipient-Type Distribution and Robustness Analyses
Recipient-type distribution was similar between groups (AR:
17/32, 53%, patients and 15/32, 47%, LARs; physical model:
13/30, 43%, patients and 17/30, 57%, LARs; Fisher exact test
P=.46; Table 1). Recipient-type robustness analyses did not
suggest that anxiety or satisfaction outcomes were driven by
recipient-type composition. Interaction tests were not statistically
significant for subjective understanding, satisfaction, or anxiety
outcomes (Pinteraction=.22 for subjective understanding;
Pinteraction=.07 for communication satisfaction; Pinteraction=.71 for
ΔSTAI Y-1; and Pinteraction=.93 for ΔSTAI Y-2). However, for
communication satisfaction, the group × recipient-type
interaction approached conventional significance
(Pinteraction=.07), with a substantially larger absolute AR – control
difference among LARs (37.40 vs 24.71; Δ≈12.7 points) than
among patients (37.29 vs 32.92; Δ≈4.4 points; Table 3).

Adjusting for recipient type did not change the overall
conclusions (objective understanding P=.006). Robustness
results are presented in Table 3.

Table 3. Recipient-type subgroup and sensitivity analyses (patients vs LARa) for postcommunication outcomes.

P value
adjusted

P value in-
teraction
(group ×
recipient
type)

P value
(LARs)

LARs control
(n=17), mean
(SD)

LARs’ AR
(n=15),
mean (SD)

P value (pa-
tients)

Patients con-
trol (n=13),
mean (SD)

Patients’ ARb

(n=17), mean
(SD)

Outcome

.006c.09<.001c9.97 (3.57)14.53
(3.45)

.4711.38 (2.97)12.47 (5.03)Objective understanding score

.45.22.1821.65 (8.01)25.73
(8.68)

.6925.85 (7.14)24.71 (8.51)Subjective understanding score

<.001c.07<.001c24.71 (9.77)d37.40

(9.18)d
.1632.92 (8.63)37.29 (7.65)Communication satisfaction score

.41.71.721.41 (13.99)3.00
(10.58)

.432.46 (13.06)6.59 (15.12)ΔSTAIe Y-1

.86.93.940.00 (10.69)–0.27
(10.67)

.86–0.23 (10.34)–1.06 (14.48)ΔSTAI Y-2

aLAR: legally authorized representative.
bAR: augmented reality.
cP values show statistical significance.
dReported as median (IQR) because the corresponding subgroup data were nonnormally distributed. P adjusted indicates the treatment-group effect
from the sensitivity model adjusted for recipient type.
eSTAI: State Anxiety Inventory.
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Discussion

Principal Findings
In the prespecified pooled primary confirmatory analysis,
AR-assisted preoperative risk communication in
neurosurgery—compared with conventional aids centered on
physical models—significantly improved recipients’ objective
understanding of the current condition and surgery-related
information. Although gains in self-perceived understanding
were modest, recipients reported high subjective satisfaction
with the communication. These effects are consistent with AR’s
intuitive, 3D, and comprehensive spatial visualization. In
addition, user-friendly head-mounted AR devices support
real-time human-computer interaction, which may further
enhance both subjective satisfaction with the process and
objective understanding of the content. This pattern aligns with
prior work showing that digital 3D planning tools improve the
quality of surgeon-patient communication during informed
consent and objectively promote patients’understanding of their
condition [4,19].

Notably, objective understanding did not differ significantly
between groups in the frontal lobe approach subgroup (P=.57).
This null finding should be interpreted cautiously. First, our a
priori sample size calculation was based on the primary overall
comparison and assumed a very large effect size (Cohen
d=1.50). The frontal subgroup included only 9 and 11
participants and was therefore likely underpowered to detect
moderate effects; the nonsignificant result may represent a type
II error rather than evidence of no effect. Second, a clinically
plausible explanation is that frontal approaches may involve
relatively intuitive anatomical landmarks and a more
straightforward surgical corridor; in such situations, a generic
3D physical anatomical model may already provide sufficient
spatial cues for lay recipients, leaving limited room for
additional improvement with AR (ie, a potential ceiling effect).
By contrast, when lesions are deeper, risk-relevant structures
are less visually accessible, or the planned corridor is more
circuitous, AR may offer greater incremental value through
multiangle exploration and dynamic, structure-specific
highlighting and annotation. Taken together, the
location/approach subgroup findings (including both significant
and nonsignificant results) should be considered exploratory
and hypothesis-generating.

Moreover, the control group demonstrated relatively low
objective understanding scores (mean 9.40 and 9.28 out of 20
for the parietal and occipital regions, respectively), raising the
question of whether physical model–based explanations are
sufficiently effective for communicating complex surgical
concepts. This low baseline performance may reflect the inherent
challenges of explaining intricate surgical procedures using
static models, or it may indicate that the standard physical model
fails to adequately convey 3D anatomical relationships. This
finding highlights the potential benefit of AR-assisted
visualizations, which may better engage patients and provide
more intuitive, spatially accurate representations.

Our study design could not fully disentangle the effect of
personalization from that of the immersive technology.

Specifically, the AR arm provided a patient-tailored 3D
visualization based on the communication recipient’s routine
imaging and adjusted to the lesion location, whereas the control
arm used a generic physical anatomical model; therefore, the
observed improvement in objective understanding may partly
reflect content specificity rather than the AR delivery method
itself. We did not include a patient-specific 2D imaging arm
because this PoC trial was designed as a pragmatic study aligned
with routine clinical practice in our mainland China setting,
where generic physical anatomical models are among the most
commonly used adjuncts for anatomy teaching and preoperative
communication in many surgical departments. Moreover, in
real preoperative neurosurgical risk communication,
patient-specific 2D images alone are often difficult for
nonexperts to interpret and may be insufficient to convey
complex 3D relationships critical for risk discussion (eg, lesion
depth, adjacency to eloquent regions, and surgical corridors).
Finally, it is important to acknowledge that the use of AR in
preoperative neurosurgical risk communication inherently
combines 2 inseparable features—patient-specific
personalization and an immersive, interactive experience. In
real-world applications, these attributes do not operate in
isolation but function as an integrated whole, jointly shaping
communication outcomes. We therefore believe that the
improved objective understanding of the surgical plan and
related risks among communication recipients reflects the
synergistic effects of personalization and immersive interaction.
In addition, because head-mounted spatial presentation (in situ
overlay) and enhanced interactivity (dynamic view
manipulation) co-occurred in the AR workflow, this PoC design
was not intended to determine which of these components
primarily drove the observed differences.

We emphasize that AR’s 3D, immersive, and interactive features
provide spatial anchors for apprehending complex intracranial
anatomy and surgical pathways. In this study, “enhanced
interactivity” refers to tool affordances that allow rapid
switching between views (eg, rotation/zoom, structure toggling,
transparency adjustment, and clipping planes) during joint
clinician-recipient exploration of the 3D model; physical models
also support interaction (eg, holding, rotating, and pointing),
but with fewer view-manipulation affordances. In addition to
conventional verbal explanations and physical anatomical
models, AR head-mounted displays can provide an optional
patient-specific 3D visualization. During the session, the
clinician and the communication recipient can jointly orient to
key structures, the target lesion, and clinically relevant risk
regions using the same visual reference.

By rendering abstract spatial information visible and
manipulable, AR affords an immersive, participatory experience
that improves objective understanding and increases satisfaction.
It is worth noting that although the mean changes in state anxiety
(ΔSTAI Y-1) did not differ significantly between groups, the
data revealed high variance across all strata (eg, SDs ranging
from 7.35 to 19.32 in AR groups and reaching 13.52 in the
parietal control group). This substantial variability suggests that
high-fidelity visualization—whether via AR or physical
models—may exert a “polarizing effect” on recipients’
emotional states. This interpretation is consistent with recent

J Med Internet Res 2026 | vol. 28 | e87198 | p. 17https://www.jmir.org/2026/1/e87198
(page number not for citation purposes)

Yuan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


meta-analytic evidence indicating that, while virtual modalities
consistently improve understanding, their impact on anxiety
remains variable and nonsignificant compared with standard
care [28]. For some individuals, the “unveiling” of the lesion’s
precise location reduces the fear of the unknown, providing
reassurance. Conversely, for others, the vivid and realistic
depiction of the pathology may overwhelm their coping
mechanisms. This aligns with modern psychological frameworks
on “information avoidance,” which posit that detailed disclosure
of threatening health information can paradoxically heighten
distress in individuals prone to blunting coping styles, despite
the objective gain in knowledge [29]. Therefore, the
nonsignificant difference in mean anxiety scores likely reflects
these opposing reactions canceling each other out. Meanwhile,
self-rated understanding is strongly influenced by prior
knowledge, expectations, and emotional state; over short
intervals, it may not rise in parallel with objective measures, a
finding consistent with our results [30]. These observations
suggest that a single preoperative discussion is a necessary
component of SDM but not a complete intervention chain. A
comprehensive SDM process should integrate emotional support,
psychoeducation, and expectation management into multi–time
point, multichannel, continuous communication, coupled with
c o u n s e l i n g  a n d  f o l l ow - u p  a c r o s s  t h e
preoperative-intraoperative-postoperative continuum. Within
this chain, AR should function not merely as a display tool but
as a vehicle for preference clarification and value prioritization.
Integrating humanistic care with emerging assistive technologies
is a likely future direction for clinician-patient communication.

Finally, there is another interesting result in this study. Our
recipient-type robustness analyses also suggest a potentially
meaningful trend in communication satisfaction. Although the
group × recipient-type interaction did not reach the conventional
threshold for statistical significance (Pinteraction=.07), the
magnitude of the AR-associated improvement was substantially
larger among LARs (≈12.7-point higher mean satisfaction vs
control) than among patients (≈4.4-point higher vs control;
Table 3). This pattern is hypothesis-generating, and the present
PoC trial was not powered to test effect modification by
recipient type; nevertheless, it is clinically plausible that
surrogate decision makers may derive greater reassurance and
perceived communication quality from patient-specific,
manipulable visualization that clarifies anatomical localization
and risk-relevant structures in real time. Future multicenter trials
with adequate power should prespecify and evaluate
recipient-type subgroup effects on satisfaction and related
decisional outcomes.

Comparison With Prior Work
During surgical consultations, clinician-patient dialogue often
fails to establish a shared understanding of the anticipated care
experience or alignment with patients’overarching health goals
[31,32]. Although surgeons must provide information to support
autonomous decision-making, both surgeons and patients may
treat informed consent as perfunctory. With its emphasis on
1-way information flow, the process affords limited real-time
feedback from patients and often does not prompt reflection on
the personal value of surgery or preparation for potential
complications. Medicolegal reviews indicate that failure to

explain surgical risks and adverse events is the most frequent
allegation raised by plaintiffs [33]. SDM is designed to align
therapeutic choices with patients’ objectives and, in principle,
addresses this deficit [34]. Clinically, SDM commonly involves
the neurosurgeon outlining to the patient or LAR the pros and
cons of 2 or more therapeutic alternatives [35]. In this process,
the mode of communication largely determines effectiveness;
the judicious use of assistive technologies in preoperative risk
communication can increase patient engagement in
decision-making and strengthen both risk communication and
SDM. At present, many artificial intelligence–designed
decision-support tools (eg, decision aids and question-prompt
lists) emphasize information analytics and behavioral prediction
while paying relatively little attention to the bidirectional
interactions needed to elicit, refine, and apply patient preferences
or to support the communication process itself [36,37].

AR can help address these shortcomings by three-dimensionally
visualizing personalized virtual models and overlaying them
onto the physical clinical environment. Head-mounted AR
devices allow real-time interaction via gestures or voice
commands, enabling clinicians and patients to bridge the
cognitive gap created by abstract spatial concepts. Under
illness-related vulnerability and persistent information
asymmetry, merely presenting options and describing their pros
and cons does little to reduce information and power
differentials—particularly in highly anxious contexts [38]. By
overlaying virtual models onto the real-world setting, AR gives
recipients access to otherwise latent anatomical relationships,
substantially improving spatial understanding and the accuracy
of risk localization. This, in turn, narrows—at least in the short
term—the knowledge gap between clinicians and patients, as
confirmed in our study.

Within the SEGUE framework, we minimized confounding
from within-group variation in neurosurgeons’ communication
competence and quantified skills using SEGUE scores to ensure
appropriate assessment and control. This exploratory trial
focused on the acceptability of AR assistance in real-world
preoperative neurosurgical communication, the feasibility of
implementation, and preliminary effects. The findings can guide
industry partners in pursuing targeted product refinements for
specific clinical scenarios and provide a practical foundation
for improving models of neurosurgical preoperative risk
communication.

From a clinical perspective, our results suggest that AR-assisted,
patient-specific visualization may be a useful adjunct to standard
preoperative risk and treatment plan communication, particularly
when spatial understanding of neuroanatomy and surgery-related
risk regions is critical. Importantly, AR should be viewed as a
communication aid rather than a substitute for clinician
communication skills; structured, empathic, and comprehensible
explanations remain essential regardless of the visualization
modality. At present, domestic head-mounted AR devices have
not achieved full mass production, and versions for medical
scenarios remain under continuous optimization. Critical
components, including device reliability, hospital information
system interfacing, data security, and legal scrutiny, are still
evolving, which objectively limits short-term adoption.
Nevertheless, with the maturation of the supply chain and
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software ecosystem, and with declining device costs, domestic
AR devices are likely to be used more frequently in local health
care contexts, enabling more targeted services and greater
benefit for patients.

Implementation considerations such as usability, staff training
burden, workflow integration, and privacy/data security
compliance are important for real-world deployment; however,
these factors (including costs and cost-effectiveness) were not
evaluated in the present PoC trial. Therefore, our findings should
not be interpreted as evidence that AR is ready for widespread
adoption; rather, they motivate larger, multicenter, pragmatic
studies, together with implementation and economic evaluations,
to clarify feasibility and value across diverse health care settings.

Limitations
Our study has several limitations. First, this was a single-center
study with a modest sample size, which may limit
generalizability. Multiple comparisons are an important
limitation of this PoC study. We prespecified a single primary
confirmatory comparison (pooled objective understanding) and
treated all other comparisons as exploratory and unadjusted;
nominally significant exploratory findings should be interpreted
cautiously and confirmed in adequately powered trials with
prespecified multiplicity-control strategies. Second, clinicians
and participants could not be blinded to the visualization
modality, introducing potential performance and novelty effects.
Although SEGUE scoring was conducted by independent
assessors who were not informed of group allocation, complete
blinding may have been compromised because the AR headset
could be visible in the video recordings; therefore, observer bias
in SEGUE ratings cannot be excluded. Third, the costs of
learning and process change deserve attention. Despite no
significant difference in communication time between the AR
and traditional model groups, widespread routine use of AR as
a communication aid will require clinicians to spend time
beforehand learning and adapting to the associated hardware
and software processes. To maximize personalized and targeted
communication effects, clinicians also need additional time for
preparation before the conversation. We recognize that, for
neurosurgical services with heavy workloads, such upfront
commitments can create implementation challenges. Even so,
additional time ought to be considered a normal element of
precommunication preparation, because preoperative rehearsal
is beneficial for surgeons, while its effect on care cadence should

be balanced through improved processes and a clear division
of labor. Furthermore, although we standardized the core
informational items delivered in both arms, AR enables dynamic
view manipulation and patient-specific visualization, which
may alter the salience and perceived amount of information (ie,
“effective information load”). Therefore, the observed
improvement in objective understanding may reflect not only
the technological modality itself but also the integrated features
of an AR-assisted visualization package (patient-specific
reconstruction and adjustable views). Future studies should
include component-isolating comparators (eg, patient-specific
3D visualization delivered on a conventional 2D display, or
generic 3D content delivered via AR with standardized
interactivity levels) or factorial designs to disentangle
personalization, spatial presentation, and interactivity. Fourth,
participant heterogeneity should be noted. In keeping with
real-world neurosurgical consent processes, some assessments
were completed by LARs rather than patients. Although our
intervention targets the communication recipient and
preoperative decision maker, anxiety and comprehension may
differ between patients and proxies. This PoC study was not
powered to formally compare effects across recipient types.

Conclusions
In this PoC randomized trial, AR-assisted preoperative risk
communication was associated with higher objective
understanding of surgery-related information and greater
communication satisfaction than communication supported by
a conventional physical anatomical model. As the AR arm
inherently bundled patient-specific anatomical content,
head-mounted spatial presentation, and dynamic view
manipulation, these findings should be interpreted as evidence
for an integrated visualization-support package rather than for
AR hardware alone. AR’s interactive, 3D visualizations provide
a more intuitive representation of complex neuroanatomical
structures, improving spatial comprehension and enhancing
communication satisfaction. While AR did not significantly
reduce recipients’ anxiety compared with the physical model,
it facilitated a more engaging and participatory experience,
aligning with the principles of SDM. Within a standardized
SEGUE-informed communication protocol, AR-assisted,
real-time, patient-specific visualization may serve as a useful
adjunct to SDM by improving recipients’ objective
understanding of key anatomical and risk-related information.

Acknowledgments
This study was supported by the Medical Statistics Support Center of the National Institute of Health and Medical Big Data at
Xiamen University Medical School. Special acknowledgment is due to technician Ying Zhou (Medical Statistical Consultancy
Services Program, National Institute for Data Science in Health and Medicine, School of Medicine, Xiamen University) for her
help and guidance in the medical statistics consulting service project.

Data Availability
The datasets used or analyzed in this study are available from the corresponding author (ZW) upon reasonable request.

Conflicts of Interest
None declared.

J Med Internet Res 2026 | vol. 28 | e87198 | p. 19https://www.jmir.org/2026/1/e87198
(page number not for citation purposes)

Yuan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Editorial Notice
This randomized study was retrospectively registered, explained by authors as an administrative error. The editor granted an
exception from ICMJE rules mandating prospective registration of randomized trials, because the approving IRB (the Ethics
Committee of the First Affiliated Hospital of Xiamen University) provided a statement confirming that the protocol, including
study design, methodology, and participant protection measures, remains consistent with the version reviewed by the committee.
However, readers are advised to carefully assess the validity of any potential explicit or implicit claims related to primary outcomes
or effectiveness, as retrospective registration does not prevent authors from changing their outcome measures retrospectively.

Multimedia Appendix 1
SeerLens B50R AR Glasses (Xvisio Technology): a complete augmented reality solution for commercial use.
[PDF File (Adobe PDF File), 4908 KB-Multimedia Appendix 1]

Multimedia Appendix 2
A prespecified, standardized risk communication checklist based on the SEGUE framework, applied by clinicians in both trial
arms. SEGUE: set the stage, elicit information, give information, understand the patient’s perspective, and end the encounter.
[DOCX File , 13 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Subjective Understanding Rating Scale (item structure and scoring system).
[DOCX File , 17 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Objective assessment of medical knowledge comprehension following risk communication, comprising a 20-item questionnaire
and scoring rubric.
[DOCX File , 21 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Communication Satisfaction Rating Scale (item structure and scoring system).
[DOCX File , 17 KB-Multimedia Appendix 5]

Multimedia Appendix 6
CONSORT (Consolidated Standards of Reporting Trials) checklist.
[PDF File (Adobe PDF File), 122 KB-Multimedia Appendix 6]

References

1. Ong L, de Haes J, Hoos A, Lammes F. Doctor-patient communication: a review of the literature. Soc Sci Med. Apr
1995;40(7):903-918. [doi: 10.1016/0277-9536(94)00155-m] [Medline: 7792630]

2. Singh M. Communication as a bridge to build a sound doctor-patient/parent relationship. Indian J Pediatr. Jan 1,
2016;83(1):33-37. [doi: 10.1007/s12098-015-1853-9] [Medline: 26228061]

3. Charles C, Gafni A, Whelan T. Shared decision-making in the medical encounter: what does it mean? (or it takes at least
two to tango). Soc Sci Med. Mar 1997;44(5):681-692. [doi: 10.1016/s0277-9536(96)00221-3] [Medline: 9032835]

4. Perin A, Galbiati TF, Ayadi R, Gambatesa E, Orena EF, Riker NI, et al. Informed consent through 3D virtual reality: a
randomized clinical trial. Acta Neurochir (Wien). Feb 03, 2021;163(2):301-308. [doi: 10.1007/s00701-020-04303-y]
[Medline: 32242272]

5. McDougall RJ. Computer knows best? The need for value-flexibility in medical AI. J Med Ethics. Mar 22,
2019;45(3):156-160. [doi: 10.1136/medethics-2018-105118] [Medline: 30467198]

6. Niburski K, Guadagno E, Abbasgholizadeh-Rahimi S, Poenaru D. Shared decision making in surgery: a meta-analysis of
existing literature. Patient. Dec 03, 2020;13(6):667-681. [doi: 10.1007/s40271-020-00443-6] [Medline: 32880820]

7. Covello VT. Risk communication: an emerging area of health communication research. Annals of the International
Communication Association. May 18, 2016;15(1):359-373. [doi: 10.1080/23808985.1992.11678816]

8. Matiasek J, Wynia MK. Reconceptualizing the informed consent process at eight innovative hospitals. Jt Comm J Qual
Patient Saf. Mar 2008;34(3):127-137. [doi: 10.1016/s1553-7250(08)34015-x] [Medline: 18419042]

9. Bernat JL, Peterson LM. Patient-centered informed consent in surgical practice. Arch Surg. Jan 01, 2006;141(1):86-92.
[doi: 10.1001/archsurg.141.1.86] [Medline: 16415417]

J Med Internet Res 2026 | vol. 28 | e87198 | p. 20https://www.jmir.org/2026/1/e87198
(page number not for citation purposes)

Yuan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v28i1e87198_app1.pdf&filename=52ca1a2762eaabeb65a87f19f3f4dbcd.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e87198_app1.pdf&filename=52ca1a2762eaabeb65a87f19f3f4dbcd.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e87198_app2.docx&filename=8e65350a452b5ed887d16321fc77e198.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e87198_app2.docx&filename=8e65350a452b5ed887d16321fc77e198.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e87198_app3.docx&filename=6bfae54539934ef1e2e0d5757eee8652.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e87198_app3.docx&filename=6bfae54539934ef1e2e0d5757eee8652.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e87198_app4.docx&filename=d4360a7e3eab5a9c74e843c12b7e0baa.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e87198_app4.docx&filename=d4360a7e3eab5a9c74e843c12b7e0baa.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e87198_app5.docx&filename=263fec294b6b4b28a42f664883a316a3.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e87198_app5.docx&filename=263fec294b6b4b28a42f664883a316a3.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e87198_app6.pdf&filename=0ef09bac8e11c5b5e905fd5c5fba227d.pdf
https://jmir.org/api/download?alt_name=jmir_v28i1e87198_app6.pdf&filename=0ef09bac8e11c5b5e905fd5c5fba227d.pdf
http://dx.doi.org/10.1016/0277-9536(94)00155-m
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7792630&dopt=Abstract
http://dx.doi.org/10.1007/s12098-015-1853-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26228061&dopt=Abstract
http://dx.doi.org/10.1016/s0277-9536(96)00221-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9032835&dopt=Abstract
http://dx.doi.org/10.1007/s00701-020-04303-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32242272&dopt=Abstract
http://dx.doi.org/10.1136/medethics-2018-105118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30467198&dopt=Abstract
http://dx.doi.org/10.1007/s40271-020-00443-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32880820&dopt=Abstract
http://dx.doi.org/10.1080/23808985.1992.11678816
http://dx.doi.org/10.1016/s1553-7250(08)34015-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18419042&dopt=Abstract
http://dx.doi.org/10.1001/archsurg.141.1.86
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16415417&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


10. Schillinger D, Duran ND, McNamara DS, Crossley SA, Balyan R, Karter AJ. Precision communication: physicians' linguistic
adaptation to patients' health literacy. Sci Adv. Dec 17, 2021;7(51):1-12. [FREE Full text] [doi: 10.1126/sciadv.abj2836]
[Medline: 34919437]

11. Cocanour CS. Informed consent-it's more than a signature on a piece of paper. Am J Surg. Dec 2017;214(6):993-997. [doi:
10.1016/j.amjsurg.2017.09.015] [Medline: 28974311]

12. Landriel Ibañez FA, Hem S, Ajler P, Vecchi E, Ciraolo C, Baccanelli M, et al. A new classification of complications in
neurosurgery. World Neurosurg. May 2011;75(5-6):709-15; discussion 604. [doi: 10.1016/j.wneu.2010.11.010] [Medline:
21704941]

13. Jena AB, Seabury S, Lakdawalla D, Chandra A. Malpractice risk according to physician specialty. N Engl J Med. Aug 18,
2011;365(7):629-636. [doi: 10.1056/nejmsa1012370]

14. Epstein NE. A review of medicolegal malpractice suits involving cervical spine: what can we learn or change? J Spinal
Disord Tech. Feb 2011;24(1):15-19. [doi: 10.1097/BSD.0b013e3181c752ab] [Medline: 20087227]

15. Paasche-Orlow MK, Taylor HA, Brancati FL. Readability standards for informed-consent forms as compared with actual
readability. N Engl J Med. Feb 20, 2003;348(8):721-726. [doi: 10.1056/nejmsa021212]

16. He J, Baxter SL, Xu J, Xu J, Zhou X, Zhang K. The practical implementation of artificial intelligence technologies in
medicine. Nat Med. Jan 7, 2019;25(1):30-36. [FREE Full text] [doi: 10.1038/s41591-018-0307-0] [Medline: 30617336]

17. Hoffmann TC, Montori VM, Del Mar C. The connection between evidence-based medicine and shared decision making.
JAMA. Oct 01, 2014;312(13):1295-1296. [doi: 10.1001/jama.2014.10186] [Medline: 25268434]

18. Shay LA, Lafata JE. Where is the evidence? A systematic review of shared decision making and patient outcomes. Med
Decis Making. Oct 28, 2014;35(1):114-131. [doi: 10.1177/0272989x14551638]

19. Antel R, Abbasgholizadeh-Rahimi S, Guadagno E, Harley JM, Poenaru D. The use of artificial intelligence and virtual
reality in doctor-patient risk communication: a scoping review. Patient Educ Couns. Oct 2022;105(10):3038-3050. [doi:
10.1016/j.pec.2022.06.006] [Medline: 35725526]

20. Seetohul J, Shafiee M, Sirlantzis K. Augmented reality (AR) for surgical robotic and autonomous systems: state of the art,
challenges, and solutions. Sensors (Basel). Jul 06, 2023;23(13):6202. [FREE Full text] [doi: 10.3390/s23136202] [Medline:
37448050]

21. Bui DT, Barnett T, Hoang H, Chinthammit W. Usability of augmented reality technology in tele-mentorship for managing
clinical scenarios-a study protocol. PLoS One. Mar 31, 2022;17(3):e0266255-e0266266. [FREE Full text] [doi:
10.1371/journal.pone.0266255] [Medline: 35358249]

22. Giraldo J, Cho S, Eghrari N, Dholaria N, Farber S, Ehredt R, et al. Advances in neurosurgical education: literature review
of mixed-reality simulation models and novel mixed-reality spine prototype. J Neurosurg Spine. Mar 01, 2025;42(3):385-398.
[doi: 10.3171/2024.8.SPINE24237] [Medline: 39752650]

23. Aguilar-Salinas P, Gutierrez-Aguirre SF, Avila MJ, Nakaji P. Current status of augmented reality in cerebrovascular surgery:
a systematic review. Neurosurg Rev. Jun 11, 2022;45(3):1951-1964. [doi: 10.1007/s10143-022-01733-3] [Medline:
35149900]

24. Skapinakis P. Spielberger State-Trait Anxiety Inventory. In: Encyclopedia of Quality of Life and Well-Being Research.
Dordrecht, The Netherlands. Springer; Jan 01, 2014:6261-6264.

25. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I, et al. The Montreal Cognitive Assessment,
MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr Soc. Apr 30, 2005;53(4):695-699. [doi:
10.1111/j.1532-5415.2005.53221.x] [Medline: 15817019]

26. Makoul G. The SEGUE framework for teaching and assessing communication skills. Patient Educ Couns. Oct 01,
2001;45(1):23-34. [doi: 10.1016/s0738-3991(01)00136-7] [Medline: 11602365]

27. Med Sci. URL: https://scales.arabpsychology.com/Ch/state-trait-anxiety-inventory-stai-form-y-chinese-version/ [accessed
2026-04-04]

28. Wehrkamp K, Miksch RC, Polzer H, Gilbert F, Bühner M, Holzapfel BM, et al. The impact of virtual-, augmented- and
mixed reality during preoperative informed consent: a systematic review of the literature. J Med Syst. Jun 24,
2025;49(1):89-109. [doi: 10.1007/s10916-025-02217-9] [Medline: 40555846]

29. Sweeny K, Melnyk D, Miller W, Shepperd JA. Information avoidance: who, what, when, and why. Review of General
Psychology. Dec 01, 2010;14(4):340-353. [doi: 10.1037/a0021288]

30. Eberhart L, Aust H, Schuster M, Sturm T, Gehling M, Euteneuer F, et al. Preoperative anxiety in adults - a cross-sectional
study on specific fears and risk factors. BMC Psychiatry. Mar 30, 2020;20(1):140. [FREE Full text] [doi:
10.1186/s12888-020-02552-w] [Medline: 32228525]

31. Oshima Lee E, Emanuel EJ. Shared decision making to improve care and reduce costs. N Engl J Med. Jan 03, 2013;368(1):6-8.
[doi: 10.1056/nejmp1209500]

32. Stalter LN, Baggett ND, Hanlon BM, Buffington A, Kalbfell EL, Zelenski AB, et al. Identifying patterns in preoperative
communication about high-risk surgical intervention: a secondary analysis of a randomized clinical trial. Med Decis Making.
Apr 10, 2023;43(4):487-497. [doi: 10.1177/0272989x231164142]

J Med Internet Res 2026 | vol. 28 | e87198 | p. 21https://www.jmir.org/2026/1/e87198
(page number not for citation purposes)

Yuan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https:///www.science.org/doi/10.1126/sciadv.abj2836?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1126/sciadv.abj2836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34919437&dopt=Abstract
http://dx.doi.org/10.1016/j.amjsurg.2017.09.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28974311&dopt=Abstract
http://dx.doi.org/10.1016/j.wneu.2010.11.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21704941&dopt=Abstract
http://dx.doi.org/10.1056/nejmsa1012370
http://dx.doi.org/10.1097/BSD.0b013e3181c752ab
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20087227&dopt=Abstract
http://dx.doi.org/10.1056/nejmsa021212
https://europepmc.org/abstract/MED/30617336
http://dx.doi.org/10.1038/s41591-018-0307-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30617336&dopt=Abstract
http://dx.doi.org/10.1001/jama.2014.10186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25268434&dopt=Abstract
http://dx.doi.org/10.1177/0272989x14551638
http://dx.doi.org/10.1016/j.pec.2022.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35725526&dopt=Abstract
https://www.mdpi.com/resolver?pii=s23136202
http://dx.doi.org/10.3390/s23136202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37448050&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0266255
http://dx.doi.org/10.1371/journal.pone.0266255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35358249&dopt=Abstract
http://dx.doi.org/10.3171/2024.8.SPINE24237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39752650&dopt=Abstract
http://dx.doi.org/10.1007/s10143-022-01733-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35149900&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15817019&dopt=Abstract
http://dx.doi.org/10.1016/s0738-3991(01)00136-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11602365&dopt=Abstract
https://scales.arabpsychology.com/Ch/state-trait-anxiety-inventory-stai-form-y-chinese-version/
http://dx.doi.org/10.1007/s10916-025-02217-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40555846&dopt=Abstract
http://dx.doi.org/10.1037/a0021288
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-020-02552-w
http://dx.doi.org/10.1186/s12888-020-02552-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32228525&dopt=Abstract
http://dx.doi.org/10.1056/nejmp1209500
http://dx.doi.org/10.1177/0272989x231164142
http://www.w3.org/Style/XSL
http://www.renderx.com/


33. Di Paolo M, Gori F, Papi L, Turillazzi E. A review and analysis of new Italian law 219/2017: 'provisions for informed
consent and advance directives treatment'. BMC Med Ethics. Mar 04, 2019;20(1):17. [FREE Full text] [doi:
10.1186/s12910-019-0353-2] [Medline: 30832644]

34. Bruch JD, Khazen M, Mahmic-Kaknjo M, Légaré F, Ellen ME. The effects of shared decision making on health outcomes,
health care quality, cost, and consultation time: an umbrella review. Patient Educ Couns. Dec 2024;129:108408. [doi:
10.1016/j.pec.2024.108408] [Medline: 39214045]

35. Couët N, Desroches S, Robitaille H, Vaillancourt H, Leblanc A, Turcotte S, et al. Assessments of the extent to which
health-care providers involve patients in decision making: a systematic review of studies using the OPTION instrument.
Health Expect. Aug 04, 2015;18(4):542-561. [FREE Full text] [doi: 10.1111/hex.12054] [Medline: 23451939]

36. Baggett ND, Schulz K, Buffington A, Marka N, Hanlon BM, Zimmermann C, et al. Surgeon use of shared decision-making
for older adults considering major surgery: a secondary analysis of a randomized clinical trial. JAMA Surg. May 01,
2022;157(5):406-413. [FREE Full text] [doi: 10.1001/jamasurg.2022.0290] [Medline: 35319737]

37. Gerwing J, Gulbrandsen P. Contextualizing decisions: stepping out of the SDM track. Patient Educ Couns. May
2019;102(5):815-816. [doi: 10.1016/j.pec.2019.03.024] [Medline: 31036288]

38. Pilnick A, Dingwall R. On the remarkable persistence of asymmetry in doctor/patient interaction: a critical review. Soc Sci
Med. Apr 2011;72(8):1374-1382. [doi: 10.1016/j.socscimed.2011.02.033] [Medline: 21454003]

Abbreviations
AR: augmented reality
CONSORT: Consolidated Standards of Reporting Trials
DICOM: Digital Imaging and Communications in Medicine
LAR: legally authorized representative
MoCA: Montreal Cognitive Assessment
PoC: proof of concept
SDM: shared decision-making
SEGUE: set the stage, elicit information, give information, understand the patient’s perspective, and end the
encounter
STAI: State-Trait Anxiety Inventory

Edited by A Coristine; submitted 05.Nov.2025; peer-reviewed by W Guo, O Akinpeloye; comments to author 16.Jan.2026; accepted
30.Mar.2026; published 17.Apr.2026

Please cite as:
Yuan Z, Shi Z, Wang Z
The Real-Time Support Role of Augmented Reality Technology in Shared Decision-Making in Neurosurgery Under the SEGUE
Framework: Randomized Controlled Trial
J Med Internet Res 2026;28:e87198
URL: https://www.jmir.org/2026/1/e87198
doi: 10.2196/87198
PMID:

©Zhengbo Yuan, Zhongjie Shi, Zhanxiang Wang. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 17.Apr.2026. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is properly
cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright
and license information must be included.

J Med Internet Res 2026 | vol. 28 | e87198 | p. 22https://www.jmir.org/2026/1/e87198
(page number not for citation purposes)

Yuan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://bmcmedethics.biomedcentral.com/articles/10.1186/s12910-019-0353-2
http://dx.doi.org/10.1186/s12910-019-0353-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30832644&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2024.108408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39214045&dopt=Abstract
https://europepmc.org/abstract/MED/23451939
http://dx.doi.org/10.1111/hex.12054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23451939&dopt=Abstract
https://europepmc.org/abstract/MED/35319737
http://dx.doi.org/10.1001/jamasurg.2022.0290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35319737&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2019.03.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31036288&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2011.02.033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21454003&dopt=Abstract
https://www.jmir.org/2026/1/e87198
http://dx.doi.org/10.2196/87198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

