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Abstract

Background: Lumbar puncture (LP) is a diagnostic procedure in geriatric medicine but may be technically challenging in
older adults with spinal deformities, osteoarthritis, frailty, or cognitive impairment. Simulation-based training can provide
repeated practice without patient risk. Augmented reality (AR) systems may improve anatomical visualization and sensory
feedback, but their added value compared with mannequin-based simulators and whether perceptions differ according to
clinical experience remain uncertain.

Objective: This study aimed to compare the user experience (UX) of a traditional mannequin-based LP simulator (M43E;
T-S) and an augmented reality simulator with haptic feedback (Sim&Care 2; AR-S) across levels of expertise.

Methods: We conducted a single-center, randomized-order, within-participant comparative UX study at Angers University
Hospital, France, in June 2025. A total of 30 participants (n=7, 23.3% sixth-year medical students; n=16, 53.3% postgraduate
medical students; and n=7, 23.3% graduated physicians) used both simulators for 15 minutes each, with the exposure
order randomized. After each session, participants completed an exploratory 5-point Likert questionnaire assessing face
validity (FV), usability, perceived educational value (PEV), and overall satisfaction. After both sessions, they reported
simulator preference, reasons for preference, and intention to reuse each simulator; open-ended comments were collected.
Dimension-level paired comparisons were performed using the Wilcoxon signed-rank test, expertise-group comparisons used
the Kruskal-Wallis test, and categorical outcomes were analyzed using the chi-square test. [tem-level analyses were considered
exploratory.

Results: The AR-S achieved higher composite scores than the T-S for FV (median 3.8 [IQR 3.6-4.2] vs 3.4 [IQR 3.2-3.8];
P=.02) and PEV (median 4 [IQR 3.8-4.6] vs 3.6 [IQR 3.4-4.2]; P=.02). No significant differences were observed for
usability (median 4.3 [IQR 4-4.95] vs 4.6 [IQR 4.4-4.8]; P=.11) or overall satisfaction (median 4 [IQR 4-5] vs 4 [IQR
3-4]; P=.16). Exploratory item-level analyses indicated higher ratings for the AR-S for anatomical realism (P=.03), tactile
sensations (P=.003), and perceived acquisition of new knowledge (P=.005), whereas the T-S was rated higher for ease of
use (P=.01), clarity of instructions (P=.01), and ease of operation during the procedure (P=.003). Overall preference was
balanced: 53.3% (16/30) of participants preferred the AR-S, and 46.7% (14/30) of participants preferred the T-S. Preference
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was not significantly associated with expertise group (P=.09), although graduated physicians descriptively favored the AR-S
and sixth-year students favored the T-S. In total, 76.7% (23/30) of participants reported willingness to reuse both simulators.

Conclusions: AR and traditional mannequin-based LP simulation appear to offer distinct and complementary educational
advantages rather than one modality being uniformly superior. The AR-S was valued for anatomical and sensory realism and
PEV, whereas the T-S retained advantages related to procedural familiarity and ease of use with conventional equipment.
These findings support tailoring simulator selection to learner expertise and educational objectives. Larger studies incorporat-
ing objective procedural performance are needed to determine how the modalities should be integrated into LP curricula.

JMIR XR Spatial Comput 2026;3:¢98090; doi: 10.2196/98090
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Introduction

Lumbar puncture (LP) is a critical procedure in geriatrics,
especially for the diagnostic workup of neurodegenerative
diseases, including Alzheimer disease and related disorders
[1]. However, it is often feared by physicians and medical
students due to its invasive nature and its undesirable effects,
such as post-LP headaches, bruising, and infections [2]. In
older adults, LP may be technically more challenging due
to spinal deformities, osteoarthritis, frailty, or behavioral
disturbances related to cognitive impairment [3].

Good knowledge of the procedure is the most effective
way to avoid adverse effects [4]. Nevertheless, the limited
opportunities for medical students to perform LP in clinical
settings may contribute to insufficient procedural experience
and reduced self-confidence [5]. Notably, research shows
that medical students have a higher level of subjective and
physiological stress than physicians, affecting their psycho-
motor capacity and working memory [6], and increasing the
risk of post-LP headaches in patients [7].

In France, LP training during medical school remains
highly variable depending on the hospital department where
students do their internship, the number of students per
internship, and the availability of interns and physicians
to teach the procedure [8]. The use of simulators, which
are becoming more popular, is a promising opportunity
to improve traditional LP training. These simulators allow
learners to reproduce the main steps of the procedure using
the same material and to experience the same sensations,
including anatomical landmark palpation, needle insertion,
and cerebrospinal fluid collection [8].

Several studies have investigated the benefits of LP
simulation training among medical students and residents.
They have reported improvements in theoretical knowl-
edge, confidence, and transfer of skills to clinical practice,
including higher first-attempt success rates during subse-
quent LP procedures performed on patients [8-10] and
fewer traumatic LPs [11]. However, the benefit of simu-
lation-based training may vary depending on the compari-
son method and outcome assessed. In a study comparing
problem-based learning and simulator-based learning, both
approaches improved learner performance, and no signifi-
cant difference was observed between groups immediately
after training [12]. More recently, a randomized controlled

https://xr.jmir.org/2026/1/€98090

trial evaluating virtual reality (VR) training compared with
conventional training alone found no significant difference
in overall LP performance between groups [13]. In addi-
tion, traditional physical simulators have several limitations,
including material wear, limited anatomical variability, and
restricted representation of tissue biomechanical properties
[14]. These limitations may reduce their ability to reproduce
the diversity of clinical situations encountered in practice,
particularly in older patients, where osteoarthritis and spinal
deformities may complicate LP performance [15].

To overcome these limitations, technological advances
have led to the development of virtual and augmented reality
(AR)-based LP simulators incorporating haptic feedback
[15]. While VR-based systems have been more extensively
investigated, AR-based LP simulators remain scarce. The
Sim&Care Spine simulator (InSimo) is one example of
a commercially available AR-based platform designed to
provide anatomical visualization and haptic feedback during
LP training [16]. This innovative method allows a better
visualization of the internal and external anatomy of the
patient and has a positive impact on visuospatial capacities,
cognitive load, and procedure time [17]. Studies evaluating
AR simulators found no significant improvement in LP
success rates compared with traditional bedside teaching, but
learners reported increased confidence and comfort. Students
also reported high educational value, particularly appreciating
the haptic feedback and AR visualization [16]. In a study
evaluating a mixed reality simulator, participants reported
high perceived realism and educational value, particularly
regarding anatomical understanding and identification of
landmarks. Training with the simulator was also associ-
ated with improvements in procedural parameters, includ-
ing needle positioning, number of attempts, and procedure
duration [18].

A comparative study evaluating mixed reality LP training
versus traditional high-fidelity mannequin-based simulation
showed comparable procedural performance between the
2 approaches. However, mixed reality training was well
accepted by learners, with most students considering it to be
as effective as traditional simulation and expressing interest
in further use of this technology [19]. Although no significant
differences were observed in objective outcomes, such as the
number of punctures, time to successful puncture, or distance
from the target, learners trained with AR reported greater
confidence [20]. In addition, VR-based training increased
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learner engagement, satisfaction, and interest in clinical skills,
suggesting that immersive technologies primarily enhance
the educational experience rather than procedural perform-
ance [13]. AR may enhance student engagement by sustain-
ing learners’ interest and willingness to use this technology
beyond the initial training session [21]. Overall, current
evidence suggests that AR- and VR-based simulators do
not consistently demonstrate superior procedural perform-
ance compared with traditional mannequin-based simulation.
However, immersive technologies appear to provide specific
advantages in terms of anatomical visualization, sensory
feedback, learner confidence, engagement, and satisfaction.
Although students generally perceive AR simulators as
realistic, easy to use, and useful [6,18,22], overall preference
remains divided [19]. This suggests that simulator prefer-
ence may depend on multiple dimensions of user experi-
ence (UX), including anatomical and procedural realism,
usability, and perceived educational value (PEV). Moreover,
these perceptions may vary according to learners’ expertise,
as novices and experienced practitioners may value differ-
ent aspects of simulation, such as procedural familiarity or
anatomical understanding.

The objective of this study was therefore to evaluate the
UX, including perceived realism, usability, and educational
value, of an augmented reality simulator (AR-S; Sim&Care
2) compared with a traditional simulator (T-S; M43E) across
different levels of expertise. We hypothesized that partici-
pants would prefer the AR simulator for anatomical and
sensory realism, while usability and procedural familiarity
might favor the traditional model.

Methods

Study Design

This study was a single-center, randomized-order, within-par-
ticipant comparative UX study conducted in the Department
of Geriatric Medicine of Angers University Hospital, Angers,
France, in June 2025. A single-center design was chosen
because the study was conducted within the Angers simu-
lation center, where the T-S was routinely used for train-
ing and where the AR simulator was made available for
a dedicated evaluation session by the manufacturer. Each
participant evaluated both the traditional and AR simulators,
with the order of simulator exposure randomized between
participants to minimize potential order effects. UX was
assessed immediately after each simulator session using a
UX questionnaire, followed by a comparative questionnaire
after completion of both sessions. This design allowed direct
comparison of the 2 simulators while limiting interindividual
variability. The study was reported in accordance with the
RATE-XR reporting guideline for augmented and VR studies
[23].

Recruitment

Thirty participants were included: 7 (23.3%) graduated
physicians, 16 (53.3%) postgraduate medical students, and
7 (23.3%) sixth-year medical students. Participants were
recruited through email invitations sent to medical students,
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residents, and physicians affiliated with Angers University
Hospital. Recruitment was voluntary. Inclusion criteria were
being a sixth-year medical student, postgraduate medical
student, or a graduated physician affiliated with the Depart-
ment of Geriatric Medicine of Angers University Hospi-
tal, involved in medical training or clinical practice, and
agreeing to participate in the study. These inclusion criteria
were chosen to include participants with different levels of
experience with LP. Exclusion criteria included inability to
provide informed consent or motor impairment preventing
simulator use. The sample size was based on the availability
of eligible participants during the study period. No formal
sample size calculation was performed because this was an
exploratory UX study.

Ethical Considerations

The study protocol was reviewed and approved by the Ethics
Committee of Angers University Hospital (Comité d’Ethique
du Centre Hospitalier Universitaire d’Angers), which issued
a favorable opinion on June 10, 2025 (reference number
2025-140). The study was conducted in accordance with
the principles of the Declaration of Helsinki. Participants
received oral information about the study, and their nonobjec-
tion to participation was obtained before the beginning of the
experiment. The data were pseudonymized using a unique
alphanumeric code assigned to each participant to ensure
anonymity. No compensation was provided to participants.

Materials and Protocol

This study was conducted in collaboration with the Angers
simulation center (AllSims) and InSimo. The 2 simula-
tors were selected because they represent complementary
approaches to LP training: a traditional mannequin-based
simulator and an AR-based simulator. The M43E simula-
tor (Kyoto Kagaku) was already available at the Angers
simulation center, whereas the Sim&Care 2 simulator
(InSimo) was provided by the manufacturer for a dedicated
evaluation session.

Main Characteristics of the Implemented
Simulators

The T-S (M43E simulator) is a high-fidelity static LP
and epidural procedure simulator designed for procedural
training. It consists of an anatomically accurate lumbar region
model with a puncture block reproducing relevant structures,
including lumbar vertebrae, spinous processes, transverse
processes, epidural space, and dura mater. The simulator
allows training in landmark identification, needle insertion,
and cerebrospinal fluid collection using a real LP needle.
It can be positioned in both upright and lateral decubitus
configurations, and its translucent puncture block allows
visualization of the needle trajectory during the procedure.

The AR-S (Sim&Care 2 simulator) combines a physical
interface with virtual anatomical overlay and force-feedback
technology delivered via a stylus device and a Microsoft
HoloLens 2 headset AR display. The setup consisted of a
PC running the simulation software, a Microsoft HoloLens
2 headset for the AR environment, a Touch haptic interface
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(3D Systems) for force feedback, and a mannequin serving as
the physical support for the AR environment. The simulation
software provided virtual anatomical visualization and force
feedback during needle progression. Sim&Care 2 offers 4
patient cases: standard anatomy, scoliosis, osteoarthritis, and
a pediatric case. For each case, users can select between 2
common LP positions: sitting or lateral decubitus. Various
customization features enhance the simulation experience,
including patient positioning, needle selection, and adjustable
difficulty levels. Users can display or hide internal anatomical
structures through a transparency mode and activate a visual
guidance tool showing the needle trajectory to assist with
accurate needle placement within the spinal canal.

Simulation Protocol

Each participant completed 2 simulation sessions, one with
each simulator (Figure 1). Participants were randomized
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to the simulator exposure order (group A or B). Each
session lasted approximately 15 minutes, including a brief
familiarization period with the simulator followed by the
LP procedure. Participants were allowed to perform several
attempts during each session, and the same duration was
allocated to both simulators. Only standardized instructions
were provided: “Perform a diagnostic lumbar puncture as in
clinical practice.” As the objective was to evaluate perceived
UX rather than procedural performance, the instructor did not
provide corrective feedback or assess technical success during
the sessions.

Figure 1. Simulators used during the study sessions. (A) M43E traditional simulator. (B) Sim&Care 2 augmented reality simulator with headset,
haptic stylus, and physical interface.

For the AR-S, participants initially performed the procedure
using the standard patient configuration. The pediatric patient
case was not used in this study. For both simulators, the
seated position was used initially during the simulation
session, and participants could subsequently practice in the
lateral decubitus position if desired.

Questionnaires

After each simulation session, participants completed a UX
questionnaire assessing the simulator they had just used.
The questionnaire included 4 dimensions: face validity (FV;
5 items), usability (5 items), PEV (5 items), and overall
satisfaction (1 item). Each item was rated on a 5-point Likert
scale.

After completing both simulation sessions, participants
completed a second comparative questionnaire. This
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questionnaire assessed overall preference for one of the 2
simulators, the reasons for their preference (realism, ease
of use, educational value, sensations, or other), and their
intention to reuse each simulator (yes or no). Participants
were also invited to provide open-ended comments. Twelve
participants provided comments.

Questionnaire Development

In the absence of a validated LP-specific UX instru-
ment, we developed an exploratory structured questionnaire
based on evaluation domains commonly used in simulation-
based medical education, including FV [24], usability [25],
educational value [26], and satisfaction. No formal validation
process or expert assessment was performed before the study
due to the exploratory nature of this UX evaluation. Internal
consistency was not formally assessed due to sample size
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limitations. This limitation has been acknowledged in the
Discussion section.

FV was assessed using 5 items on a 5-point Likert scale:

e FV1: “The simulator’s anatomy seemed realistic to
me.”

* FV2: “The tactile sensations were comparable to a real
lumbar puncture.”

* FV3: “Patient positioning was similar to real practice.”

* FV4: “Identification of anatomical landmarks was
credible.”

e FVS5: “Performing the procedure felt natural.”

Usability was assessed using 5 items on a 5-point Likert
scale:
e Usability 1: “The simulator was easy to use.”
» Usability 2: “The instructions for using the simulator
were clear.”
e Usability 3: “The simulator was ergonomic.”
* Usability 4: “I easily understood how to operate the
simulator during the procedure.”
e Usability 5: “The equipment functioned properly
without difficulty.”

PEV was assessed using 5 items on a 5-point Likert scale:

e PEV1: “This simulator is useful for learning lumbar
puncture.”

e PEV2: “This simulator could improve my real-life
practice.”

e PEV3: “I learned something new with this simulator.”

e PEV4: “The simulator allows progress with training.”

* PEVS: “I would recommend this simulator to other
learners.”

Overall satisfaction was assessed using 1 item on a 5-point
Likert scale: “I am overall satisfied with this simulator.”

Data Analysis

Statistical analyses were performed using JASP software.
Descriptive analyses were conducted for each questionnaire
item, including the median and quartiles. Dimension-level
analyses were performed as the primary analysis to align
with the study hypothesis. Composite scores were calculated
as the mean of the items included in each predefined
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UX dimension (FV, usability, and PEV). Intraindividual
comparisons between T-S and AR-S were performed using
the Wilcoxon signed-rank test. Item-level analyses were
conducted as exploratory analyses to identify specific
differences between the simulators. Given the exploratory
nature of these comparisons and the limited sample size,
item-level results were interpreted descriptively.

To compare results between the 3 groups based on
experience level, the Kruskal-Wallis test was used. Partici-
pants’ preferences and their intention to reuse each simulator
were analyzed using the Pearson chi-square test. Addition-
ally, a qualitative analysis of the open-ended comments was
conducted using a thematic approach.

Two participants submitted incomplete UX questionnaires.
Because the missing responses concerned different items,
the UX score analyses were based on 29 or 30 participants
depending on the item. However, because their comparative
questionnaires were fully completed, their responses were
included in the analysis of simulator preference and reuse
intention.

Results

Comparison of UX Dimensions Between
Simulators

Results for the UX dimensions are presented in Table 1.
Two participants had missing responses for some UX items.
Because these missing data concerned different items, the
analyses were based on 29 or 30 participants depending
on the item. Dimension-level analyses were performed by
comparing the composite scores of each predefined UX
domain (FV, usability, PEV, and overall satisfaction). The
AR-S showed higher scores for FV (z=-2.323; P=.02)
and PEV (z=-2.289; P=.02) compared with the T-S. No
significant differences were observed for the overall usability
score (z=—1.598; P=.11). Finally, for the overall satisfaction
item, statistical analysis showed no significant difference in
the median overall satisfaction scores between the simulators
(z=—1.349; P=.16).

Table 1. Comparison of user experience dimensions between simulators using the Wilcoxon signed-rank test.

Items M43E, median (IQR) Sim&Care 2, median (IQR) P value rpba

Face validity (n=30) 34 (32-3.8) 3.8 (3.6-4.2) 02 0213
Usability (n=29) 4.6(44-4.8) 4.3 (4-4.95) 11 0217
Perceived educational value (n=29) 3.6(34-42) 4.0 (3.8-4.6) 02 0.213
Overall satisfaction (n=29) 4.0 (3.0-4.0) 4.0 (4.0-50) .16 0.269

rpb: point-biserial correlation coefficient.

Item-Level Exploratory Analysis

Item-level analyses were conducted as exploratory analyses to
identify which specific simulator characteristics contributed
to the observed dimension-level differences. These results
are presented in Table 2. For the FV items, participants
rated the AR-S (Sim&Care 2 simulator) as more realistic
on the item “The simulator’s anatomy seemed realistic to
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me” (FV1), z=—2.155; P=.03, and on the item “The tactile
sensations were comparable to a real lumbar puncture” (FV2),
z=—2.866; P=.003. Concerning the usability items, the T-S
(M43E simulator) obtained a significantly higher median on
item Ul (“The simulator was easy to use;” z=2.456; P=.01)
and on item U2 (“The instructions for using the simulator
were clear;” 7=2.446; P=.01). A highly significant difference
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was also observed for item U4 (“I easily understood how analysis showed a significant difference for item PEV3 (“I
to operate the simulator during the procedure;” 7z=2.934; learned something new with this simulator”), with a higher

P=.003), in favor of T-S. For the PEV items, statistical median for the AR-S (z=-2.808; P=.005).

Table 2. Comparison of user experience items between simulators using the Wilcoxon signed-rank test.

Items M43E, median (IQR) Sim&Care 2, median (IQR) P value rpba

FVP1 (n=30) 3 (3-4) 4 (3.25-5) 03 0.244
FV2 (n=30) 3(2-4) 4(3.25-4) 003 0.225
FV3 (n=30) 4 (3-4) 4 (3-4) .10 0.328
FV4 (n=30) 4(3-4) 4(3-4) 42 0.269
FV5 (n=30) 4 (3-4.75) 4 (3-4) 65 0.244
Usability 1 (n=30) 5(4-5) 4(3.25-5) 01 0.277
Usability 2 (n=30) 5(5-5) 5(4-5) 01 0342
Usability 3 (n=30) 4 (4-5) 4 (4-5) .33 0.25

Usability 4 (n=29) 5(5-5) 5(4-5) 003 0.328
Usability 5 (n=29) 5(3-5) 5(4-5) 15 0.277
PEV®I (n=29) 4 (4-5) 4 (4-5) 92 0.269
PEV2 (n=29) 3.1 (3-5) 4 (4-5) A7 0.256
PEV3 (n=29) 2.5(2-3) 4(3-4) 005 0.239
PEV4 (n=29) 4(3-5) 4 (4-5) 45 0.256
PEVS5 (n=29) 4 (4-5) 4 (4-5) 45 0.269

3rpb: point-biserial correlation coefficient.
bEV: face validity.
CPEV: perceived educational value.

Group Effect a lower median among graduated physicians. For the T-S,
the “group” factor showed a significant effect on the realism
item FV3 (“Patient positioning was similar to real practice;”
Kruskal-Wallis test, P=.048), with a higher median among
medical students.

Results for group differences are presented in Table 3.
The “group” factor showed a significant effect on one
realism item for the AR-S, FV4 (“Identification of anatomical
landmarks was credible;” Kruskal-Wallis test, P=.04), with

Table 3. Effect of participant group on user experience questionnaire items for the M43E and Sim&Care 2 simulators using Kruskal-Wallis test.

Items MA43E, P value Simé&Care 2, P value
Fv#l 12 95
Fv2 25 43
FV3 048 06
Fv4 20 04
FV5 65 52
Usability 1 92 72
Usability 2 14 .83
Usability 3 05 25
Usability 4 19 81
Usability 5 .89 22
PEVP1 99 42
PEV2 11 .10
PEV3 93 .68
PEV4 37 15
PEVS 29 38
Overall satisfaction 22 37

4FV: face validity.
PPEV: perceived educational value.
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Participants’ Preference and Intention to
Reuse

Among the 30 participants, 16 (53.3%) reported a preference
for the AR-S, while 14 (46.7%) preferred the T-S. Among
graduated physicians, 85.7% (6/7) preferred the AR-S.
Among sixth-year medical students, 71.4% (5/7) preferred
the T-S. For postgraduate medical students, the 2 simulators
were equally preferred (8/16, 50% each). However, simulator
preference was not significantly associated with participant
group (y%»=4.8; P=.09).

The reasons given in favor of the AR-S mainly concerned
“better sensations” (11/30, 36.7%) and greater educational
value (10/30, 33.3%). For the T-S, the most frequently cited
arguments were greater realism (6/19, 31.6%) and greater
ease of use (5/19,26.3%).

Regarding the intention to reuse, 76.7% (n=23) of
participants were willing to use both simulators again. A total
of 10% (n=3) were willing to reuse only the AR-S, and the
same proportion were willing to reuse only the T-S. Finally,
33% (n=1) did not intend to use an LP simulator again.
There was no association between the intention to reuse the
simulators and participant group (y%¢=8.0; P=.24).

Discussion

Principal Findings

The aim of this study was to compare the UX of sixth-year
second cycle medical students, postgraduate medical students,
and graduated physicians using 2 LP simulators, a traditional
one (M43E simulator) and an AR one (Sim&Care 2 simula-
tor). Our hypothesis was that participants would prefer the
AR model due to its greater realism and perceived pedagogi-
cal value. However, our hypothesis was also that these results
could be influenced by the ease of use of the traditional
model and the realism of the procedure, particularly due
to the use of an actual LP needle. Overall, our findings
partially confirmed this hypothesis. Dimension-level analyses
showed that the AR simulator was associated with higher
perceived FV and PEV compared with the T-S. However, no
significant differences were observed for usability or overall
satisfaction. To further understand the differences observed
between simulators, complementary item-level analyses and
qualitative data were examined to identify specific character-
istics that may explain participants’ perceptions.

Regarding anatomical and technical realism, participants
in the study reported higher scores for the AR-S. It was
perceived as having greater anatomical realism and provid-
ing sensations comparable to those experienced in real life.
In the open-ended comments, 2 participants noted that the
AR-S offered a more pleasant and realistic sensation during
ligament passage and needle insertion. However, statistical
analyses did not show a significant difference between the
simulators for item FV5 (“Performing the procedure felt
natural”). To explain this, participants reported that the stylus
of the AR-S did not provide the same handling sensation
as a real LP needle, mainly because of its larger diameter
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than that of the needle used with the T-S. Among groups,
graduated physicians gave lower scores to the AR-S on the
item “Identification of anatomical landmarks was credible,”
which may be explained by their greater expertise. Con-
versely, sixth-year second cycle medical students gave higher
scores for both simulators on FV3 (“Patient positioning was
similar to real practice”), which may be due to their limited
clinical experience.

Regarding usability, no significant difference was
observed between the 2 simulators at the overall dimen-
sion level. However, item-level analyses and participants’
comments suggested some practical advantages for the T-S.
This may be partly explained by participants’ prior exposure
to the T-S during their medical training, which may have
made them more familiar with its use. Participants who
preferred the T-S cited ease of use and realism as reasons,
as it is simpler to set up and the procedure is closer to real-life
practice. However, 2 residents noted difficulties in locating
anatomical landmarks (especially for osteoarthritis simula-
tion) and noted mannequin wear at landmark areas—issues
inherent to this type of simulator compared with AR-based
simulators.

Regarding PEV, participants in the study reported higher
scores for the AR-S. However, item-level analysis showed a
higher score for the AR-S on PEV3 (“I learned something
new with this simulator”). In the open-ended comments, 1
resident described the AR-S as an “excellent learning tool,”
that provided a better 3D representation of anatomy than the
T-S.

However, preferences were split (16/30, 53.3% preferred
the AR-S and n=14, 46.7% preferred the T-S). Descriptively,
preferences differed across participant groups: graduated
physicians mostly preferred the AR model, and sixth-year
second cycle medical students preferred the T-S. These
results may be explained by experience: medical students,
having rarely or never performed an LP, may value a
simulator that is easy to use and provides realistic procedural
execution (including needle handling) during their initial
LP training. Graduated physicians, with expertise in the
procedure, preferred the AR-S, which may have allowed them
to better appreciate its sensations and anatomical realism.
Regarding the intention to reuse the simulators, results were
similar for both, showing no marked preference.

These results are consistent with and complementary
to the existing literature comparing traditional and immer-
sive simulation for LP training. While several studies have
shown that AR, mixed reality, or VR simulators improve
learner confidence, engagement, satisfaction, and anatom-
ical understanding, they generally report procedural per-
formance comparable to that obtained with conventional
mannequin-based simulation rather than clear superiority of
immersive technologies [13,16,18,19]. Our results comple-
ment these findings by showing that these technologies
are not necessarily perceived as superior across all dimen-
sions of the user experience. Instead, participants appeared
to distinguish between different aspects of realism and
educational value. The AR-S was particularly valued for
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anatomical visualization, sensory realism, and understanding
of anatomical landmarks, whereas the T-S remained preferred
for procedural realism and ease of use. These findings
may explain why previous studies reported high satisfaction
with immersive simulators despite the absence of consistent
improvements in procedural performance.

Similar findings have been reported in other fields
of medical simulation, where students preferred the T-S
for learning clinical procedures, despite considering virtual
simulators more enjoyable and immersive [27].

These observations suggest that AR-S and T-S should be
considered complementary rather than competing educa-
tional tools. Traditional mannequin-based simulation may
remain particularly appropriate for novice learners, who
need to become familiar with real equipment and proce-
dural workflow. In contrast, AR simulation may provide
additional value for more advanced learners by enhancing
anatomical understanding, spatial orientation, and sensory
realism, especially in anatomically complex situations such
as those frequently encountered in older patients. In this way,
complementary use of both approaches may be considered
to combine traditional mannequin simulations, which allow
the use of real medical equipment particularly for novice
medical students, with AR simulations, which offer dynamic
scenarios and more realistic sensations for postgraduate
medical students or graduated physicians who already have
substantial experience with LPs.

This study has some limitations. First, the sample size
limited the statistical power of subgroup analyses and
the generalizability of the findings across different levels
of expertise [28]. Second, some participants, particularly
residents and graduated physicians, had previous experience
with the T-S, which may have influenced their perception of
usability and realism in favor of the T-S. Similarly, previ-
ous LP experience was not systematically collected. This
may have affected participants’ perceptions of realism and
educational value, particularly among medical students with
limited exposure to the procedure. Third, some dimensions of
realism were difficult to capture using Likert-scale evalua-
tions. While participants perceived the AR-S as more realistic
in terms of anatomical visualization and sensory feedback,
some considered the procedural performance less realistic due
to the use of a stylus rather than conventional LP equip-
ment. This highlights the multidimensional nature of realism

Combret et al

in simulation-based education. In addition, PEV may have
varied according to participants’ level of expertise. Novice
learners may value simulators for acquiring basic proce-
dural knowledge, whereas more experienced participants
may assess educational value according to more advanced
objectives, such as refining procedural skills or managing
complex clinical situations. Furthermore, some items may
overlap between UX dimensions, reflecting the multidimen-
sional nature of user experience assessment. Finally, multiple
item-level comparisons increase the risk of type I error, and
these results should therefore be interpreted as exploratory.

Despite these limitations, this study provides insight into
how different levels of expertise may influence simulator
perception and highlights the importance of considering
specific educational objectives when selecting simulation
modalities. Beyond the technology itself, the educational
value of immersive simulation also depends on its integra-
tion into the curriculum, with learning activities adapted to
learners’ levels of expertise and educational objectives [29].
Future studies with larger cohorts and objective performance
assessments are needed to determine how these complemen-
tary simulation modalities can be integrated into LP training
pathways.

Conclusions

Our hypothesis was partially confirmed. The AR-S was
perceived as providing greater anatomical and sensory
realism, while the T-S remained valuable for proce-
dural familiarization using real equipment. However, these
differences did not translate into an overall preference for the
AR-S.

These findings suggest that LP simulation should not
rely on a single modality but rather on selecting the appro-
priate simulator according to learners’ levels of expertise
and educational objectives. Traditional mannequin-based
simulation remains relevant for novice learners who need to
develop procedural skills and familiarity with real equipment,
whereas AR simulation may provide additional value for
more advanced learners by enhancing anatomical understand-
ing and sensory feedback.

Future research should evaluate how these complemen-
tary simulation modalities can be optimally integrated into
medical curricula and assess their impact on procedural
performance, learner confidence, and ultimately patient care.

Acknowledgments

The authors thank the learners for their engagement and participation in the training program, which made this study possible.
The authors used the generative Al tool ChatGPT (OpenAl) solely for English language editing and improving the clarity of
the manuscript. The authors reviewed and revised all content and remain fully responsible for the final manuscript.

Funding

This study received no financial support. The InSimo team graciously provided 2 simulators for the study day, and the
All’Sims simulation center of the University of Angers and the University Hospital of Angers, France, made conventional
lumbar puncture simulators available. No financial compensation or material consideration was provided for these contribu-
tions. The sponsors had no access to the study data and played no role in the study design, data collection, analysis,
interpretation, manuscript preparation, or the decision to submit the manuscript for publication.

https://xr.jmir.org/2026/1/€98090 JMIR XR Spatial Comput 2026 | vol. 3198090 | p. 8

(page number not for citation purposes)


https://xr.jmir.org/​2026/1/e98090

JMIR XR AND SPATIAL COMPUTING (JMXR) Combret et al

Data Availability
The datasets generated during this study are available from the corresponding author on reasonable request.

Authors’ Contributions

Conceptualization: CA

Formal analysis: EC

Investigation: AB, EC, FN

Methodology: CA, FN

Project administration: CA, FN
Supervision: CA

Validation: AB, CA

Visualization: EC

Writing—original draft: EC
Writing—review and editing: AB, FN, CA

Conflicts of Interest
None declared.

References

1.  Wang MY, Chen KL, Huang YY, et al. Clinical utility of cerebrospinal fluid Alzheimer’s disease biomarkers in the
diagnostic workup of complex patients with cognitive impairment. Transl Psychiatry. Apr 7, 2025;15(1):130. [doi: 10.
1038/s41398-025-03345-z] [Medline: 40195333]

2. Reis AE, Spano M, Davis-Hayes C, Salama GR. Lumbar puncture complications: a review of current literature. Curr
Pain Headache Rep. Aug 2024;28(8):803-813. [doi: 10.1007/s11916-024-01262-2] [Medline: 38776003]

3. Courtois-Amiot P, Cloppet-Fontaine A, Poissonnet A, et al. Hypnosis for pain and anxiety management in cognitively
impaired older adults undergoing scheduled lumbar punctures: a randomized controlled pilot study. Alzheimers Res
Ther. Sep 2, 2022;14(1):120. [doi: 10.1186/s13195-022-01065-w] [Medline: 36056417]

4.  Duits FH, Martinez-Lage P, Paquet C, et al. Performance and complications of lumbar puncture in memory clinics:
results of the multicenter lumbar puncture feasibility study. Alzheimers Dement. Feb 2016;12(2):154-163. [doi: 10.1016/
j.jalz.2015.08.003] [Medline: 26368321]

5. von Cranach M, Backhaus T, Brich J. Medical students’ attitudes toward lumbar puncture-and how to change. Brain
Behav. Jun 2019;9(6):e01310. [doi: 10.1002/brb3.1310] [Medline: 31058449]

6. Rios-Herndndez M, Jacinto-Villegas JM, Zemiti N, Vilchis-Gonzdlez AH, Padilla-Castafieda MA, Debien B.
Development of a lumbar puncture virtual simulator for medical students training: a preliminary evaluation. Int J Med
Robot. Dec 2023;19(6):e2572. [doi: 10.1002/rcs.2572] [Medline: 37671968]

7. Henriksen MJ, Wienecke T, Kristiansen J, Park YS, Ringsted C, Konge L. Opinion and special articles: stress when
performing the first lumbar puncture may compromise patient safety. Neurology. May 22,2018;90(21):981-987. [doi:
10.1212/WNL..0000000000005556] [Medline: 29784718]

8. Lilamand M, Vrillon A, Gonzales-Marabal L, et al. Lumbar puncture training with healthcare simulation improves self-
confidence and practical skills of French medical residents in geriatrics. Eur Geriatr Med. Jun 2023;14(3):615-623. [doi:
10.1007/s41999-023-00769-y] [Medline: 36976436]

9. Barsuk JH, Cohen ER, Caprio T, McGaghie WC, Simuni T, Wayne DB. Simulation-based education with mastery
learning improves residents’ lumbar puncture skills. Neurology. Jul 10, 2012;79(2):132-137. [doi: 10.1212/WNL.
0b013e31825dd39d] [Medline: 22675080]

10. Gaubert S, Blet A, Dib F, et al. Positive effects of lumbar puncture simulation training for medical students in clinical
practice. BMC Med Educ. Jan 6,2021;21(1):18. [doi: 10.1186/s12909-020-02452-3] [Medline: 33407416]

11. Lydon S, Reid McDermott B, Ryan E, et al. Can simulation-based education and precision teaching improve paediatric
trainees’ behavioural fluency in performing lumbar puncture? A pilot study. BMC Med Educ. May 10, 2019;19(1):138.
[doi: 10.1186/s12909-019-1553-7] [Medline: 31077216]

12.  Sun C, Qi X. Evaluation of problem- and simulator-based learning in lumbar puncture in adult neurology residency
training. World Neurosurg. Jan 2018;109:e807-e811. [doi: 10.1016/j.wneu.2017.10.093] [Medline: 29107161]

13.  Zou X, Chen L, Shi Y, et al. Virtual reality training on lumbar puncture quality (VIRTUAL): a randomized controlled
trial. BMC Med Educ. Feb 13, 2026;26(1):470. [doi: 10.1186/s12909-026-08762-2] [Medline: 41689025]

14. Mirbagheri A, Owlia M, Khabbazan M, Moradi M, Mohandesi F. Introducing a robotic lumbar puncture simulator with
force feedback: LP Sim. Front Biomed Technol. 2020;7(1):74-81. [doi: 10.18502/fbt.v7il.2727]

https://xr.jmir.org/2026/1/€98090 JMIR XR Spatial Comput 2026 | vol. 31e98090 | p. 9
(page number not for citation purposes)


https://doi.org/10.1038/s41398-025-03345-z
https://doi.org/10.1038/s41398-025-03345-z
http://www.ncbi.nlm.nih.gov/pubmed/40195333
https://doi.org/10.1007/s11916-024-01262-2
http://www.ncbi.nlm.nih.gov/pubmed/38776003
https://doi.org/10.1186/s13195-022-01065-w
http://www.ncbi.nlm.nih.gov/pubmed/36056417
https://doi.org/10.1016/j.jalz.2015.08.003
https://doi.org/10.1016/j.jalz.2015.08.003
http://www.ncbi.nlm.nih.gov/pubmed/26368321
https://doi.org/10.1002/brb3.1310
http://www.ncbi.nlm.nih.gov/pubmed/31058449
https://doi.org/10.1002/rcs.2572
http://www.ncbi.nlm.nih.gov/pubmed/37671968
https://doi.org/10.1212/WNL.0000000000005556
http://www.ncbi.nlm.nih.gov/pubmed/29784718
https://doi.org/10.1007/s41999-023-00769-y
http://www.ncbi.nlm.nih.gov/pubmed/36976436
https://doi.org/10.1212/WNL.0b013e31825dd39d
https://doi.org/10.1212/WNL.0b013e31825dd39d
http://www.ncbi.nlm.nih.gov/pubmed/22675080
https://doi.org/10.1186/s12909-020-02452-3
http://www.ncbi.nlm.nih.gov/pubmed/33407416
https://doi.org/10.1186/s12909-019-1553-7
http://www.ncbi.nlm.nih.gov/pubmed/31077216
https://doi.org/10.1016/j.wneu.2017.10.093
http://www.ncbi.nlm.nih.gov/pubmed/29107161
https://doi.org/10.1186/s12909-026-08762-2
http://www.ncbi.nlm.nih.gov/pubmed/41689025
https://doi.org/10.18502/fbt.v7i1.2727
https://xr.jmir.org/​2026/1/e98090

JMIR XR AND SPATIAL COMPUTING (JMXR) Combret et al

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Masud T, Ogliari G, Lunt E, et al. A scoping review of the changing landscape of geriatric medicine in undergraduate
medical education: curricula, topics and teaching methods. Eur Geriatr Med. Jun 2022;13(3):513-528. [doi: 10.1007/
$41999-021-00595-0] [Medline: 34973151]

Felten R, Bigaut K, Wirth T, et al. Advancing medical training with augmented reality and haptic feedback simulator:
outcomes of a randomized controlled trial on lumbar puncture. BMC Med Educ. Aug 30, 2025;25(1):1231. [doi: 10.
1186/512909-025-07536-6] [Medline: 40885925]

McBain KA, Habib R, Laggis G, Quaiattini A, M Ventura N, Noel GP. Scoping review: the use of augmented reality in
clinical anatomical education and its assessment tools. Anat Sci Educ. Jul 2022;15(4):765-796. [doi: 10.1002/ase.2155]
[Medline: 34800073]

Huang X, Yan Z, Gong C, et al. A mixed-reality stimulator for lumbar puncture training: a pilot study. BMC Med Educ.
Mar 22,2023;23(1):178. [doi: 10.1186/s12909-023-04173-9] [Medline: 36949483]

Meliagros P, Diener-Brazelle J, Garber A. Using mixed reality to teach medical students lumbar punctures. Am J Med.
Dec 2024;137(12):1272-1275. [doi: 10.1016/j.amjmed.2024.08.003] [Medline: 39151683]

Sarkar K, Coote J, Abdul R, Slayden A. Feasibility, adoption, and utility of augmented reality in lumbar puncture
simulation by medical students: a pilot study. J Med Ext Real. 2024;1(1):191-202. [doi: 10.1089/jmxr.2024.0001]
[Medline: 42558114]

Borges do Nascimento IJ, Abdulazeem H, Vasanthan LT, et al. Barriers and facilitators to utilizing digital health
technologies by healthcare professionals. NPJ Digit Med. Sep 18, 2023;6(1):161. [doi: 10.1038/s41746-023-00899-4]
[Medline: 37723240]

Féarber M, Hummel F, Gerloff C, Handels H. Virtual reality simulator for the training of lumbar punctures. Methods Inf
Med. 2009;48(5):493-501. [doi: 10.3414/ME0566] [Medline: 19448881]

Vlake JH, Drop DL, Van Bommel J, et al. Reporting guidelines for the early-phase clinical evaluation of applications
using extended reality: RATE-XR qualitative study guideline. ] Med Internet Res. Nov 29, 2024;26:e56790. [doi: 10.
2196/56790] [Medline: 39612482]

Wilson E, Hewett DG, Jolly BC, Janssens S, Beckmann MM. Is that realistic? The development of a realism assessment
questionnaire and its application in appraising three simulators for a gynaecology procedure. Adv Simul (Lond). Nov 8,
2018;3:21. [doi: 10.1186/s41077-018-0080-7] [Medline: 30455991]

Mgrk G, Bonsaksen T, Larsen OS, Kunnikoff HM, Lie SS. Virtual reality simulation in undergraduate health care
education programs: usability study. JIMIR Med Educ. Nov 19, 2024;10:e56844. [doi: 10.2196/56844] [Medline:
39560982]

Elfrink VL, Kirkpatrick B, Nininger J, Schubert C. Using learning outcomes to inform teaching practices in human
patient simulation. Nurs Educ Perspect. 2010;31(2):97-100. [Medline: 20455366]

Macnamara AF, Bird K, Rigby A, Sathyapalan T, Hepburn D. High-fidelity simulation and virtual reality: an evaluation
of medical students’ experiences. BMJ Simul Technol Enhanc Learn. Jun 16, 2021;7(6):528-535. [doi: 10.1136/bmyjstel-
2020-000625] [Medline: 35520971]

Burke JF, Sussman JB, Kent DM, Hayward RA. Three simple rules to ensure reasonably credible subgroup analyses.
BMIJ. Nov 4,2015;351:h5651. [doi: 10.1136/bmj.h5651] [Medline: 26537915]

Yu TW, Rowe M, Frantz J. Virtual reality in health professions education: qualitative descriptive study of educators’
perspectives. JMIR XR Spat Comput. Jun 26, 2026;3:e52925. [doi: 10.2196/52925] [Medline: 42367747

Abbreviations

AR: augmented reality

AR-S: augmented reality simulator
FV: face validity

LP: lumbar puncture

PEV: perceived educational value
T-S: traditional simulator

UX: user experience

VR: virtual reality

Edited by Ivan Steenstra; peer-reviewed by Belen Curto Diego, Juan Manuel Jacinto-Villegas, submitted 13.Apr.2026; final
revised version received 02.Sep.2026; accepted 02.Sep.2026; published 21.Sep.2026

Please cite as:
Combret E, Bourgeais A, Noublanche F, Annweiler C

https://xr.jmir.org/2026/1/€98090 JMIR XR Spatial Comput 2026 | vol. 3 198090 | p. 10

(page number not for citation purposes)


https://doi.org/10.1007/s41999-021-00595-0
https://doi.org/10.1007/s41999-021-00595-0
http://www.ncbi.nlm.nih.gov/pubmed/34973151
https://doi.org/10.1186/s12909-025-07536-6
https://doi.org/10.1186/s12909-025-07536-6
http://www.ncbi.nlm.nih.gov/pubmed/40885925
https://doi.org/10.1002/ase.2155
http://www.ncbi.nlm.nih.gov/pubmed/34800073
https://doi.org/10.1186/s12909-023-04173-9
http://www.ncbi.nlm.nih.gov/pubmed/36949483
https://doi.org/10.1016/j.amjmed.2024.08.003
http://www.ncbi.nlm.nih.gov/pubmed/39151683
https://doi.org/10.1089/jmxr.2024.0001
http://www.ncbi.nlm.nih.gov/pubmed/42558114
https://doi.org/10.1038/s41746-023-00899-4
http://www.ncbi.nlm.nih.gov/pubmed/37723240
https://doi.org/10.3414/ME0566
http://www.ncbi.nlm.nih.gov/pubmed/19448881
https://doi.org/10.2196/56790
https://doi.org/10.2196/56790
http://www.ncbi.nlm.nih.gov/pubmed/39612482
https://doi.org/10.1186/s41077-018-0080-7
http://www.ncbi.nlm.nih.gov/pubmed/30455991
https://doi.org/10.2196/56844
http://www.ncbi.nlm.nih.gov/pubmed/39560982
http://www.ncbi.nlm.nih.gov/pubmed/20455366
https://doi.org/10.1136/bmjstel-2020-000625
https://doi.org/10.1136/bmjstel-2020-000625
http://www.ncbi.nlm.nih.gov/pubmed/35520971
https://doi.org/10.1136/bmj.h5651
http://www.ncbi.nlm.nih.gov/pubmed/26537915
https://doi.org/10.2196/52925
http://www.ncbi.nlm.nih.gov/pubmed/42367747
https://xr.jmir.org/​2026/1/e98090

JMIR XR AND SPATIAL COMPUTING (JMXR) Combret et al

User Experience Comparison of a Traditional Mannequin-Based and an Augmented Reality Lumbar Puncture Simulator in
Geriatric Medicine Training: Questionnaire Study

JMIR XR Spatial Comput 2026,3:e98090

URL: hitps.//xr jmir.org/2026/1/e98090

doi: 10.2196/98090

© Emma Combret, Alexis Bourgeais, Frédéric Noublanche, Cédric Annweiler. Originally published in JMIR XR and Spatial
Computing (https:/xr.jmir.org), 21.Sep.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 JMIR XR and Spatial Computing, is properly cited.
The complete bibliographic information, a link to the original publication on https://xr.jmir.org/, as well as this copyright and
license information must be included.

https://xr.jmir.org/2026/1/€98090 JMIR XR Spatial Comput 2026 | vol. 3 1e98090 | p. 11
(page number not for citation purposes)


https://xr.jmir.org/​2026/1/e98090
https://doi.org/10.2196/98090
https://xr.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://xr.jmir.org/
https://xr.jmir.org/​2026/1/e98090

	User Experience Comparison of a Traditional Mannequin-Based and an Augmented Reality Lumbar Puncture Simulator in Geriatric Medicine Training: Questionnaire Study
	Introduction
	Methods
	Study Design
	Recruitment
	Ethical Considerations
	Materials and Protocol
	Main Characteristics of the Implemented Simulators
	Simulation Protocol
	Questionnaires
	Questionnaire Development
	Data Analysis

	Results
	Comparison of UX Dimensions Between Simulators
	Item-Level Exploratory Analysis
	Group Effect
	Participants’ Preference and Intention to Reuse

	Discussion
	Principal Findings
	Conclusions



