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Abstract
Objectives Many patients experience anxiety duringMRI examinations. However, little attention has been focused on decreasing
patient anxiety and minimizing on-site cancellations. Here, we aimed to investigate the effects of aromatherapy and music
therapy on alleviating anxiety during MRI examinations.
Methods This single-center, double-blinded, randomized control trial was conducted between November 1, 2021, and January
10, 2022. Patients undergoing MRI examinations were assigned randomly into either the aromatherapy group (AG), music
therapy group (MG), aromatherapy plus music therapy group (AMTG), or routine care group (RG) at a ratio of 1:1:1:1.
Aromatherapy was conducted through inhalation of lavender oil. Music therapy was performed using Pachelbel’s Canon in D
major. The primary outcome was the change in anxiety before and after the MRI scan, assessed using both the State–Trait
Anxiety Inventory form 1 (STAI-1) and Self-Rating Anxiety Scale (SAS). The second outcome was the participant’s comfort,
measured using Kolcaba’s General Comfort Questionnaire (GCQ).
Results A total of 200 participants (mean age: 48.3 ± 14.9 years; 126 [63.0%] females) were enrolled, with 50 per group. The
mean anxiety scores of the AMTG showed greater reduction compared with the AG,MG, and RG (ΔSTAI-1: 6.5 vs 2.6 vs 2.7 vs
1.9, p < 0.001;ΔSAS: 4.0 vs 1.4 vs 1.7 vs 0.6, p < 0.001). The mean GCQ score of the AMTG was higher compared with the
AG, MG, and RG (98.0 vs 92.6 vs 91.2 vs 89.2, respectively, p < 0.001).
Conclusion Aromatherapy combined with music therapy is effective for reducing patients’ anxiety and improving their comfort
level during MRI scans.
Key Points
• In this randomized control trial of 200 participants undergoing MRI scans, aromatherapy plus music therapy is effective in
reducing STAI-1 and SAS, as well as improving GCQ scores.

• Although there was a significant difference between the aromatherapy plus music therapy and the single-intervention modal-
ities, no significant differences were observed between the aromatherapy and music therapy themselves for state anxiety and
comfort score.

• Aromatherapy plus music therapy is a safe, non-invasive, nonpharmacological, and inexpensive patient-centered intervention
for reducing anxiety and improving comfort in adults undergoing MRI examinations.
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Abbreviations
AG Aromatherapy group
AMTG Aromatherapy combined with the music

therapy group
CI Confidence interval
GCQ Kolcaba’s General Comfort Questionnaire
MD Mean difference
MG Music therapy group
MRI Magnetic resonance imaging
RG Routine care group
SAS Self-Rating Anxiety Scale
STAI-1 State–Trait Anxiety Inventory form 1

Introduction

Magnetic resonance imaging (MRI) is a common non-
invasive imaging technology used for disease detection, diag-
nosis, and treatment monitoring. However, up to 51% of pa-
tients are exposed to anxious experiences prior to and during
MRI scans [1]; reported causes include long wait periods, the
enclosed space, loud noise, contrast-media injection, worry
about the results, and having to remain still for a long time
[1, 2]. This negative perception affects workflow, limits pa-
tient acceptance of MRI, affects image quality, and wastes
scanning time [3].

Patients tend to have limited knowledge about imaging
procedures, which increases their fear and uncertainty [4].
The manner in which patients experience healthcare depends
largely on the attitudes and actions of the healthcare providers
they encounter [5]. Patient education, pre-scan communica-
tion, and other interpersonal interactions represent useful ap-
proaches for increasing patients’ awareness of expectations
during MRI; this improves their ability to cooperate during
the MRI scanning process and mitigates anticipatory anxiety
[6]. However, in many radiology practices, radiographers are
under pressure to complete scans quickly to reach productivity
targets and control costs; this results in less face-to-face inter-
action with patients compared with other medical specialists
and, thus, less individual attention to a patient’s experience [7,
8]. Patient care is often neglected as radiographers focus more
on the scanning than on the patient [9]. Therefore, as work-
loads increase, radiology managers and healthcare providers
should consider how to decrease patient anxiety and minimize
on-site cancellations.

Patient-centered interventions that employ complementary
and alternative methods for alleviating negative emotions are
attracting increasing attention [10]. Among these, aromather-
apy has been shown to have significant clinical benefits for
anxiety and comfort, and it is relatively free of adverse events
[11, 12]. It involves the use of aromatic oils with relatively
small volatile molecules that are inhaled easily and rapidly
through the nose and pass through the blood–brain barrier to

affect the central nervous system directly [13, 14]. Music ther-
apy is another promising therapeutic strategy; listening to
calm and slow-paced music can reduce anxiety and enhance
comfort by affecting the limbic system, which is primarily
responsible for controlling emotional states [15–17].
However, the anxiety-reducing effects of aromatherapy, mu-
sic therapy, or their combination in patients undergoing MRI
examinations have not yet been elucidated. We investigated
the hypothesis that aromatherapy and music therapy conduct-
ed in the MRI waiting roomwould reduce patient anxiety, and
compared the effectiveness of different interventions. We
hope that this work can be beneficial for radiographers, radi-
ologists, health care managers, and patient advocates.

Materials and methods

Our institutional review board approved this study (registra-
tion number: ZY-20200042); all procedures were conducted
in accordance with the principles of the Declaration of
Helsinki. Written informed consent was obtained from each
participant. The participants were informed that the collected
data would not be used for any other purpose. The anonymity,
confidentiality, and destruction of the data after the trial were
guaranteed. Their participation in this trial was based on vol-
untary principle and they could withdraw from the study at
any time. The study was registered at ClinicalTrials.gov
before beginning (ChiCTR2200059071). This trial adhered
to the applicable Consolidated Standards of Reporting Trials
(CONSORT) guidelines [18].

Trial design

This was a single-center, randomized, controlled, double-
blind trial conducted in the Radiology department of our hos-
pital. Four parallel groups with a 1:1:1:1 allocation ratio were
compared: aromatherapy combined with music therapy
(AMTG), aromatherapy (AG), music therapy (MG), and rou-
tine care (RG) groups. The study design is shown in Fig. 1.

Participants

Adult inpatients who required MRI examinations at our insti-
tution were randomly invited to participate in the study.
Participants underwent MRI examinations for the first time
on a 3.0 T unit (Skyra, Siemens Medical Systems) between
November 1, 2021, and January 10, 2022.

Each participant provided consent; participants who failed
to provide consent were excluded from the study. Other ex-
clusion criteria were having a hearing or smell impairment,
having absolute or relative contraindications to MRI, receiv-
ing psychoactive medication, pregnancy or lactation, previous
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participation, inability to cooperate with the investigator, or
refusal to participate.

The sample size was set at a significance level of 0.05, a
power of 0.95, and effect size of 0.25. The calculated mini-
mum number of participants required for each of the four
groups for one-way analysis of variance was 45 per group
using G*Power software 3.1.5 (Heinrich–Heine University).
The sample size was increased by applying a 10% drop and
noncooperation, the sample size was increased to 50 partici-
pants in each group.

Randomization and blinding

An independent clinical research assistant not involved in the
study randomized the participants, using the Research
Randomizer (https://www.randomizer.org/). A card with a
randomly assigned number indicating the group assignment
was placed in an opaque envelope and sealed. The research
assistant opened an envelope for each participant in the order
of their arrival and confirmed the group assignment. The
double-blinded method was used to ensure that neither the
evaluators nor the participants knew the group assignments.

Interventions

For aromatherapy, the essential oils used in the intervention
were chosen after consultation with an aromatherapy expert
together with a review of previous literature. Based on the
consultation and review, we selected lavender essential oil,
one of the gentlest essential oils, which is proven effective in

relieving stress, soothing, and emotional relaxation [19]. Eight
drops of lavender oil were added to 300 ml of water and
diffused into the air using an essential oil diffuser. The dif-
fused oil is inhaled and spreads through the body, reaching
peak levels within 20 min [14]. Therefore, aromatherapy was
conducted for 20 min. The research assistants receiving aro-
matherapy checked whether the aroma oil had been diffused
into the air. They replenished the water in the lamp when it
was depleted and refreshed the prepared aroma oil.

For music therapy, Pachelbel’s Canon in D major was
played; it was selected after consultation with a licensedmusic
expert who has been teaching a music training course for more
than 13 years, together with a review of previous literature.
Based on this consultation and review, we selected this piece,
which was proven effective for improving stress levels, blood
pressure, pulse, and body temperature [20]. The music was
played continuously in a room equipped with speakers, so that
participants could listen without earphones. The research as-
sistants receiving music therapy ensured that music played
continuously and insured that sound fidelity was adequate.

Pachelbel’s Canon in D major was repeated three times
(6 min 40 sec per time), which therefore lasted for 20 min.

The interventions for each group are shown in Fig. 2.
Participants were told to arrive at the intervention site
40 min prior to the scheduled test. A research assistant
assigned each participant randomly to a group before the
MRI examination and then immediately guided the partici-
pants to separate, but similar, intervention rooms. Each inter-
vention room was maintained at 26–27° C and medium-level
lighting to eliminate extraneous factors. Windows were

Fig. 1 The CONSORT diagram of the study. AG, aromatherapy group; MG, music therapy group; AMTG, aromatherapy combined with music therapy
group; RG, routine care group
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covered to control lighting and prevent participants from
looking outside. In addition to the participant–staff interac-
tion, the interventions of the four groups were as follows:

RG: Participants received a 5-min video education and
5 min of a breathing–relaxation technique, followed by
20 min of waiting for the examination. The 20-min delay
in this group is routine, which allows for adequate prep-
aration for pre-inspection and adaptation to the new en-
vironment. The video education involved MRI safety,
check-ups, and verbal information, including the duration
of the examination, the importance of lying still, and the
loud noise generated when images are taken. The
breathing–relaxation technique involved alternating deep
inhalation and exhalation for 5 min.
AG: Participants received a 5-min video education and
5 min of progressive relaxation, followed by 20 min of
aromatherapy.
MG: Participants received a 5-min video education and
5 min of progressive relaxation, followed by 20 min of
music therapy.

AMTG: Participants received a 5-min video education
and 5 min of progressive relaxation, followed by
20 min of simultaneous aromatherapy and music therapy.

Outcomes and measurements

The primary study outcome was the change in anxiety assessed
using the Spielberger State–Trait Anxiety Inventory form 1
(STAI-1) and the Zung Self-Rating Anxiety Scale (SAS), be-
fore and after the MRI examination (ΔSTAI and ΔSAS, re-
spectively). The secondary outcome was comfort scores mea-
sured by Kolcaba’s General Comfort Questionnaire (GCQ).

The STAI-1 [21] was used to measure each participant’s
state of anxiety before the interventions and immediately after
the MRI scan (STAI-before and STAI-after, respectively).
The STAI score has 20 items, for which a person rates anxiety
on a 0–4 scale (“nothing at all” to “very obvious”); the total
score is 20–80 (“no anxiety” to “maximum anxiety”).
Cronbach’s alpha for this scale was 0.87.

Fig. 2 Schematic plot of the study procedure. AG, aromatherapy group;
MG, music therapy group; AMTG, aromatherapy combined with music
therapy group; RG, routine care group; STAI-1, State–Trait Anxiety

Inventory form 1; SAS, Self-Rating Anxiety Scale; GCQ, Kolcaba’s
General Comfort Questionnaire
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The SAS [22] is a self-reported 20-item tool that measures
a participant’s psychological and somatic anxiety before the
interventions and immediately after the MRI scan (SAS-be-
fore and SAS-after, respectively). Each item has a 1–4-point
Likert scale (“no or little time” to “most or all of the time”); the
item scores are summed and multiplied by 1.25. Higher scores
indicate greater levels of anxiety. The SAS has a Cronbach
alpha coefficient of 0.96.

Kolcaba’s GCQ [23] includes 28 items concerning physi-
ological, psychological, spiritual, social/cultural, and environ-
mental aspects. Participants rate comfort on a 1–4-point
Likert-type scale (“strongly disagree” to “strongly agree”).
Negatively worded items were coded inversely; therefore,
higher scores indicate greater comfort levels.

Statistical analysis

Categorical variables are expressed as numbers (percentage);
continuous variables are expressed as mean ± standard devia-
tion or median (interquartile range), depending on the normality
of their distribution. Comparisons of baseline characteristics of
participants of each group consisted of the Chi-square test or
one-way ANONA. One-way analysis of variance was used to
determine whether there were significant differences in the
scores of STAI-before, SAS-before, ΔSTAI-1, ΔSAS, and
GCQ; a least significant difference post hoc analysis was used
for pairwise comparisons. The data analyses followed the
intention-to-treat principle. All statistical analyses were per-
formed using SPSS Statistics version 23.0 (IBM Corp.).
Statistical significance was set at p < 0.05.

Results

Finally, 200 participants (126 [63.0%] females; mean age: 48.3
± 14.9 years) were enrolled, with 50 per group. None of the
participants withdrew from the trial; all participants completed
and returned the questionnaires (100% response rate). Thus, all
participants were analyzed for their primary and secondary out-
comes. The baseline participant characteristics are shown in
Table 1. There were no significant differences among the four
groups (all p > 0.05). Notably, the baseline anxiety scores,
including STAI-before (F = 0.1, p = 0.935) and SAS-before
(F = 0.5, p = 0.721), did not differ among the groups before the
interventions. The most frequent MR scanning site was the
abdomen (118/200, 59.0%), followed by the head and neck
(53/200, 26.5%), chest (29/200, 14.5%), and limbs (15/200,
7.5%). The mean scanning time of AMTG was slightly longer
than that of AG, MG, and RG (25.3 ± 3.1, 23.0 ± 3.0, 22.6 ±
4.0, 22.3 ± 4.7, p ≤ 0.003), whereas there were no significant
differences between AG, MG, and RG (all p > .05). No repeat-
ed examinations occurred in the four groups. No therapy-
related adverse events such as allergies were observed.

The effects of the various interventions are shown in
Table 2. The differences in ΔSTAI-1 among the four groups
were statistically significant (F = 20.6, p < 0.001). The
pairwise comparison tests indicated that the ΔSTAI-1 value
in the AMTG (6.5 ± 5.4) was significantly greater than those
in the MG (2.7 ± 2.5), AG (2.6 ± 1.6), and RG (1.9 ± 1.9) (all
p < 0.001), with mean differences (MD) of 3.8 (95% confi-
dence interval [95% CI]: 2.5–5.1), 3.9 (95% CI: 2.7–5.2), and
4.6 (95% CI: 3.3–5.9), respectively. However, there were no
significant differences in ΔSTAI-1 values among the AG,
MG, and RG (all P > 0.05). Similarly, ΔSAS was signifi-
cantly different among the four groups (F = 250.4, p <
0.001). The ΔSAS was significantly greater in the AMTG
(4.0 ± 1.0) than in the MG (1.7 ± 0.5), AG (1.4 ± 0.5), and
RG (0.6 ± 0.5) (all p < 0.001), with MDs of 2.3 (95% CI:
2.1–2.6), 2.7 (95 % CI: 2.4–2.9), and 3.4 (95% CI: 3.2–3.7),
respectively. Furthermore, the MG has a greater ΔSAS than
the AG (MD = 0.4, 95% CI: 0.1–0.6, p = 0.007) and RG (MD
= 1.1, 95% CI: 0.8–1.4, p < 0.001).

GCQ scores were significantly different among the four
groups (F = 14.1, p < 0.001). The GCQ score was signifi-
cantly greater in the AMTG (98.0 ± 6.9) than in the MG (91.2
± 6.3), AG (92.6 ± 6.6), and RG (89.2 ± 8.5) (all p < 0.001),
with MDs of 6.8 (95% CI: 4.0–9.6), 5.4 (95% CI: 2.6–8.2),
8.8 (95% CI: 6.0–11.7), respectively. The GCQ score of the
AG was similar to that of the MG (MD = 1.4, 95% CI: −1.4
to 4.2, p = 0.328) but greater than that of the RG (MD = 3.4,
95% CI: 0.6–6.2, p = 0.017).

Discussion

This study evaluated the effects of aromatherapy and music
therapy on reducing patient anxiety during MRI examinations
when applied separately and in combination. This randomized
study used interventions with high reproducibility, which
could be utilized by patients before an MRI examination.
The results show that the combination of aromatherapy with
music therapy can further reduce a patient’s anxiety and im-
prove their comfort level during the MRI examination.

Routine MRI preparation does not contain enough infor-
mation about MRI procedures to satisfy most patients, which
strongly suggests a change in current practice is necessary [1].
Some attempts have been made to relieve anxiety before and
during MRI scans, with mixed results. Tugwell et al [1]
showed that video demonstrations or telephone conversations
could significantly reduce pre-MRI anxiety; the video inter-
vention performed slightly better than the phone call.
However, Törnqvist et al [24] found that increased written
information that contained procedural, sensory, and temporal
information about MRI did not decrease patient anxiety, or
increase patient satisfaction regarding the information, com-
pared to patients receiving the routine basic written
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information. Shimokawa et al [25] conducted a non-
randomized controlled trial to evaluate the efficacy of a
patient-friendly audiovisual system in theMRI scanning room
for reducing patients’ anxiety; they found that the audiovisual

system did not significantly reduce anxiety compared to the
standard system. Further research is needed to evaluate the
effects of other interventions on patient anxiety during MRI
scans.

Table 1 Baseline characteristics of participants

Characteristics RG
(n = 50)

MG
(n = 50)

AG
(n = 50)

AMTG
(n = 50)

p value

Age, years 51.0 ± 16.2 47.1 ± 14.2 47.2 ± 14.5 48.3 ± 14.9 0.522

Gender

Male 23 (46.0) 14 (28.0) 17 (34.0) 20 (40.0) 0.277

Female 27 (54.0) 36 (72.0) 33 (66.0) 30 (60.0)

BMIa, kg/m2

Underweight 3 (6.0) 1 (2.0) 7 (14.0) 4 (8.0) 0.056

Normal weight 19 (38.0) 29 (58.0) 30 (60.0) 28 (56.0)

Pre-obesity 26 (52.0) 17 (34.0) 10 (20.0) 16 (32.0)

Obesity 2 (4.0) 3 (6.0) 3 (6.0) 2 (4.0)

Marital status

Single 4 (8.0) 5 (10.0) 5 (10.0) 2 (4.0) 0.181

Married 40 (80.0) 45 (90.0) 40 (80.0) 44 (88.0)

Divorced 2 (4.0) 0 3 (6.0) 0

Widowed 4 (8.0) 0 2 (4.0) 4 (8.0)

Insurance

Yes 50 (100.0) 50 (100.0) 48 (96.0) 50 (100.0) 0.246

No 0 0 2 (4.0) 0

Education level

Primary education 13 (26.0) 15 (30.0) 11 (22.0) 18 (36.0) 0.216

Lower secondary education 15 (30.0) 18 (36.0) 26 (52.0) 18 (36.0)

Upper secondary education or higher 22 (44.0) 17 (34.0) 13 (26.0) 14 (28.0)

Smoking statusb

Currently smoking 12 (24.0) 4 (8.0) 8 (16.0) 6 (12.0) 0.233

Ex-smoking 11 (22.0) 8 (16.0) 10 (20.0) 7 (14.0)

Never smoked 27 (54.0) 38 (76.0) 32 (64.0) 37 (74.0)

Drinking statusc Heavy 5 (10.0) 2 (4.0) 3 (6.0) 1 (2.0) 0.350

Light 16 (32.0) 13 (26.0) 13 (26.0) 9 (18.0)

Never 29 (58.0) 35 (70.0) 34 (68.0) 40 (80.0)

Baseline anxiety measurements

STAI-I 48.1 ± 6.0 47.6 ± 6.1 47.9 ± 5.0 48.4 ± 6.8 0.935

SAS 55.5 ± 3.6 55.0 ± 2.6 54.8 ± 4.4 54.7 ± 3.2 0.721

Contrast injection Yes 23 (46.0) 28 (56.0) 30 (60.0) 32 (64.0) 0.300

No 27 (54.0) 22 (44.0) 20 (40.0) 18 (36.0)

Note.–Unless otherwise indicated, Continuous variables were presented as mean ± SD, and categorical variables were presented as number (%)

RG, routine care group; MG, music therapy group; AG, aromatherapy group; AMTG, aromatherapy combined with music therapy group; BMI, body
mass index; STAI-I, State–Trait Anxiety Inventory form 1; SAS, Self-Rating Anxiety Scale
a BMI categories: underweight (BMI < 18.5), normal weight (BMI ≥ 18.5 and < 24.0), pre-obesity (BMI ≥ 24 and < 28), and obesity (BMI ≥ 28)
b ‘Currently smoking’ refers to someone who has smoked more than 100 cigarettes (including hand-rolled cigarettes, cigars, cigarillos, etc.) in their
lifetime and has smoked in the last 28 days. ‘Ex-smoking’ refers to someone who has smoked more than 100 cigarettes in their lifetime but has not
smoked in the last 28 days. ‘Never smoked’ is someone who has not smoked more than 100 cigarettes in their lifetime and does not currently smoke
cHeavy drinkers were defined as individuals who consume ≥ 21 and ≤ 50 units per week for males and ≥ 15 and ≤ 35 units per week for females (where 1
unit is equivalent to 8 g of ethanol). Light drinkers were defined as individuals who consume ≥ 10 and ≤ 20 units of alcohol per week for males and ≥ 5
and ≤ 14 units of alcohol per week for females
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Complementary and alternative therapies, such as music
therapy and aromatherapy, offer a method of anxiety reduc-
tion in patients undergoing MRI. Music therapy is an inex-
pensive, safe, non-invasive, and effective nonpharmacological
intervention that can regulate a patient’s heart rate, blood pres-
sure, and respiratory rate [20]. Music therapy has been dem-
onstrated to be effective for the management of negative
symptoms, including anxiety, stress, insomnia, agitation, de-
pression, fatigue, and pain, and can improve mental health,
and dementia behaviors [26]. Aromatherapy stimulates the
parasympathetic nervous system via the hypothalamus, there-
by reducing a patient’s heart rate, blood pressure, respiratory
rate, oxygen consumption, and metabolism; this relaxes pa-
tients, alleviates pain, and reduces stress and anxiety [27].
Inhalation aromatherapy has been used as a symptomatic ther-
apy for preoperative anxiety, postoperative nausea and
vomiting, depression, stress, insomnia, pain, and dementia
[11, 12, 28–30]. This intervention is also applicable to patients
preparing for MRI scans, because of its low cost, safety, and
ease of implementation in clinical settings.

This study explored the effects of aromatherapy plus music
therapy and compared the effects with individual interventions.
We attempted to mitigate the influence of extraneous variables
by regulating the temperature and lighting in the intervention
room. The effective use of these therapies requires a suitable
physical space to administer the aroma and music therapies
comfortably. If it is not possible to prepare such an intervention
room, it may be better to control the environment through other
means, since the surrounding environment might affect the
therapeutic efficacy. The results showed that the combined
use of the two types of interventions was associated with a
synergistic effect for reducing anxiety and improving comfort
levels. Aromatherapy and music therapy may interact together

to produce an effect that was greater than the cumulative effect
that the two therapies produce when used individually. We
found that the aromatherapy plus music therapy was superior
to the single-intervention modalities even though the former
had a slightly longer scanning time due to a higher rate of
intravenous contrast rather than other reasons such as repeated
sequences or movement artifact; yet, there were no significant
differences between the aromatherapy and music therapy in-
terventions themselves for state anxiety and comfort score; this
is consistent with previous studies [13, 31, 32]. This may be
because both aromatherapy and music therapy reduce negative
emotions, such as anxiety or stress, among subjects who per-
form demanding cognitive tasks.

This study had some limitations that should be acknowl-
edged. First, since this study was conducted with inpatients at
a single center, the findings of the study cannot be generalized
too widely. Further studies are needed that include outpatients
and consider more personal and social factors that can affect
anxiety. Second, this study focused on adult participants and
did not include pediatric participants, who were often admin-
istered sedation or anesthesia. Third, this study did not com-
pare the effects of different music therapy methods and types,
or test different essential oils, for alleviating participants’ anx-
iety levels. In real-world settings, patients can choose the type
of music and aroma based on their preferences. We can antic-
ipate that aromatherapy and music therapy will be more per-
sonalized and effective in daily routines. Fourth, the intrave-
nous contrast rate of AMTG was higher than other groups,
principally RG. Given the contrast agent injection may in-
crease patient anxiety, the effects of aromatherapy plus music
therapy may be underestimated in this trial. Fifth, the effect of
aromatherapy and music therapy on reducing movement arti-
facts was not investigated because this is not the goal of this

Table 2 Comparison of anxiety and comfort level among groups

Scores Groups Pre-test Post-test Difference (pre-post) F-statistic p value Post hoc analysis

STAI-1 RG (n = 50) 48.1 ± 6.0 46.2 ± 5.5 1.9 ± 1.9 20.6 < .001 AMTG > MG = AG = RG

MG (n = 50) 47.6 ± 6.1 44.9 ± 4.7 2.7 ± 2.5

AG (n = 50) 47.9 ± 5.0 45.3 ± 4.3 2.6 ± 1.6

AMTG (n = 50) 48.4 ± 6.8 41.9 ± 3.3 6.5 ± 5.4

SAS RG (n = 50) 55.5 ± 3.6 54.9 ± 3.6 0.6 ± 0.5 250.4 < .001 AMTG > MG > AG = RG

MG (n = 50) 55.0 ± 2.6 53.3 ± 2.6 1.7 ± 0.5

AG (n = 50) 54.8 ± 4.4 53.5 ± 4.4 1.4 ± 0.5

AMTG (n = 50) 54.7 ± 3.2 50.7 ± 3.3 4.0 ± 1.0

GCQ RG (n = 50) 89.2 ± 8.5 14.1 < .001 AMTG > AG = MG > RG

MG (n = 50) 91.2 ± 6.3

AG (n = 50) 92.6 ± 6.6

AMTG (n = 50) 98.0 ± 6.9

Note: Values are expressed as mean ± standard deviation. RG, routine care group; MG, music therapy group; AG, aromatherapy group; AMTG,
aromatherapy combined with music therapy group; STAI-I, State–Trait Anxiety Inventory form 1; SAS, Self-Rating Anxiety Scale.
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present study and the confounding factors were not well con-
trolled. Additionally, a prior study [33] showed that there is
little evidence for the assumption that anxiety increases mo-
tion and decreases image quality during an MR examination.
Finally, while this study used self-reported questionnaires to
measure anxiety and comfort, future research should also
measure physiological variables to enhance the objectivity of
the study results.

In conclusion, the current study demonstrates that aroma-
therapy plus music therapy is a safe, non-invasive,
nonpharmacological, and inexpensive patient-centered inter-
vention for reducing anxiety and improving comfort in adults
undergoingMRI examinations.While this study examined the
effects of combining aromatherapy with music therapy and
highlighted advances in patient care in the radiology depart-
ment except for advances in imaging technologies, there are
several avenues of future research that can continue to ad-
vance our study, including varying the types of participants
and therapy parameters and including objective physiological
measurements and movement artifact to complement our
participant-based data.

Acknowledgements We would like to thank all the participants who
participated in this study. We also sincerely appreciate Yutian Dong for
her kind help to revise Fig. 2.

Funding This trial was supported by the Bureau of Technology and Big
Data of Zunyi and the First People’s Hospital of Zunyi (Grant no. HZ-
2019-164 and HZ-2022-77).

Declarations

Guarantor The scientific guarantor of this publication is Bin Zhang.

Conflict of interest The authors of this manuscript declare no relation-
ships with any companies whose products or services may be related to
the subject matter of the article.

Statistics and biometry Bin Zhang performed the statistical analysis.

Informed consent Written informed consent was obtained from each
participant.

Ethical approval This trial was approved by the institutional Ethics
Committees of the First People’s Hospital of Zunyi (the Third Affiliated
Hospital of Zunyi Medical University) (registration number: ZY-
20200042).

Methodology
• prospective
• randomised controlled trial
• performed at one institution

References

1. Tugwell JR, Goulden N, Mullins P (2018) Alleviating anxiety in
patients prior to MRI: a pilot single-centre single-blinded
randomised controlled trial to compare video demonstration or tele-
phone conversation with a radiographer versus routine intervention.
Radiography (Lond) 24:122–129

2. Thu H, Stutzman SE, Supnet C et al (2015) Factors associated with
increased anxiety in the MRI waiting room. J Radiol Nurs 34:170–
174

3. Enders J, Zimmermann E, Rief M et al (2011) Reduction of claus-
trophobia during magnetic resonance imaging: methods and design
of the "CLAUSTRO" randomized controlled trial. BMC Med
Imaging 11:4

4. Bolejko A, Sarvik C, Hagell P et al (2008) Meeting patient infor-
mational needs before magnetic resonance imaging: development
and evaluation of an informational booklet. J Radiol Nurs 27:96–
102

5. Munn Z, Pearson A, Jordan Z et al (2005) Patient anxiety and
satisfaction in a magnetic resonance imaging department: initial
results from an action research study. J Med Imaging Radiat Sci
46:23–29

6. Ajam AA, Tahir S, Makary MS et al (2020) Communication and
team interactions to improve patient experiences, quality of care,
and throughput in MRI. Top Magn Reson Imaging 29:131–134

7. Carlos RC (2009) Patient-centered radiology: the time is now. Acad
Radiol 16:515–516

8. Neiman HL (2009) Face of radiology campaign. Acad Radiol 16:
517–520

9. Adams J, Smith T (2003) Qualitative methods in radiography re-
search: a proposed framework. Radiography 9:193–199

10. Krisanaprakornkit T, Krisanaprakornkit W, Piyavhatkul N,
Laopaiboon M (2006) Meditation therapy for anxiety disorders.
Cochrane Database Syst Rev 1:CD004998. https://doi.org/10.
1002/14651858.CD004998.pub2

11. Cho MY, Min ES, Hur MH, Lee MS (2013) Effects of aromather-
apy on the anxiety, vital signs, and sleep quality of percutaneous
coronary intervention patients in intensive care units. Evid Based
Complement Alternat Med 2013:381381

12. Karadag E, Samancioglu S, Ozden D, Bakir E (2017) Effects of
aromatherapy on sleep quality and anxiety of patients. Nurs Crit
Care 22:105–112

13. Son HK, SoWY, KimM (2019) Effects of aromatherapy combined
with music therapy on anxiety, stress, and fundamental nursing
skills in nursing students: a randomized controlled trial. Int J
Environ Res Public Health 16:4185

14. LvXN, Liu ZJ, ZhangHJ, Tzeng CM (2013) Aromatherapy and the
central nerve system (CNS): therapeutic mechanism and its associ-
ated genes. Curr Drug Targets 14:872–879

15. Lai HL, Chen PW, Chen CJ, Chang HK, Peng TC, Chang FM
(2008) Randomized crossover trial studying the effect of music
on examination anxiety. Nurse Educ Today 28:909–916

16. Bradt J, Dileo C, Myers-Coffman K, Biondo J (2021) Music inter-
ventions for improving psychological and physical outcomes in
people with cancer. Cochrane Database Syst Rev 10:CD006911

17. Umbrello M, Sorrenti T, Mistraletti G, Formenti P, Chiumello D,
Terzoni S (2019) Music therapy reduces stress and anxiety in crit-
ically ill patients: a systematic review of randomized clinical trials.
Minerva Anestesiol 85:886–898

18. CONSORT Transparent Reporting of Trials. Available from: http://
www.consort-statement.org. Accessed 8 July 2022

19. Kim S, Roh J, Kim D, Lee H, Ahn Y (2003) Insecticidal activities
of aromatic plant extracts and essential oils against Sitophilus
oryzae and Callosobruchus chinensis. J Stored Prod Res 39:293–
303

2517European Radiology  (2023) 33:2510–2518

1 3

http://www.consort-statement.org
http://www.consort-statement.org
https://doi.org/10.1002/14651858.CD004998.pub2
https://doi.org/10.1002/14651858.CD004998.pub2


20. Knight WE, Rickard PhD NS (2001) Relaxing music prevents
stress-induced increases in subjective anxiety, systolic blood pres-
sure, and heart rate in healthy males and females. J Music Ther 38:
254–272

21. Bieling PJ, Antony MM, Swinson RP (1998) The State-Trait
Anxiety Inventory, Trait version: structure and content re-exam-
ined. Behav Res Ther 36:777–788

22. Zung WW (1994) A rating instrument for anxiety disorders.
Psychosomatics 1971 12:371–379

23. Kolcaba KY MSN A theory of holistic comfort for nursing. J Adv
Nurs 19:1178-1184

24. Törnqvist E, Månsson A, Larsson EM, Hallström I (2006) Impact
of extended written information on patient anxiety and image mo-
tion artifacts during magnetic resonance imaging. Acta Radiol 47:
474–480

25. Shimokawa K, Matsumoto K, Yokota H et al (2022) Anxiety re-
laxation during MRI with a patient-friendly audiovisual system.
Radiography (Lond) 28:725–731

26. Kamioka H, Tsutani K, Yamada M et al (2014) Effectiveness of
music therapy: a summary of systematic reviews based on random-
ized controlled trials of music interventions. Patient Prefer
Adherence 8:727–754

27. Choi J, Lee JA, Alimoradi Z, Lee MS (2018) Aromatherapy for the
relief of symptoms in burn patients: a systematic review of random-
ized controlled trials. Burns 44:1395–1402

28. Hines S, Steels E, Chang A, Gibbons K (2018) Aromatherapy for
treatment of postoperative nausea and vomiting. Cochrane
Database Syst Rev 3:CD007598

29. Ball EL, Owen-Booth B, Gray A, Shenkin SD, Hewitt J, McCleery
J (2020) Aromatherapy for dementia. Cochrane Database Syst Rev
8:CD003150

30. Smith CA, Collins CT, Crowther CA (2011) Aromatherapy for pain
management in labour. Cochrane Database Syst Rev 7:CD009215.
https://doi.org/10.1002/14651858.CD009215

31. Lesiuk T (2010) The effect of preferred music on mood and perfor-
mance in a high-cognitive demand occupation. J Music Ther 47:
137–154

32. Lilley JL, Oberle CD, Thompson JG (2014) Effects of music and
grade consequences on test anxiety and performance.
Psychomusicology 24:184–190

33. Klaming L, van Minde D, Weda H, Nielsen T, Duijm LE (2015)
The relation between anticipatory anxiety and movement during an
MR examination. Acad Radiol 22:1571–1578

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such
publishing agreement and applicable law.

2518 European Radiology  (2023) 33:2510–2518

1 3

https://doi.org/10.1002/14651858.CD009215

	Effects of aromatherapy and music therapy on patients’ anxiety during MRI examinations: a randomized controlled trial
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Trial design
	Participants
	Randomization and blinding
	Interventions
	Outcomes and measurements
	Statistical analysis

	Results
	Discussion
	References


