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Abstract
Background Brain magnetic resonance imaging (MRI) is a crucial tool for clinical evaluation of the brain and neurosci-
ence research. Obtaining successful non-sedated MRI in children who live in resource-limited settings may be an additional 
challenge.
Objective To present a feasibility study of a novel, low-cost MRI training protocol used in a clinical research study in a rural/
semi-rural region of Colombia and to examine neurodevelopmental factors associated with successful scans.
Materials and methods Fifty-seven typically developing Colombian children underwent a training protocol and non-sedated 
brain MRI at age 7. Group training utilized a customized booklet, an MRI toy set, and a simple mock scanner. Children 
attended MRI visits in small groups of two to three. Resting-state functional and structural images were acquired on a 1.5-
Tesla scanner with a protocol duration of 30-40 minutes. MRI success was defined as the completion of all sequences and no 
more than mild motion artifact. Associations between the Wechsler Preschool and Primary Scale of Intelligence (WPPSI), 
Movement Assessment Battery for Children (MABC), Behavioral Rating Inventory of Executive Function (BRIEF), Child 
Behavior Checklist (CBCL), and Adaptive Behavior Assessment System (ABAS) scores and MRI success were analyzed.
Results Mean (SD) age at first MRI attempt was 7.2 (0.2) years (median 7.2 years, interquartile range 7.1-7.3 years). Twenty-
six (45.6%) participants were male. Fifty-one (89.5%) children were successful across two attempts; 44 (77.2%) were suc-
cessful on their first attempt. Six (10.5%) were unsuccessful due to refusal or excessive motion. Age, sex, and scores across 
all neurodevelopmental assessments (MABC, TVIP, ABAS, BRIEF, CBCL, NIH Toolbox Flanker, NIH Toolbox Pattern 
Comparison, WPPSI) were not associated with likelihood of MRI success (P=0.18, 0.19, 0.38, 0.92, 0.84, 0.80, 1.00, 0.16, 
0.75, 0.86, respectively).
Conclusion This cohort of children from a rural/semi-rural region of Colombia demonstrated comparable MRI success rates 
to other published cohorts after completing a low-cost MRI familiarization training protocol suitable for low-resource settings. 

 * Sarah B. Mulkey 
 sbmulkey@childrensnational.org

1 Zickler Family Prenatal Pediatrics Institute, Children’s 
National Hospital, Washington DC, USA

2 Sabbag Radiólogos, Barranquilla, Colombia
3 Division of Diagnostic Imaging and Radiology, Children’s 

National Hospital, Washington DC, USA
4 Division of Biostatistics and Study Methodology, Children’s 

National Hospital, Washington DC, USA
5 Developing Brain Institute, Children’s National Hospital, 

Washington DC, USA
6 Department of Radiology, The George Washington 

University School of Medicine and Health Sciences, 
Washington DC, USA

7 Division of Pediatric Neuropsychology, Children’s National 
Hospital, Washington DC, USA

8 Department of Psychiatry and Behavioral Sciences, 
The George Washington University School of Medicine 
and Health Sciences, Washington DC, USA

9 Department of Pediatrics, The George Washington University 
School of Medicine and Health Sciences, Washington DC, 
USA

10 BIOMELab, Barranquilla, Colombia
11 Department of Neurology, The George Washington 

University School of Medicine and Health Sciences, 
Washington DC, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s00247-024-05964-y&domain=pdf
http://orcid.org/0000-0001-7363-722X
http://orcid.org/0009-0003-1937-2349
http://orcid.org/0000-0002-4346-0117
http://orcid.org/0000-0001-8054-5788
http://orcid.org/0000-0002-1999-336X
http://orcid.org/0000-0003-3547-8859
http://orcid.org/0000-0001-8363-5404
http://orcid.org/0000-0003-1735-0069
http://orcid.org/0000-0002-2469-1518
http://orcid.org/0000-0002-3011-8814
http://orcid.org/0000-0002-8084-526X


1514 Pediatric Radiology (2024) 54:1513–1522

Achieving non-sedated MRI success in children in low-resource and international settings is important for the continuing 
diversification of pediatric research studies.

Graphical abstract
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Introduction

Brain magnetic resonance imaging (MRI) is a safe and 
important diagnostic imaging tool for pediatric clinical care 
and neuroscience research. Structural brain differences, as 
detected by MRI, are important indicators of the basis for 
child neurodevelopmental delays and neurologic disabilities 
[1, 2]. Furthermore, the expansion of MRI as a research 
technique to a variety of international settings is an impor-
tant step in diversifying clinical research participant cohorts 
and increasing the applicability of clinical norms and refer-
ences to populations around the globe [3].

Brain MRI in pediatric settings is challenging due to 
the need to have the child free of motion for the duration 
of the MRI protocol to avoid movement artifacts, which 
can limit interpretation of the images. In clinical settings, 
children often require sedation when they are too young 
to cooperate with staying still for the duration of an MRI, 
which adds a higher level of complexity to this procedure. 
In newborns, recent protocols have been developed which 
are becoming more widely used to obtain successful non-
sedated neonatal MRIs during natural sleep [4]. MRIs done 
for pediatric research often cannot include sedation due to 
more than minimal risk with anesthesia, which limits its 
use to understand the developing brain over certain periods 
of child development [5, 6]. In addition, sedation, though 
effective in achieving MRI images of high quality, is expen-
sive, time-consuming, and carries certain risks, even under 
optimal conditions [4, 6, 7]. Prior studies have suggested 
that there may be long-term effects of anesthesia on brain 
development [8–10]. Furthermore, the need for sedation may 
result in MRIs being less feasible and economically viable 
in settings with limited healthcare infrastructure or limited 

financial resources [3]. Thus, for both clinical and research 
scans, utilizing techniques to train children to successfully 
have an MRI without sedation is of great benefit.

Studies have shown that children are more likely to be 
successful in lying still for awake MRI scans by 6 to 8 years 
of age [11, 12]. Some children and even adults, however, 
may still have difficulties completing the MRI due to the 
nature of the MRI environment, including loud noises and 
narrow spaces that may induce claustrophobia [4, 11]. It 
has been shown that young children undergoing non-sedated 
brain MRI are most successful after they have received 
comprehensive training and familiarization with the MRI 
environment [13–16]. Previous studies have shown success 
rates ranging from 75 to 100% in non-sedated pediatric MRI 
following training with a shell mock MRI scanner [5, 6, 17, 
18]; however, the definition of MRI “success” also varies 
across studies, as success from a clinical diagnostic perspec-
tive may differ from research study protocols that apply more 
stringent criteria for head motion, such as a maximum dis-
placement parameter of ≤3 mm reported by de Bie et al. 
[6]. Barnea-Goraly et al. have demonstrated success using 
a novel, low-cost non-sedated MRI training protocol in the 
United States that does not require a commercial mock scan-
ner, reporting 100% success in acquisition of T1-weighted 
scans and 92.5% success in acquisition of diffusion-weighted 
scans (defining success as completion of the entire scan and 
no more than mild motion artifact) [5].

In this study, we developed a low-cost MRI training 
protocol for use in a rural/semi-rural area of Latin America 
adapted from our procedures that have been successfully 
used in several other studies of child neurodevelopment 
in the United States [12]. Our objective was to assess the 
feasibility and success rates of our brain MRI training 



1515Pediatric Radiology (2024) 54:1513–1522 

protocol in a typically developing pediatric research cohort 
of 7-year-old children from a rural/semi-rural region of 
Colombia. We examined factors within this sample that 
may affect MRI success, including associations between 
success in brain MRI scans and neurodevelopmental 
assessment scores in the domains of cognition, motor 
abilities, and executive function. The development of low-
cost MRI training methods for children that can be used in 
an international setting is crucial for feasibility of global 
health pediatric MRI research in low-resource regions.

Materials and methods

Study sample

Fifty-seven healthy 7-year-old Colombian children in a 
neurodevelopment study [19] underwent MRI training in 
preparation for non-sedated scans. All children were Span-
ish speaking and resided in Colombia’s lowest socioeco-
nomic stratum (a Colombian classification system based 
on residential housing characteristics including public 
service availability, road type, topography, and building 
characteristics [20]) in rural and semi-rural towns in the 
Municipality of Sabanalarga, in the Department of Atlán-
tico, Colombia. These 57 participants were originally 
selected as non-exposed controls in a study of neurode-
velopment following antenatal viral exposure; thus, they 
are considered healthy and typically developing children 
of their communities. As such, upon enrollment, all chil-
dren met the inclusion criteria for the original study: they 
had no diagnosed medical, psychological, or behavioral 
conditions; no history of neurologic, hearing, or vision 
problems not corrected by glasses; no caregiver-reported 
developmental concerns; no history of physical or occu-
pational therapy for developmental delays; and were not 
born preterm (≤36 weeks gestation) [19]. Children were 
also excluded if their mother reported exposure to an 
infectious disease during pregnancy (e.g., Zika, Dengue, 
Chikungunya) [19]. The participants were age-matched 
to cases at the time of evaluation and recruited from the 
same rural and semi-rural towns as the cases in the neu-
rodevelopmental study via door-to-door recruitment and 
flyers distributed at the local schools. Upon enrollment, 
informed written consent was obtained from the parent or 
legal guardian of all participants. The study was approved 
by the Institutional Review Board of Children’s National 
Hospital, Washington, DC and the Institutional Review 
Committee and the Independent Committee on Research 
Ethics (CIRCIE), Barranquilla, Colombia. This study is 
registered on ClinicalTrials.gov, NCT04398901.

MRI training procedures

Training occurred in groups of five to ten children at a com-
munity site prior to their MRI scans and was conducted by 
a trained research coordinator. Children were transported 
by a different study team member to the community site in 
groups and were able to watch their peers undergo the mock 
MRI training process (Fig. 1). The research coordinator 
demonstrated the scanning process using a Playmobil Radi-
ology Playset that includes a miniature model MRI scanner 
and a toy “patient” and “radiologist” (Brandstätter Group, 
Zirndorf, Germany). As originally described by Barnea-
Goraly et al. and previously used by our group, a colorful 
collapsible play tunnel simulated the scanning environment 
[5, 12]. The research coordinator guided each child through 
practicing lying still in the tunnel for 3 to 5 min as the child 
listened to typical sounds of an MRI through headphones 
connected to a phone or computer. A dishware container 
at the top of the play tunnel modeled a head coil (Fig. 1). 

Fig. 1  Group MRI familiarization and training session. A group MRI 
training session in a community center in Sabanalarga, Colombia. A 
7-year-old child lays in the play tunnel that served as a mock MRI 
scanner while wearing headphones to simulate the scanning environ-
ment. A member of the study team plays MRI sounds as the child 
lays still for 3-5 minutes. Another 7-year-old child in the training ses-
sion observes the child practicing while waiting for their turn in the 
mock scanner
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During the practice session, the research coordinator pro-
vided gentle reminders to keep still if children moved their 
heads or limbs to help children understand the behavioral 
requirements for a successful scan. As part of the training, 
children also listened to a read-aloud of a customized book-
let designed for the purpose of the neurodevelopment study 
which explained the MRI procedure and included photos of 
a child undergoing an MRI at the same radiology suite in 
Barranquilla, Colombia, where their imaging would occur 
(Fig. 2). Participants received a copy of the booklet to take 
home with them as well as a sticker reward for their coopera-
tion. The total cost of the training supplies for all subjects 
was less than $100 USD.

Non‑sedated MRI acquisition

On a separate day, children and their parents were driven 
to the MRI site (Sabbag Radiólogos) in the city of Barran-
quilla by a study team member. Travel time was over an 
hour and often complicated by weather conditions such as 
heat and flash flooding. Two to three children were sched-
uled on each appointment day and were transported to the 
site together. Children were provided lunch and waited in a 
family-friendly area of the radiology center that was sepa-
rate from clinical patients. Radiology staff took instant-print 
photos of the children in the radiology suite to be attached 

to their MRI booklets as part of a prize for their “MRI day,” 
in addition to a toy or other incentive for their participation 
(Fig. 2). All children were escorted by a parent (typically 
their mother) at all times of the MRI visit and a coordi-
nator from the imaging center remained with the children 
and families throughout the entire process. Parents were 
invited to join their child in the scanning room during the 
scan with their own set of headphones on and were able 
to have their hand touching their child to ensure the child 
knew their parent was with them. Hesitant children or those 
who initially refused the scan were permitted to watch peers 
successfully complete the MRI before attempting or trying 
again. If a child was ultimately unsuccessful on their first 
scan session due to either poor image quality (attributable 
to excessive motion) or refusal, they had the opportunity to 
try again during a second scan session on a different date. 
If a child was hesitant or wanted to prematurely leave the 
scanner, they were praised for their attempt and the interac-
tion was focused on maintaining and developing trust with 
the scanning team to leverage for any second attempt. Sec-
ond attempts were also conducted in groups of two to three 
children. Mock scanner and other behavioral MRI train-
ings were not repeated prior to a second scan session, but 
all other aspects of the day of testing were the same. The 
length of time between training and MRI acquisition, as well 
as between first and second MRI attempts, varied due to 

Fig. 2  Spanish-language MRI booklet excerpts. a Cover page (trans-
lation, My MRI Day); 18 photos included in the booklet were taken at 
Sabbag Radiólogos, where children underwent brain MRI. (b) Sam-
ple page (translation, Now they are going to put this helmet over my 
head…/…and this warm blanket. I am very comfortable! I could take 
a good nap./I wear these headphones to hear and talk with the MRI 
person). Sample page explaining the steps of the MRI scan session. 

(c)  Final customizable page (translation,  What a fun day! We’ll see 
you on your MRI day! / My MRI day / Attach a photo here of yourself 
on your MRI day). The radiology team was equipped with an instant-
print camera to take photos of children in the MRI suite to be added 
to their booklets. The full text of the booklet can be found in Supple-
mentary Material 1
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radiology appointment and family availability; no minimum 
or maximum times were set.

Scans were acquired on a GE 1.5-T scanner (General 
Electric, Milwaukee, WI) using an eight-channel head 
coil. The 30-40-min MRI protocol included resting-state 
functional and structural images. Sequences included 
sagittal 3D T1-weighted spoiled gradient recalled 
(SPGR), sagittal 3D T-2-weighted CUBE, axial resting-
state fMRI, axial diffusion tensor imaging (DTI), and 
axial T-2-weighted fluid-attenuated inversion recovery 
(FLAIR) images. After 10 min of resting-state functional 
sequences, children watched a pre-selected movie through 
MRI-compatible video goggles (Resonance Technology 
Inc., Los Angeles, CA) during the remaining structural 
sequences. To help minimize motion, children were 
wrapped in a blanket and had foam placed inside the head 
coil to hold their head in place. Sequences with visible 
motion were repeated during the same scanning session 
when able. The MRI data were transferred to Children’s 
National Hospital, Washington, DC, where the data were 
reviewed for quality and interpreted by a pediatric neu-
roradiologist (GV).

Neurodevelopmental assessment

As a part of the neurodevelopmental study in which these 
children were enrolled as controls, children completed a bat-
tery of cognitive and motor assessments on the same day as 
their MRI training [19]. Cognitive skills were assessed using 
the Wechsler Preschool and Primary Scale of Intelligence 
(WPPSI), which was administered by trained pediatric neu-
ropsychologists [21]. Full-scale IQ (FSIQ) was calculated 
according to the Spanish manual norms used as a meas-
ure of overall intelligence. The standard score of the Test 
de Vocabulario en Imágenes Peabody (TVIP, the Spanish 
adaptation of the Peabody Picture Vocabulary Test) was 
used to determine child receptive language development. 
The Movement Assessment Battery for Children 2nd edi-
tion (MABC) was used for motor skills evaluation in the 
domains of manual dexterity, aiming and catching, and bal-
ance [22]. We calculated MABC overall scores as per the 
manual. The TVIP and MABC were administered by trained 
research coordinators. The Spanish versions of the parent 
forms Behavioral Rating Inventory of Executive Function 
(BRIEF), Child Behavior Checklist (CBCL), and Adaptive 
Behavior Assessment System (ABAS) were used to assess 
executive functioning, psychosocial functioning, and adap-
tive behavior [23–25]. The BRIEF General Executive Com-
posite (GEC), CBCL Total Problems score, and the ABAS 
General Adaptive Composite (GAC) were used in analysis. 
Trained research coordinators assisted parents and caregiv-
ers in filling out all parent forms as needed. The age-cor-
rected standard scores for the Flanker Inhibitory Control and 

Attention Test and the Pattern Comparison Processing Speed 
Test from the NIH Toolbox were also analyzed following 
administration by trained pediatric neuropsychologists.

Statistical analysis

Following each set of MRI scan sessions, MRI sequences 
acquired and reasons for missing sequences, if any, were 
documented in REDCap [26] for each participant. Neu-
rodevelopmental assessment scores and demographic 
information were stored in REDCap. Sociodemographic 
data were summarized as means and standard deviation 
for continuous variables and as count and percentage for 
categorical variables. A successful MRI was defined as 
one in which the child remained in the scanner for the 
duration of all sequences and any motion artifacts were 
mild and did not detract from the diagnostic accuracy of 
the images. We used logistic regression to evaluate the 
extent to which any given variable predicts whether a sub-
ject had an MRI success on their first attempt. We used 
this approach since it is equivalent to using a negative 
binomial model for the number of attempts needed for 
a successful MRI scan that includes censoring for those 
who do not have a success. Predictor variables included 
sex, age at MRI, MABC overall score, TVIP standard 
score, ABAS GAC, BRIEF GEC, CBCL Total Problems, 
NIH Toolbox Flanker age-corrected standard score, NIH 
Toolbox Pattern Comparison age-corrected standard score, 
and WPPSI FSIQ. Separate models were used to evaluate 
each predictor variable. As a sensitivity analysis, we also 
examined how much results changed for each predictor 
variable when the following covariates were added to the 
model singly: sex, age, and the gap in time between MRI 
date and training date.

Results

MRI acquisition outcomes

Children were a mean (SD) age of 7.2 (0.2) years (median 
7.2 years, interquartile range [IQR] 7.1-7.3) at the time of 
their first MRI attempt. Twenty-six (45.6%) participants 
were male. MRI training occurred between 1 and 122 days 
(median 21 days) before the first MRI attempt. The mean 
(SD) age at MRI training was 7.1 (0.1) years (median 7.1 
years, IQR 7.0-7.1 years). Between November 2022 and June 
2023, after a single visit 44 of 57 (77%) of children success-
fully completed the MRI; success rates improved to 51 of 
57 (89%) children after a second visit (Fig. 3). The 13 initial 
failures were due to either refusal upon arrival at the imag-
ing center (n=10) or excessive motion during image acquisi-
tion (n=3) (Fig. 3). All three children with excessive motion 
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in their initial scans were successful in a second attempt, as 
were four children who had refused the first attempt. Of the 
remaining six children whose first MRI was unsuccessful 
due to refusal, two made a second attempt but did not suc-
cessfully complete the MRI due to refusal, and four children 
declined a second attempt (Fig. 3). Second scan sessions 
occurred between 41 and 229 days after initial MRI training.

Factors associated with MRI success

Neither age at MRI (P=0.18) nor child sex (P=0.19) pre-
dicted whether participants successfully completed the MRI. 
Days between MRI preparation and first MRI appointment 
also did not differ between unsuccessful and successful par-
ticipants (P=0.90). MRI success was not significantly asso-
ciated with performance on any of the neurodevelopmental 
assessments (Table 1). The range of neurodevelopmental 
assessment scores in this sample can be found in Supple-
mentary Material 2.

Discussion

We developed a low-cost, portable, and engaging Spanish-
language brain MRI training protocol and demonstrated its 
success at preparing 7-year-old children from a low-resource 
area of Latin America for non-sedated brain MRI, with 
89% overall success in usable image acquisition (defined 
as completion of all sequences with no motion artifacts that 
detracted from the diagnostic accuracy of the images) in our 
cohort of 57 children. To our knowledge, this is the first time 

Fig. 3  MRI success outcomes 
over two scan sessions

Table 1  Associations (P-values) between neurodevelopmental evalu-
ations and MRI success

Logistic regression was used to determine the extent to which any 
given neurodevelopmental assessment score or other predictor vari-
able (sex, age at MRI) predicts subject success on first MRI attempt. 
P-values were calculated using separate models for each predictor 
variable. The covariates age at MRI, sex, and days since MRI train-
ing were added as a sensitivity analysis. MRI success was not signif-
icantly associated with any of the predictor variables examined (all 
P-values >0.05). MRI, magnetic resonance imaging; MABC, Move-
ment Assessment Battery for Children; TVIP, Test de Vocabulario en 
Imágenes Peabody (Peabody Picture Vocabulary Test); ABAS, Adap-
tive Behavior Assessment System; GAC , General Adaptive Compos-
ite; BRIEF, Behavior Rating Inventory of Executive Function; CBCL, 
Child Behavior Checklist; NIH, National Institute of Health; WPPSI, 
Wechsler Preschool and Primary Scale of Intelligence

Predictor Covariate

None Age at MRI Sex Days 
since 
training

Sex 0.19 0.19 -- 0.21
Age at MRI 0.18 -- 0.19 0.072
MABC overall 0.38 0.47 0.30 0.38
TVIP 0.92 0.92 0.89 1.00
ABAS GAC 0.84 0.85 0.78 0.83
BRIEF GEC 0.80 0.96 0.61 0.80
CBCL Total Problems 1.00 0.97 0.73 0.98
NIH Flanker 0.16 0.28 0.053 0.17
NIH Pattern Comparison 0.75 0.75 0.67 0.68
WPPSI Full-Scale 0.86 0.89 0.82 0.85
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that pediatric MRI success rates with comprehensive train-
ing in an international low-resource setting have been pub-
lished. While it has been demonstrated that MRI training and 
familiarization improve pediatric MRI success rates, most 
studies investigating pediatric MRI training success take 
place in high-resource settings such as academic medical 
centers in the United States, the United Kingdom, Canada, 
and Australia [18]. Many studies also include clinical patient 
populations who may be more familiar with healthcare set-
tings prior to their MRI than participants in this research 
cohort. To our knowledge, this is the first Spanish-language 
protocol that has been published. Nonetheless, the success 
levels demonstrated in this report are comparable to those 
obtained from children seen in medical centers such as Stan-
ford University, St. Michael’s Hospital/University of Bris-
tol, and Alberta Children’s Hospital following mock MRI 
preparation, highlighting the potential for low-resource clini-
cal and research sites to achieve comparable pediatric MRI 
results to those achieved in a high-resource environment [5, 
27, 28]. The ability to successfully harness brain MRI for 
clinical diagnostic purposes and for research may be particu-
larly important in lower-resource settings with less health-
care infrastructure and where children may be at greater 
risk of abnormal neurodevelopment from influences such as 
adverse infectious and environmental exposures, nutritional 
deficits, and violence-related posttraumatic stress [29–35].

This study did not find factors that influence MRI success, 
which may be due to the overall low number of children that 
did not achieve MRI success as well as the low variability in 
age and some of the other variables we examined. Addition-
ally, given that the children in this study were all typically 
developing controls, lower variability in neurodevelopmen-
tal assessment scores may also contribute to the lack of 
association observed between their scores and MRI success. 
Some studies that examined relationships between develop-
mental factors and MRI success found associations between 
neurodevelopmental outcomes and MRI compliance [5, 27, 
36, 37]. Higher cognitive assessment scores were associated 
with MRI success in a study of typically developing children 
by Thieba et al., but intelligence was not a significant predic-
tor of MRI completion in a neuro-oncology patient popula-
tion examined by Weiler-Wichtl et al. or in healthy controls 
or pediatric type I diabetes patients as seen in Barnea-Goraly 
et al. [5, 36, 37]. Parent-reported hyperactivity was found to 
be related to MRI success in the study conducted by Weiler-
Wichtl et al., but not by Barnea-Goraly et al. or in a study 
of children cooled for neonatal encephalopathy and age-
matched controls by Woodward et al. [5, 27, 36]. Motor abil-
ity, specifically balance, was found to be predictive of MRI 
success by Woodward et al., but Thieba et al. did not observe 
a relationship between motor scores and MRI completion 
[27, 37]. Other factors that have been associated with MRI 
success, such as memory [36], processing speed [27], and 

language ability [37], have not been widely studied. Further-
more, none of the aforementioned studies was conducted in 
low- and middle-income countries or a low-resource region 
outside of the United States. There are significant gaps in the 
literature as to how children in low-resource international 
healthcare settings comply with non-sedated brain MRI.

In our study, we did not find that the number of days 
between MRI training and the MRI was a significant factor 
for predicting MRI success. We had hypothesized that chil-
dren whose MRI training was closer to the MRI day would 
be more successful, based on prior studies, but this was not 
shown by our data. In other studies that have examined the 
efficacy of MRI training and familiarization protocols, train-
ing occurred immediately prior to the MRI or a few days 
before [15, 28]. Thus, our observation that the time between 
training and scanning did not significantly affect likelihood 
of success is a particularly important finding. In remote or 
low-resource settings where appointment scheduling and 
travel to a hospital or imaging center may be more diffi-
cult, our findings support flexibility in the timing of training 
appointments and scan sessions. The variability in timing for 
our research participants was due to multiple factors includ-
ing the COVID-19 pandemic, family schedules, MRI and 
research team transportation availability, and school and 
holiday schedules. Future studies may assess participant 
MRI training skills retention over time from MRI training 
to determine if there is a time in which participants would 
require MRI re-training. Future researchers interested in 
implementing a similar MRI training intervention may also 
consider conducting training on the day of the MRI to miti-
gate logistical challenges and standardize the consistency of 
time between training and MRI scan acquisition.

This study has several limitations. First, the MRI train-
ings and results reported here were a component of our 
original study designed to evaluate the impact of antenatal 
viral exposure on child development. This was a standalone 
case study of the feasibility and success of this MRI training 
protocol in a very specific pediatric population of typically 
developing 7-year-old children from rural and semi-rural 
regions of Colombia. Thus, all children completed the MRI 
training protocol, and we are unable to provide a baseline 
MRI success rate in similar children who did not receive 
the training. The imaging center where these scans were 
completed had never acquired non-sedated MRI images in 
children as young as 7 years old prior to this collaboration 
for research purposes, so while our low-cost training pro-
tocol resulted in high success in MRI acquisition, we are 
unable to compare success rates following this protocol to 
success rates in clinical scan acquisition in comparable chil-
dren at this institution. Due to the lack of an appropriate con-
trol group for this study, we are unable to say conclusively 
whether we could have achieved similar rates of MRI suc-
cess in this population without the use of our MRI training 
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protocol or another preparation method. To our knowledge, 
there are no published data regarding non-sedated MRI 
success rates in 7-year-old children in Colombia, or any-
where else in Latin America, which further limits our ability 
to determine the impact of our training protocol on these 
high rates of success. We did not collect data on number 
of repeat sequences or study length, nor did we grade indi-
vidual sequence quality; all of these would be useful metrics 
in future studies of non-sedate MRI acquisition. Our crite-
ria in grading motion artifact were purely qualitative; the 
implementation of more precise criteria when grading image 
quality would also improve comparability of the results of 
studies such as this one. Further, we did not collect data on 
the success rate in this population using a commercial mock 
MRI scanner, as opposed to a play tunnel, since this was not 
available, so we cannot compare the success rates of these 
two approaches to MRI training. However, Fletcher et al. 
did not find a significant difference in success rates between 
mock scanners and other familiarization techniques such as 
play-based training in a sample of 122 children aged 3-7 
years undergoing clinical MRI scans [28].

This study only conducted MRI training in a group set-
ting, and children were always brought to the radiology 
center with peers, so we are unable to independently evalu-
ate the contributions of the peer support environment and the 
MRI training protocol itself to the success rate of our popu-
lation. It is possible that the efficacy of the MRI training pro-
tocol would have differed had the training been conducted 
in a one-on-one format with research staff and children, as 
most other studies have done. Finally, we did not collect 
information on the amount of time, if any, that parents or 
caregivers spent reviewing the “My MRI Day” booklet with 
their child, practicing lying still, or otherwise contributing 
to their child’s preparation prior to the scan, in addition to 
the group training conducted by the study team. Parents in 
our cohort have variable literacy skills [38], which may have 
also impacted whether children benefitted from additional 
preparation outside of the training session, as parents with 
lower literacy skills may have been less likely to review 
the MRI booklet with their child. We also did not collect 
information on satisfaction with the MRI booklet or to what 
extent participants found the booklet engaging. These factors 
may have made a difference in the success of each child and 
should be monitored more closely in future studies.

Future researchers can use this MRI training protocol in 
other low-resource settings to provide effective, easy-to-
implement familiarization prior to an MRI. It is important 
to note that numerous studies have found age to be an 
important predictive feature of MRI scan success [15, 28, 
39], so this protocol may need to be adapted for other age 
groups given that it was exclusively piloted with 7-year-
olds. We did not study the efficacy of this protocol on a 
diverse age range of children. It is important to note that 

this case study presents data from a highly homogene-
ous, typically developing pediatric population recruited 
specifically to match the sociodemographic characteristics 
of cases in a separate study of child neurodevelopment. 
This protocol may require adaptation for clinical usage, as 
well as for research conducted in populations with differ-
ent cultural, socioeconomic, or geographical characteris-
tics, or to improve compatibility with distinct healthcare 
infrastructures.

Conclusion

In this case study of MRI training feasibility, children from 
a rural/semi-rural setting in Colombia demonstrated simi-
lar or greater success in non-sedated MRIs after a low-cost 
group training as compared to similar-aged children seen 
in high-resource urban medical centers, with 89% overall 
scan success. The MRI familiarization methods described in 
this report may help to maximize non-sedated MRI success 
among children in low-resource and international settings 
and the group format that allows for peer modeling may 
be an effective method for increasing MRI success across 
pediatric studies. Future research with a well-matched con-
trol group that does not receive MRI training, or receives a 
different type of training, prior to scan acquisition is needed 
to accurately determine the impact of this familiarization 
protocol on non-sedated MRI success.
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