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ABSTRACT

We evaluated the use of a mock scanner training protocol for the preparation of young 
children undergoing structural Magnetic Resonance Imaging (MRI) as an alternative for 
sedation and for preparing young children for functional Magnetic Resonance Imaging 
(fMRI). A group of 90 children (median age 6.5 years, range 3.65-14.5 years) participated 
in this study. Children were referred to the actual MRI investigation only when they 
passed the training. We assessed the pass rate of the mock scanner training sessions. 
In addition, quality of both structural and functional MRI scans was rated on a semi-
quantitative scale. The overall pass rate of the mock scanner training sessions was 94%. 
Structural scans of diagnostic quality were obtained in 95% of children who passed the 
mock scanner training session, and fMRI scans with sufficient quality for further analysis 
were obtained in 75% of the children. Even in children under seven years of age, who are 
generally sedated, the success rate of structural scans with diagnostic quality was 96%. 
FMRI scans with sufficient quality were obtained in 70% of the children in this younger 
age group. The association between age and proportion of children with fMRI scans of 
sufficient quality was not statistically significant. We conclude that a mock MRI scanner 
training protocol can be useful to prepare children for a diagnostic MRI scan. It may 
reduce the need for sedation in young children undergoing MRI. Our protocol is also 
effective in preparing young children to participate in fMRI investigations.
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INTRODUCTION

Magnetic Resonance Imaging (MRI) is a common diagnostic imaging modality provid-
ing exquisite anatomic detail. In recent years, functional MRI (fMRI) is increasingly being 
used for research on brain functioning in children. The design and dimensions of most 
MRI systems can be intimidating (huge machine, loud noise, narrow bore), especially 
for young children. Together with a lack of comprehension, this may induce anxiety and 
distress, resulting in poor or non-adherence and excessive movement. MRI scans and 
especially fMRI scans are highly sensitive to movement artefacts. Therefore, it is difficult 
to obtain scans of good quality in young children, and sedation or general anaesthesia 
is used in most patients undergoing MRI investigation under seven years of age (Cote 
et al., 2000; Lawson 2000; Smart 1997). Sedation is used even at higher ages in children 
with mental retardation or severe behavioural abnormalities. Due to a great increase in 
the number of MRI investigations in the pediatric population, MRI investigations under 
sedation can be delayed for several months (Wachtel et al., 2009). Additionally, sedation 
of paediatric patients has serious associated risks. Among those, respiratory depression 
and airway obstruction are the most important (Cote et al., 2000; Cravero et al., 2006; 
Malviya et al., 1997). Several factors contributing to this risk are drug overdosage, drug 
interactions, and the lack of established procedures to provide sedation by qualified 
personnel (Cote et al., 2000).

In contrast to MRI investigations in a diagnostic setting, most ethic committees wil not 
allow sedation to be used in typically developing children for research purposes. In ad-
dition, task related fMRI requires an awake and cooperative participant, which precludes 
sedation. Several procedures for obtaining scans of acceptable quality in young children 
while avoiding the use of sedation have been suggested, including acquisition during 
sleep, explaining the procedure of the MRI investigation using photos or a video, or us-
ing a small model of the MRI scanner to familiarize the child with the layout of the unit 
(Nordahl et al., 2008; Pressdee et al., 1997; Johnson et al., 2002). In addition, extensive 
preparation with a guided tour of the MRI facility, employing a step by step approach to 
introduce all necessary equipment has been described (Byars et al., 2002). Furthermore, 
distraction devices such as video viewing systems or relaxation audiotapes can be used 
during actual MRI investigation (Byars et al., 2002; Harned and Strain 2001; Koch 2008; 
Smart 1997). A promising alternative is the use of a mock scanner or tunnel to prepare 
children for MRI investigation (Hallowell et al., 2008). For fMRI, preparation of young 
children with a mock scanner has been referred to previously, but details regarding a 
protocolized training session were not provided (Hallowell et al., 2008).

In the present study, we evaluate the use of a mock scanner training protocol for 
preparation of children of three to fourteen years of age for both structural and func-
tional MRI.
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pARTICIpANTS AND METHODS

Participants

Ninety children (median age 6.5 years, range 3.7-14.5 years) were consecutively in-
cluded and prepared according to the mock scanner training protocol. The population 
consisted of 47 children who visited the outpatient clinic of our hospital (MRI group) 
and 43 children who were recruited for a controlled study on brain development, intel-
ligence and cognitive outcome in children born small for gestational age (fMRI group, 
Dutch Trial Register: NTR 865). The children in the MRI group were referred for MRI 
investigation by their treating physician for usual clinical purposes. These children were 
referred from different departments e.g. paediatric neurology, paediatric oncology, pae-
diatric nephrology, paediatric endocrinology and orthopaedics. The lower age limit of 
participating in the training protocol was set around the 4th birthday. Exclusion criteria 
were apparent developmental disorder and severe mental retardation precluding com-
munication and consistent cooperation. Judgement was done by the referring physician 
and if necessary he or she consulted one of the members of the training team. The fMRI 
group consisted of 31 children born small for gestational age and 12 healthy children. 
This study was approved by the ethics committee of the VU University Medical Center. 
Written informed consent was obtained from the parents or guardians of each child. The 
study was performed at the VU University Medical Center. Baseline characteristics of the 
population are listed in Table 4.1.

Table 4.1 Characteristics of population

MRI group fMRI group Total

Number of children 47 43 90

Age median, years (range) 6.9 (3.7-14.5) 5.7 (4.1-7.6) 6.5 (3.7-14.5)

Gender (boys:girls) 27:20 22:21 49:41

Mock scanner unit

The mock scanner is a full-scale replica of a MRI system, without magnets. It is located at 
the paediatric outpatient department (Figure 4.1). The mock scanner is equipped with 
a manually operated patient table, head coil, foam cushions, headphones and earplugs. 
Speakers inside the bore reproduce the sounds of various scan sequences that can be 
heard during actual MRI investigations.

Mock scanner training protocol

A paediatrician or experienced child life specialist conducted the training session. The 
training was held at least several days to a maximum of three weeks before the actual 
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MRI investigation, enabling scheduling of an extra training session if necessary. The 
children entered the mock scanner unit with at least one of their parents. The training 
session consisted of two parts. During the first part of the training session the children 
were sitting next to the mock scanner. The children were verbally instructed on why they 
had to undergo the MRI investigation and on the importance of minimizing motion. 
They were told that they had to practice in the mock scanner to become familiar with 
the MRI environment. The various parts of the MRI unit were demonstrated, and each 
step of the MRI investigation was explained. Also, the various MRI sounds were played 
at increasing volumes for the children to become accustomed to. To familiarize the child 
with these sounds, the instructor associated the sounds of the various scan sequences 
with familiar sounds e.g. of a train or a ship. For this part of the training, the youngest 
children until the age of around seven were asked to bring a teddy bear that was actu-
ally placed in the scanner during instruction. During the second part of the training 
session, the children were encouraged to lie down in the mock scanner, equipped with 
headphones and immobilized with foam cushions. Parents maintained physical contact 
and were asked to verbally encourage their child as much as possible during the training 
session. We monitored motion by visual inspection of gross movements.

Figure 4.1 Mock scanner unit at the pediatric outpatient department.
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A training session was considered a pass when a child was able to lie still for five 
minutes in the mock scanner while the recorded sounds were heard at maximal volume.

The children were given the opportunity to get an extra training session when they 
were able to lie still in the mock scanner but without the recorded sounds at maximal 
volume, or when they had difficulties lying motionless in the scanner for five minutes. 
This extra training session was planned on a separate day. A training session was 
recorded as failed in case of non-completion of the training session (e.g. not able to 
enter the mock scanner due to excessive anxiety, inability to cooperate and excessive 
movement) and if the team judged that an extra training session would not be effective. 
A training session lasted 30 to 60 minutes, depending on the time a child needed to get 
familiarized and its performance in the mock scanner.

Children were referred for the actual MRI investigation only after successful comple-
tion of the training session. Children of the MRI group who failed were referred for 
clinical MRI investigation with sedation. For children of the fMRI group who failed the 
training, the fMRI investigation was cancelled. Overall pass rate of the mock scanner 
training protocol was defined as the proportion of children that passed the training 
protocol irrespective of the number of training sessions.

MRI investigation and scanning protocol

Structural Images were acquired on a Siemens 1.5 T MRI scanner (Siemens, Erlangen, 
Germany) or GE Signa 3.0 T MRI scanner (General Electric Medical Systems, Milwaukee, 
Wisconsin, USA). All functional images were acquired on a Siemens 1.5 T scanner. The 
MRI group underwent MRI investigation consisting of structural scan sequences only. 
Total MRI investigation of the MRI group varied between 20 minutes and 45 minutes. 
Participants of the fMRI group had two fMRI runs and one structural reference scan. The 
latter study aimed to investigate declarative memory using a visual encoding task, and 
each fMRI run lasted 3 min. 30 seconds. Details regarding this study will be reported 
separately. Total duration of the fMRI investigation did not exceed 20 minutes.

Similar to the mock scanner training session, one of the parents and the paediatrician 
or child life specialist was sitting next to the child during the actual MRI investigation, 
maintaining physical contact and encouraging the child. Foam padding was used to 
further limit subject motion.

Quality rating of scans

The quality of structural MRI scans was rated according to a five point rating scale by 
an experienced radiologist (MPW) as 1: no motion artefacts, excellent quality, 2: little 
motion artefacts, good quality, 3: moderate motion artefacts, acceptable quality, 4: 
excessive motion artefacts, poor quality, 5: incomplete scan (Figure 4.2). Scans of score 
1-3 were considered to be of sufficient quality for diagnostic purposes. Success rate of 



Preparing children with a mock scanner training protocol results in high quality structural and functional mri scans 45

structural scan sessions was defined as the proportion of children with structural MRI 
scans with score 1-3. As sedation is used frequently in children under seven years of 
age, we also assessed the success rate of structural scan sessions in this younger group 
separately.

The quality of fMRI scans was based on head motion parameters, and was analyzed 
using Statistical Parametric Mapping (SPM5) software, developed by the Wellcome 
Department of Cognitive Neurology, London, UK (http://www.fil.ion.ucl.ac.uk). During 
spatial pre-processing of the data, head motion parameters were estimated. From these 
motion estimates the maximum displacement in any plane across the entire run was 
calculated for each subject. Functional scans were rated on a three point scale as 1: 
maximum displacement during fMRI run ≤ 3 mm (1 voxel in our fMRI study design), 2: 
maximum displacement during fMRI runs > 3 mm, 3: incomplete scan. Scans with score 
1 were considered to have sufficient quality for further fMRI analysis. Success rate of the 
fMRI scans sessions was defined as the proportion of children with fMRI scans with score 
1 for both fMRI runs.

RESULTS

Total group (3-14 years of age)

The overall pass rate of the mock scanner training protocol was 85/90 (94%) (Table 4.2). 
Seventy-two children (85%) passed the protocolized training after one session. Nine out 
of 47 (19%) children from the MRI group and 4 out of 43 (9%) of the fMRI group needed 
an extra training session but could eventually be referred for actual MRI investigation. 
We found a positive relation between age and pass rate of the mock scanner training 
protocol. Older children had a higher pass rate (Chi squared test for trend p = 0.026).

Figure 4.2 Transverse sections of T2-weighted MR images through the supratentorial brain 
demonstrating different degrees of movement artefacts according to our rating scale.
1: no motion artefacts, excellent quality, 2: little motion artefacts (arrows), good quality, 3: moderate 
motion artefacts, acceptable quality, 4: excessive motion artefacts, poor quality.
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The overall quality of the structural MRI scans in the 45 children in the MRI group as 
well as in the 40 children in the fMRI-group was high for all ages (Figure 4.3). In the total 
sample, 81 out of 85 (95%) had scans of acceptable to excellent quality (score 1-3, Table 
4.2). Two girls of nine and 14 years of age completed the MRI investigation but their 
scans showed excessive motion artefacts. One of the girls has a general developmental 
disorder with a severe form of epilepsy and the other girl has Gilles De La Tourette 
Syndrome. In two other children, both four years of age, the MRI investigation had to be 
aborted because of anxiety of the children. Once children had passed the mock scanner 
training protocol, there were no age related differences with respect to quality of the 
structural MRI scans.

Thirty out of 40 (75%) children who successfully completed the training protocol had 
fMRI scans with ≤3 mm head motion (Table 4.2). The association between age and pro-
portion of children with fMRI scans of sufficient quality was not statistically significant 
(Figure 4.4).

Table 4.2 Pass rate of mock scanner training sessions and success rate of MRI investigations: total group 
(n=90)

Diagnostic MRI group 
(n=47)

Functional MRI group 
(n=43)

Total 
(n=90)

Pass rate of mock scanner training sessions 45/47 40/43 85/90

Quality of structural MRI scans

excellent quality score 1 10 15 35

good quality score 2 16 16 32

acceptable quality score 3 15 9 24

poor quality score 4 2 0 2

incomplete MRI investigation score 5 2 0 2

Success rate of functional MRI scans

movement ≤ 3mm score 1 30 30

movement > 3 mm score 2 10 10

incomplete MRI investigation score 3 0 0
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Children under 7 years of age

Sixty children in our population were younger than seven years. Fifty-five of them 
(92%) passed the mock scanner training protocol. Fifty-three of these 55 (96%) children 
completed the actual MRI investigation and had also structural MRI scans with score 1-3 
which were thus considered useful for diagnostic purposes. As mentioned before, in two 

Figure 4.3 Quality of structural MRI scans grouped by age in 90 children

Figure 4.4 Quality of functional MRI scans grouped by age in 43 children
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other children, both four years of age, the MRI investigation had to be aborted because 
of anxiety of the children.

When using our training protocol, 33 of 36 (92%) children under seven years of age 
were able to participate in our fMRI study. Of these 33 children, 23 (70%) had fMRI scans 
with ≤3 mm head motion and were thus useful for further analysis, so that 23/36 (64%) 
children from the overall group with which we started had fMRI scans of sufficient qual-
ity.

DISCUSSION

In the present study, we demonstrate that a training protocol with a mock MRI scanner 
results in a high proportion of good quality structural MRI scans and also in a high pro-
portion of good quality fMRI scans in children as young as three years. Until 6-7 years of 
age, sedation is common practice for MRI investigations in a diagnostic setting (Lawson 
2000; Rosenberg et al., 1997). Recently, several consensus statements and guidelines 
have been issued to achieve maximal efficiency and safety of sedation procedures 
(Cote and Wilson 2006; Scotttish Intercollegial Guidelines network 2002). A potential 
drawback of sedation is the occurrence of serious side effects, although the overall risk 
is low in settings with organized sedation services (Bluemke and Breiter 2000; Cravero et 
al., 2006; Malviya et al., 1997). In studies where MRI is used as a research tool, most ethics 
committees will not allow sedation in typically developing children. Research studies 
often opt for scanning during natural sleep. However, it can be very time consuming to 
wait for a child to fall asleep (Johnson et al., 2002).

This study is strictly observational. This protocol was developed for functional imag-
ing studies and was subsequently introduced in the outpatient clinic of our hospital. 
Our data show that this approach is promising. It would be very interesting to perform 
further controlled studies investigating specific aspects of mock scanner training ses-
sions (e.g. the influence of noise, the exterior of the scanner.

The rate of good quality structural MRI scans of children in the age range of 4 to 7 
years was 96% and identical to results from the group of Hallowel et al. using a similar 
mock scanner training protocol, which was, however, for structural MRI investigations 
only (Hallowell et al., 2008). The use of distraction devices, video viewing systems or 
relaxation audiotapes have reported success rates up to 70% (Harned and Strain 2001; 
Koch 2008; Smart 1997). Scanning during sleep resulted in a high success percentage of 
93% in young children 2.5-4.5 year old (Nordahl et al., 2008). In older children from 5 to 
17 years old success rates of 59% are reported (Johnson et al., 2002). Preparation using 
play therapy and a model of an MRI scanner also resulted in reduced need for sedation, 
but detailed information regarding success rates is lacking (Pressdee et al., 1997).



Preparing children with a mock scanner training protocol results in high quality structural and functional mri scans 49

The training protocol enabled us to perform fMRI studies in young children. Even in 
children younger than seven years we obtained a success rate of 70%. Due to differ-
ences with regard to study populations, it is difficult to compare our success rate with 
other studies. The success rates using the present mock scanner protocol exceed the 
results of a study in which a preparation protocol including a videotape and a guided 
tour through the scanning laboratory was used. This protocol resulted in a success rate 
for completion of at least one single fMRI run of 47% in 36 healthy children between 4-6 
years old, increasing to almost 100% in children entering their second decade (Byars 
et al., 2002). A recent study using a mock scanner or tunnel to train children yielded a 
success rate for completion of at least one single fMRI run of 82% (41/48) in a mixed 
group of 4-6 years old children, consisting of both healthy children and children with 
epilepsy (Byars et al., 2002). Whereas this rate is even higher than in our study, it should 
be noted that in this study success rate was defined as the completion of one single 
fMRI run, in contrast to our study in which success rate was defined as the completion 
of the entire fMRI session. Taken together, we may conclude that in very young children, 
various preparation procedures for fMRI yield different success rates but a mock scanner 
is likely to be the optimal procedure. For children over six years, differences between 
preparation procedures appear to be less relevant, because all protocols result in high 
success percentages.

We are aware that some children, even at older ages, can only have a successful MRI 
investigation following sedation or even general anaesthesia. In our experience, for 
normally developing children, the lower age limit of participating in the training pro-
tocol is around the 4th birthday. In addition, it is obvious that besides a mock scanner, 
qualified and motivated personnel and good coaching during the training session and 
MRI investigation are indispensable for a good outcome.

In the present study, we used fairly stringent criteria to classify fMRI scans as useful for 
further analysis, so that our results are likely to be conservative in this respect. We chose 
a level of maximum displacement during fMRI runs of 3 mm as our cut-off between 
“useful” and “not-useful” fMRI scans. For young children, there are no well defined or 
accepted quality criteria for the amount of motion artefacts which is still acceptable 
(Lichtensteiger et al., 2008; Epstein et al., 2007). The cut-off of 3 mm was chosen because 
this represents one voxel in our scanning protocol (Epstein et al., 2007). However, in 
fMRI studies in children, it is not uncommon to include scans with greater motion than 
3 mm in the initial fMRI analysis based on visual inspection of the resulting statistical 
parametric maps (Supekar et al., 2009; Lichtensteiger et al., 2008; Klaver et al., 2008).

The actual pass rates of the mock scanner training protocol described in this study may 
have been somewhat inflated because for the diagnostic group, the referring physician 
excluded patients with severe mental retardation or apparent developmental disorder.
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In summary, the scarce data from the literature and from our own experience indicate 
that a training protocol with a mock MRI scanner can be applied in young children, in the 
age range of four to seven years old, undergoing a diagnostic MRI scan, thereby reduc-
ing the need for sedation. In addition, for research studies this study protocol provides a 
potential alternative to scanning young children during natural sleep.

ACkNOwLEDGMENTS

We thank S. Deen and L. Rem-Tuyn for their assistance in coaching of the children. We 
thank JPA. Kuijer and W. Bloem for their technical assistance. V.M. Knaake is greatly 
acknowledged for help with data acquisition. This work was financially supported by an 
educational grant from Pfizer bv, The Netherlands. The authors declare that they have 
no conflict of interest.


