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A B S T R A C T   

Objective: To describe the findings of focal high signal on T2 weighted (T2W) images of the bone marrow in the 
axial skeleton as assessed by whole-body MRI in healthy and asymptomatic children and adolescents. 
Material and methods: We assessed the bone marrow of the mandible, shoulder girdle, thorax, spine, and pelvis on 
water-only Dixon T2W sequences as part of a whole-body MRI protocol in 196 healthy and asymptomatic 
children aged 5–19 years. Intensity (0–2 scale) and extension (1–4 scale) of focal high signal areas in the bone 
marrow were scored and divided into minor or major findings, based on intensity and extension to identify the 
potentially conspicuous lesions in a clinical setting. 
Results: We registered 415 areas of increased signal in the axial skeleton whereof 75 (38.3%) were major findings. 
Fifty-eight (29.6%) individuals had at least one major finding, mainly located in the pelvis (54, 72%). We found 
no differences according to gender. The number of minor findings increased with age (p = 0.020), but there were 
no significant differences in the number of major findings. The most conspicuous findings were in the pelvis, 
spine and sternum. 
Conclusion: Non-specific bone marrow T2W hyperintensities in the axial skeleton are frequently detected on 
whole-body MRI in healthy, asymptomatic children. Awareness of this is important as some findings may 
resemble clinically silent lesions in children with suspected multifocal skeletal disease.   

1. Introduction 

Whole-body MRI allows for full assessment of the whole skeleton in a 
single examination and has emerged as an important tool in the man
agement of multifocal bone disease in children [1]. To date, no unifying 
protocol for whole body MRI exists, but a fat suppressed T2 weighted 
(T2W) sequence is most often included. A fat suppressed T2W sequence 
is sometimes even used as the only sequence for detection of bone 
marrow pathology [1,2,3]. 

On T2W fat suppressed images bone marrow pathology typically 

presents as hyperintense signal, however, this signal is non-specific and 
simply reflects areas of higher water density compared to surrounding 
tissue [4]. It can be found in a variety of disorders ranging from infection 
and inflammation to trauma and tumor and has also been reported in the 
hands and feet in healthy children [5–7]. In the axial skeleton, findings 
of T2W hyperintensities may have both diagnostic and therapeutic im
plications, even when clinical symptoms are lacking. This is especially 
true for inflammatory disorders, e.g., in chronic non-bacterial osteo
myelitis (CNO) or juvenile spondylarthritis (JSpA) [8–10]. Currently, 
there is a paucity of evidence on normal findings in the bone marrow on 

Abbreviations: T2W, T2-weighted; T1W, T1-weighted; DWI, Diffusion weighted imaging; CNO, Chronic non-bacterial osteomyelitis; JSpA, Juvenile 
Spondyloarthritis. 
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whole-body MRI [1]. We therefore set out to describe the appearance of 
bone marrow on fat suppressed T2W sequences, as assessed on whole- 
body MRI in healthy asymptomatic children and adolescents. The aim 
of our study is to increase the awareness of incidental bone marrow T2W 
hyperintensities that may mimic disease. 

Our hypothesis is that focal T2W hyperintensities in the bone 
marrow on whole-body MRI may also be seen in healthy children and 
adolescents. Here we describe bone marrow signals in the mandible, 
shoulder girdle, thorax, spine, and pelvis. The results from the appen
dicular skeleton will be presented in a separate paper. 

2. Methods 

2.1. Study design and subjects 

In a prospective multi-center cross-sectional study, healthy in
dividuals aged 5–19 years residing respectively in southern and north
ern Norway were invited to undergo a whole-body MRI for research 
purposes only. The study was performed at the Department of Radi
ology, Oslo University Hospital and University Hospital Northern- 
Norway. The inclusion period was November 2018 to February 2020. 
The study was approved by the Regional Ethics Committee (REK; no 
2016/1696) and written informed consent was obtained from all the 
participating individuals and/or their caregivers. 

Exclusion criteria were contraindications for MRI, history of cancer, 
current infection, chronic or systemic diseases, musculoskeletal disor
ders, or a recent symptomatic trauma (within the last 4 weeks). We also 
excluded individuals with musculoskeletal complaints impairing 
everyday activity and/or necessitating a consultation by a physician 
within the last 6 months. Self-reported sport-activities and hours of 
physical exercise per week were registered, as well as height and weight. 

All participants were contacted within 18 months after the initial 
MRI-scan to confirm that no musculoskeletal symptoms had occurred. 
The children with the most conspicuous nonspecific bone marrow 
hyperintensities were invited to undergo a follow-up MRI. Standard 
ethical practice for research in healthy individuals was followed and 
incidental findings were managed according to proposed guidelines 
[11,12]. 

2.2. Imaging protocol 

MRI examinations were performed on 1,5 Tesla MRI-scanners from 
two different vendors (Philips medical systems, Best the Netherlands, 
Intera model release 2.3. or Magnetom Siemens Aera, software e11c). 
The T2 Dixon images were obtained as part of a whole-body MRI-pro
tocol consisting of coronal scans from skull-base to toes in 3–5 steps with 
the following sequences: Dixon T2W, T1W, and diffusion-weighted 
(DWI) sequences (b50 and b1000). Total scan time was approximately 
30–45 min. The children watched a movie or listened to music during 
the examination. All examinations were performed during free breath
ing with no use of sedation. The imaging protocol is available online 
(Supplement 1). 

2.3. Image analysis 

Prior to this study, we devised and validated a child-specific scoring 
system for bone marrow on whole-body MRI. Signal-intensity and 
-extension proved to be the most reliable features with kappa values of 
moderate to good for both inter- and intra-observer variability and were 
used in the analysis of the images[13]. We scored focal high signal in
tensity areas in the bone marrow seen on the water-only Dixon T2W 
sequences in five anatomical regions: mandible, shoulder girdle, thorax, 
spine, and pelvis. Fat-only Dixon T2W, T1W and DWI sequences were 
only used to tailor further management of findings when necessary. One 
radiologist (EvB) reviewed all images and in case of uncertainty, images 
were scored in consensus with a second radiologist (LSOM), both readers 

with 15 years of experience in pediatric radiology. 
Signal intensity was graded at a 0–2 scale, where 0 = absent, 1 =

mildly increased, and 2 = moderate increased up to fluid-like signal as 
compared to the fatty marrow. Extension was graded at a 1–4 scale, 
where 1 = very subtle lesion (<5%), 2 = involvement of 1/3 of bone 
segment, 3 = involvement of 2/3 of bone segment, 4 = involvement of 
whole bone segment. Focal high signal intensity areas were divided into 
“major”- or “minor” findings based on intensity and extension, where 
“major findings’’ reflect signal changes more likely to be confused with 
pathology in a clinical setting (Table 1). Periosteal reaction/high signal 
in adjacent soft tissue was registered if present. 

2.4. Statistical analysis 

Numbers with percentages and means with standard deviations or 
medians with inter quartile range (IQR) were reported by means of 
descriptive statistics, when appropriate. Differences in the number of 
findings between genders were examined using Mann-Whitney-U test 
and differences according to age groups (5–9 years, 10–12 years, 13–15 
years, 16–19 years), sport activity (none, 1–2 h, 3–6 h or 7–15 h per 
week) and localization were examined using Kruskal-Wallis test. Pear
son Chi-Square test was used to explore differences in the location of 
major and minor findings. All statistical analyses were performed using 
Predictive Analytics Software (SPSS) version 27 (IBM, Armonk, NY), and 
a p-value < 0.05 was considered statistically significant. 

3. Results 

Whole-body MRI was obtained in 196 individuals (101 females, 
51,5%), mean age 12 years (SD 3,6) (Table 2) with 47–52 individuals 
per age group (Table 3). 

Overall, we identified 415 focal high signal intensity areas, whereof 
75 (18.1%) were classified as major findings (Fig. 1). 

Ninety-five of 415 findings (22.9%) were symmetrically distributed, 
whereof 18 (18.9%) were major findings. The distribution of major and 
minor findings according to age group is listed in Table 3. 

There were no differences in the total number of high signal areas 
according to gender (p = 0.41), hence the results were pooled. We did 
not find any differences in the overall number of major findings between 
age groups, but there was a statistically significant association between 
major findings and age in the ischiopubic region where children aged 5- 
9 years predominated (p = 0.010) (Fig. 1). In the sternum, only ado
lescents aged 16–19 years were involved. For minor findings, there was 
a significantly higher number in the age-group 16–19 years (median =
2.0, IQR = 2.0) compared to the age-group 5–9 years (median = 1.0, 
IQR = 3.0), p = 0.02. 

There was a statistically significant difference in minor findings for 
the four self-reported training groups (p = 0.006). Post-hoc pairwise 
comparisons (with Bonferroni correction for multiple tests) indicated 
that the median score for those training 7–15 h per week was signifi
cantly higher than for the no-training group (p = 0.025), for those 
training 1–2 h per week (p = 0.001) and for those training 3–6 h per 
week (p = 0.04). For major findings, differences between the groups 
were small. No linear association was found but pairwise comparisons 
(with Bonferroni correction for multiple tests) indicated significantly 

Table 1 
Subclassification of MRI-findings into minor or major on water-only Dixon T2W 
images, based on signal intensity on a 0–2 scale and signal extension on a 0–4 
scale.   

Signal intensity on a 0–2 scale / extension on a 0–4 scale 

Major MRI findings Signal intensity 1 and extension 3–4 or 
Signal intensity 2 and extension 2–4 

Minor MRI findings Signal intensity 1 and extension < 3, or 
Signal intensity 2 and extension < 2  
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higher median score for those training 7–15 h as compared to those 
training 1–2 h (p = 0.003) and 3–6 h (p = 0.027), but not as compared to 
the no-training group (p = 0.148). 

Fifty-eight individuals (29.6%) had at least one major finding in the 
axial skeleton (median 1.0, IQR = 0). 137 individuals (69.9%) had at 
least one minor finding (median 1.0, IQR = 3). Forty-seven examina
tions (24.0%) revealed no focal bone marrow hyperintensities whereof 
20 (42.6%) had one or more anatomical areas missing or hampered by 
artifacts and were thus not available for scoring. In total, 47 examina
tions (24.0%) had some images disturbed by artifacts or were incom
plete (5 examinations). The artifacts mainly involved mandible, 
shoulder-girdle, and thorax (legend Fig. 1). Movement artifacts were 
noted in 35 of the 47 examinations (74.5%), in 4 (8.5%) the mandibles 
were not available for scoring due to metallic artifacts from braces, and 

in three (6.4%), one or more areas were not accessible due to low signal. 
No swap- or distortion artifacts were registered. 

The majority of focal bone marrow hyperintensities were located in 
the pelvis, with a total of 276 findings, whereof 52 were classified as 
major findings. In 17 (32.7%), the major findings were symmetrical 
according to side. Sixty-six of the 224 minor findings (29.5%) were 
symmetrical. Twenty-two major findings (42.3%) were located in the 
ischiopubic region (Fig. 2 a-c), adjacent to the ischiopubic synchond
rosis in 15 individuals, all in the prepubertal age group between 6 and 
11 years (5 females, mean 8.5 years (Fig. 2a) and bilaterally in two in
dividuals. In 8 individuals the major findings were located at the 
sacroiliac joint, either on the sacral (3) or the iliac (8) side (Fig. 3a, b). 
Three were symmetrical, all on the iliac side. Four individuals aged 
13–17 years (mean 15.6 years), had major findings adjacent to an un
fused lateral sacral apophysis (Fig. 3c). Sixty-eight examinations 
(35.4%) revealed no focal hyperintensities in the pelvis. 

In the spine, we registered major findings in 10 individuals, mainly 
located in the thoracic part (Fig. 4a-f). Two individuals had a major 
finding in the lumbar spine, located in pars interarticularis of the 
vertebral body in both cases (Fig. 4g). 

We registered high signal intensity areas in the sternum in 19/168 
individuals (11.3%). In nine (6 females), these were located at the 
manubriosternal joint (Fig. 5a-d) and defined as major findings in three. 
All nine were adolescents between 15 and 18 years. 

No high signal intensity areas were seen in the the ribs. 
Periosteal reaction was only registered in three individuals and were 

in each case associated with major findings at the ischiopubic 
synchondrosis. 

In four cases the major findings had a specific appearance: one 
simple bone cyst in the left scapula and three hemangiomas in the 
thoracic spine. The specific diagnosis was suggested on the initial whole- 
body MRI scan and confirmed on follow-up imaging. 

4. Discussion 

We have shown that focal areas of high signal on T2W images that 
may be interpreted as pathology is a common finding in the axial skel
eton of healthy asymptomatic children and adolescents. From a clinical 
point of view, the most interesting findings were in the pelvis, spine, and 
sternum. Comparison with data from Statistics Norway with respect to 
BMI-curves and reported hours of training per week, indicate that our 
cohort is representative of the general Norwegian pediatric population 

Table 2 
Demographic details on the healthy pediatric cohort compared to the general 
population.  

Variables Study subjects, n 
= 196 

Data from Statistics 
Norway * 

Oslo University Hospital / University 
Hospital North Norway, n (%) 

78 (39.8%) / 118 
(60.2%) 

– 

Female, n (%) 101 (51.5%) 374,152 (48.8%) ** 
Age, years (range) 12.0 (6.0 – 18.9) (6.0–15.0) 
Median BMI, kg/m2 (range) 18 (13–30) 18 (-) 
Sports-activity at least once a week, n 

(%) 
167 (85%) (84% – 89%) 

*Statistics Norway, Helseforhold, levekårsundersøkelsen. Statistisk Sentralbyrå, 
statistikkbanken. 
https://www.ssb.no/statbank/table/06658. Accessed 24. May 2021. 
**https://www.ssb.no/a/barnogunge/2020/tabeller/befolkning/bef0000. 
html. Age 6–17. Accessed 01. May 2022. 

Table 3 
High signal areas on water-only Dixon T2W images in the axial skeleton in 196 
healthy children and adolescents by age group.   

5–9 
years 
(n = 47) 

10–12 
years 
(n = 52) 

13–15 
years 
(n = 47) 

16–19 
years 
(n = 50) 

Total 
(n =
196) 

Major 
findings 

17 17 18 23 75 

Minor 
findings 

58 85 89 108 340  

Fig. 1. Number and distribution of the 75 major 
findings (based on T2-w Dixon water only images) by 
anatomical location in 196 healthy individuals aged 
5–19 years. Number of anatomical locations excluded 
from the analysis due to imaging artifacts or missing 
data: Mandible 35(17.9%), Clavicle 29(14.8%), 
Scapula 27(13.8%), Sternum 28(14.3%), Ribs 26 
(13.3%), C-spine 23(11.7%), Th-spine 10(5.1%), L- 
spine 10(5.1%), Sacrum 4(2.0%), Ilium 4(2.0%), 
Ischiopubic region 3(1.5%), Periacetabular region 3 
(1.5%).   
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Fig. 2. a-c T2-W Dixon water-only coronal image of the pelvis shows a major finding (a) adjacent to the left ischiopubic synchondrosis in a 6-year-old boy, (b) at the 
symphysis bilaterally in an 8-year-old girl and (c) in the left ischial tuberosity in a 14-year-old boy. 

Fig. 3. a-d T2-W Dixon water-only coronal image of the pelvis shows a major finding (a) in the right sacrum adjacent to the SI-joint in a 11-year-old boy,(b) in the 
ilium adjacent to the SI-joint bilaterally in a 10-year-old boy, (c) in the lateral segmental apophysis of the left sacrum, possibly related to closure of the physis, in a 15- 
year-old boy and (d) resembling a fatigue fracture in the left sacrum of a 12-year-old girl. 
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Fig. 4. a-g T2-W Dixon water-only coronal image 
of the thoracic spine (a-e) with sagittal recon
struction in f and coronal image of the lumbar 
spine in g. The images in a-c show major findings 
involving the entire upper part of one or two 
thoracic vertebrae in (a) a 7-year-old boy, (b) a 
17-year-old boy and in (c) a 15-year-old boy. In 
d the major finding involves the left part of a 
thoracic vertebra in a 13-year-old boy and in e-f it 
surrounds an irregularity in the upper endplate of 
a thoracic vertebra in a 12-year-old girl. In g the 
major finding is located in the lumbar spine, 
resembling a spondylolysis in the left 5th vertebra 
of a 9-year-old girl.   
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[14]. 
The pelvis was the most common location for focal bone marrow 

hyperintensities. Bone marrow heterogeneity due to residual red 
marrow is a normal finding in the pelvis at all ages and is typically 
symmetrical [15–19]. Symmetry was not frequently registered in our 
study, but findings with a symmetrical appearance were mainly located 
in the pelvis. Thus, hematopoietic bone marrow could, at least in part, 
explain the high number of findings in this location. 

Most major findings were related to a closing ischiopubic syn
chondrosis in prepubertal children (Fig. 2a), occasionally accompanied 
with mild periosteal reaction. This is a well-known MRI finding in 
healthy children at this age but may be misinterpreted as a neoplastic, 
traumatic, inflammatory or infectious process, especially when adjacent 
soft tissue is involved [20,21]. 

Major findings adjacent to the sacroiliac joint, mainly located on the 
iliac side and asymmetrical distributed in most cases, were equivalent 
with one of the ASAS (Assessment of Spondyloarthritis international 
Society) criteria for active sacroiliitis on MRI in adults [22]. To date, no 
such definition exists for children [23,24]. In a recent study, Herregods 
et al assessed the MRI appearance of the sacroiliac joints in a cohort of 
251 individuals aged 6–18 years with or without low back pain [15]. 
The authors concluded that asymmetrical subchondral T2W signal, 
especially when more intense on the iliac side, “is unlikely to be normal 

and should be considered suspicious for pathologic bone marrow 
edema”. Chauvin et al [25] described age-related MRI features of the 
sacroiliac joints in 70 healthy individuals aged 8–17 years but none of 
the individuals had findings suggestive of sacroiliitis. However, both 
Jaremko et al [23] and Weiss et al [8] detected areas of periarticular 
bone marrow edema in seven of 35 and one of 14 healthy control- 
subjects, respectively, in their studies on MRI of the sacroiliac joints in 
individuals with JSpA. 

Occasionally we registered high signal intensity areas on both sides 
of an unfused segmental sacral apophysis. We believe that this signal 
may be physiological and related to closure of the physis, in the same 
way as proposed for the so-called “focal periphyseal edema” (FOPE) - 
zones in adolescent knees [26]. Fusion of the lateral sacral segments 
usually completes in the late adolescence [15,27–29]. This fits with the 
age of the four involved adolescents in our study. Herregods and 
Chauvin [15,25] both describe a rim of high T2W signal along the un
fused segmental sacral physes as a common finding in healthy children, 
but they do not mention any focal periphyseal T2W hyperintensities. 

One major finding in the sacrum of a 12-year-old girl had the 
appearance of a fatigue fracture (Fig.d). Fatigue fractures of the sacrum 
sometimes occur in young athletes due to repetitive stress loads [30] but 
are reported to be rare in children [31–33]. The condition is typically 
accompanied with low back-pain [31–33] and Hama et al [31] suggest a 

Fig. 5. a-d T2-W Dixon water-only coronal images of the thorax shows major (a and c) and minor (b and d) findings at the manubriosternal joint in (a) a 17-year-old 
girl, (b) a 15-year-old girl, (c) an 18-year-old girl and (d) an 18-year-old boy. 
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possible association with spina bifida occulta. The girl in our study re
ported no regular weekly training activity and she had no clinical 
symptoms. A spina bifida occulta was not detected. On follow-up ex
amination 10 weeks later, the signal had completely disappeared. A 
study by Broome et al [28] highlights the potential risk of confusing an 
asymmetric unfused physeal plate with a fracture line. Hence, micro- 
traumatic changes at a closing sacral physis could be an alternative 
explanation for the major finding in this child. 

Few focal T2W hyperintensities were seen in the spine. Similarly, 
spinal involvement is rare in most pediatric disease processes [34–37] 
but when present, e.g., in a patient with CNO or JSpA, it may have 
implications for management [10,38,39]. In three individuals, we found 
high signal involving the entire upper part of one or two adjacent 
vertebral bodies in the thoracic spine. One seven-year-old boy retro
spectively, on direct questioning, remembered a fall on his back when 
skiing one week prior to the MRI examination. However, he insisted he 
never had any symptoms. On follow-up examinations 4–6 months later, 
the high signal had totally disappeared in all three children. This in
dicates that even minor and asymptomatic traumas may cause transient 
increased signal within the bone marrow in children, which is in 
accordance with previous observations [6]. 

Two individuals had high signal in pars interarticularis of the 5th 
lumbar vertebra with the appearance of spondylolysis, which is reported 
to be a fairly common finding in asymptomatic young individuals 
[40,41]. The condition is more likely to be found in athletes, especially 
in sports that involve extension and rotational forces to the lumbar spine 
[40,42] which is in accordance with our two study subjects, who were 
active in volleyball and gymnastic, respectively. 

Nearly half of all high signal intensity areas in the sternum were 
located at the manubriosternal joint, equivalent to a previous study in 
adults by Jurik et al [43]. In a cohort of 75 healthy individuals and 122 
spondylarthritis patients, bone marrow signal mimicking inflammatory 
changes at the manubriosternal joint was a frequent finding in the 
healthy cohort. Manubriosternal joint inflammation is reported to be 
common in adults with rheumatoid diseases [43–48], whereas data on 
children are lacking. However, in our own experience this site may oc
casionally be involved in children with CNO. We believe that both the 
minor and major findings in this location reflect the normal ossification 
process [44], or alternatively, early signs of manubriosternal fusion. The 
latter is mainly described in adults, with an increasing incidence with 
older age [49–51], but has also been observed in adolescents [49,51]. 
We only found high signal at this location in the oldest age-group. 

We found a higher overall number of minor findings in the oldest age 
group, which possibly can be explained by a better delineation of focal 
hyperintense signal with increased amounts of fat in the surrounding 
marrow with age. We also registered significantly more minor findings 
in individuals with the highest level of self-reported sports activity. Most 
findings were in the pelvis, which is the area with the highest exposition 
to biomechanical forces. Mechanical stress has previously been pro
posed as a possible cause of high T2W signal in the bone marrow in 
healthy children [6,7]. For major findings, we found no linear associa
tion with reported hours of sports activity, but the relatively low number 
of major findings in this study does not allow any conclusions in this 
regard. Furthermore, objective measurement of physical activity is 
challenging, and self-reported sports activity is a poor marker for the 
true activity level in children [6]. 

Focal T2W bone marrow hyperintensities on whole-body MRI are 
non-specific, but in a clinical setting, they are commonly interpreted as 
pathology. Visualization of fatty marrow replacement on T1W and 
decreased ADC-values on DWI, e.g., in malignant bone marrow lesions, 
may contribute to increased diagnostic specificity [52,53]. However, we 
do not know in what way this additional information should be utilized 
to distinguish between early bone marrow pathology, especially in
flammatory lesions, and normal bone marrow signal. Early inflamma
tory lesions may still contain fatty components, and the use of ADC cut- 
off values is limited by substantial variations in ADC values, particularly 

related to age-dependent changes in bone marrow fat content and to 
movement artifacts [54–56]. Furthermore, there is a controversy in the 
literature regarding the additional value of applying DWI to the whole- 
body MRI [2,54,57–59] and published data on the use of whole-body 
DWI in non-oncological conditions, e.g., in inflammatory bone 
marrow disorders, is still limited [54,60]. Research addressing the 
added value of other sequences, particularly with regard to a better 
differentiation between pathological and normal bone marrow signal, 
will require a different study design also including diseased individuals, 
hence will be the scope for future studies. 

4.1. Limitations and strengths 

There are some limitations to our study. First, subjective assessment 
of intensity and extension is known to be hampered by inter- and intra- 
reader variability [61,62]. Signal intensity can be perceived differently 
depending on background intensity, window- and level settings and 
difficulties in standardizing the signal intensity scale on MRI [63,64]. To 
overcome this problem, we validated our scoring system [13], arranged 
several face-to-face calibration meetings, discussing findings and scales. 

Second, our definitions of minor and major findings do not neces
sarily reflect the clinical significance of all high signal intensity areas. 
Characteristics like shape and contour may also influence the interpre
tation. Lesions with similar appearance and equal size may be weighted 
differently depending on its location and interpretation of pathology 
versus normal variance will also inevitably depend on the reader’s 
experience [65,66]. Importantly clinical findings and underlying diag
nosis defines the pre-test likelihood for disease hence influence the 
positive predictive value of all findings [67]. 

STIR has until now been the most frequently used water-sensitive 
sequence in whole-body MRI-protocols [1] but has shown similar per
formance for T2W Dixon compared to STIR in the assessment of the bone 
marrow [68]. Any differences between sequences are more likely 
dependent on general technical parameters, hardware, software, and 
differences in patient handling. 

Furthermore, the large field of view on whole-body MRI may be less 
sensitive to signal change and the bone marrow may appear differently 
when applying dedicated extremity coils, e.g., of the sacroiliac-joints, 
imaged directly in the oblique coronal plane [69]. However, in this 
study, we aimed to describe findings on the resultant images of a whole- 
body MRI. 

Finally, we acknowledge that the number of findings may be 
underestimated 

in areas hampered by artifacts, with fine structures, or in the pe
riphery where dedicated protocols are better suited for the evaluation of 
bone marrow signal. 

The main strength of our study is the large and representative study 
population of healthy and asymptomatic children and adolescents 
recruited for research purposes only from two geographical regions, and 
the close follow-up of all participants to ensure that there were no 
underreported or underlying disease. Further major strengths are the 
prospective study design that allows for a uniform imaging protocol and 
an equal distribution of gender and age, the validation of our scoring 
system and the thorough calibration preceding imaging analysis. 

5. Conclusion 

Bone marrow hyperintensities in the axial skeleton are frequently 
detected on whole-body MRI in healthy, asymptomatic children and 
adolescents. Awareness of this is important as some findings may 
resemble clinically silent lesions in individuals with suspected multi
focal skeletal disease, particularly when located in the pelvis, spine, or 
sternum. 

Keypoints: 

E. von Brandis et al.                                                                                                                                                                                                                            



European Journal of Radiology 154 (2022) 110425

8

- Whole body MRI of healthy children and adolescents frequently re
veals focal areas of increased fluid-signal in the bone marrow that 
can resemble pathology.  

- Certain patterns of increased bone marrow signal are more 
frequently see than others in healthy individuals. 
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