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ARTICLE INFO ABSTRACT

Keywords: Objective: To describe the appearances of bone marrow in the appendicular skeleton on fat-suppressed T2-
Whole-body magnetic resonance imaging weighted sequences as assessed by whole-body MRI in healthy and asymptomatic children and adolescents.
Bone marrow Material and methods: Following ethical approval, we assessed the bone marrow of the extremities on water-only
f\zgf:;zms Dixon T2-weighted images as part of a whole-body MRI in 196 healthy and asymptomatic children aged 5-19
Healthy individuals years. Based on a newly devised and validated scoring system, we graded intensity (0-2 scale) and extension (1-4
scale) of focal high signal bone marrow areas, and divided them into minor or major findings, based on intensity
and extension, reflecting their potential conspicuousness in a clinical setting.
Results: In the upper extremity, we registered 366 areas with increased signal whereof 79 were major findings. In
the lower extremities there were 675 areas of increased signal of which 340 were major findings. Hundred-and-
fifteen (58.79%) individuals had at least one major finding, mainly located in the hand and proximal humerus,
and the feet and knees. We found no differences according to gender, reported hours of sports activity, hand-
edness, or age group, except for more minor findings in the upper extremities amongst 15-18-year-olds as
compared to those aged 5-8 years.
Conclusion: Focal areas of high signal intensity on whole-body MRI, T2-weighted fat suppressed images that, in a
clinical setting could cause concern, were seen in more than half of healthy, asymptomatic children and ado-
lescents. Awareness of this is important when interpreting whole-body MRI in this age group, particularly in the
assessment of clinically silent lesions.

1. Key points 2. Introduction
- Whole Body Magnetic Resonance Imaging of healthy individuals Whole-body MRI is increasingly being used in the evaluation of bone
reveals many areas of increased bone marrow signal that can marrow pathologies in children and adolescents, such as inflammatory
resemble pathology. diseases, malignancies, and fractures [1]. There is no unifying protocol
- Certain patterns of increased bone marrow signal are more often seen for whole-body MRI, but fat suppressed T2 weighted (T2W) with or
than others in healthy individuals. without T1 weighted (T1W) series are most frequently used [1]. For

detection of bone marrow lesions, fat-suppressed T2W-sequences are
sometimes applied as the only sequence in a whole-body protocol [1-3].
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Focal areas of increased bone marrow signal on T2W fat-suppressed
images are nonspecific and may represent both pathology and normal
growth-related changes. Previous studies have shown that focal T2W
hyperintensities in hands, feet, and knees of healthy children may mimic
pathology [4-7]. The lower extremities are frequently involved in dis-
eases with bone marrow affection [8-10]. Bone marrow lesions might be
asymptomatic, particularly in inflammatory disorders, e.g., chronic non-
bacterial osteomyelitis and juvenile spondyloarthritis [11,12], and the
ability of whole-body MRI to detect these clinically silent lesions has
been emphasized by several authors [11,13,14]. However, the risk of
false positive findings in the growing skeleton is rarely mentioned [1]
and to the best of our knowledge no previous studies addressing the
appearances of the bone marrow based on a whole-body MRI in healthy
children and adolescents has been published. The aim of this study was
therefore to assess the appearances of bone marrow that may mimic
pathology in the appendicular skeleton in healthy, asymptomatic vol-
unteers aged 5-19 years. The axial skeleton is addressed in a separate
paper.

3. Materials and methods
3.1. Study design and subjects

This is a prospective, cross-sectional, multicenter study including
healthy children and adolescents aged 5-19 years, residing in southern
or northern Norway. The study was performed at the Departments of
Radiology, University Hospital North Norway (UNN) and Oslo Univer-
sity Hospital (OUS). From November 2018 to February 2020, eligible
individuals were invited to undergo a whole-body MR examination. The
study was approved by the Regional Ethics Committee (REK; no 2016/
1696) and written informed consent was obtained from all the partici-
pating individuals and/or their caregivers.

Excluded were individuals having contraindications to MRI, a history
of cancer, current infection, chronic or systemic disease, metabolic or
musculoskeletal disorder, or a symptomatic trauma within the past four
weeks. Also excluded were individuals with musculoskeletal complaints
impairing everyday activity and/or necessitating a consultation by a
physician within the last six months. Self-reported sport-activities and
hours of physical exercise per week were registered, as was height,
weight and handedness.

None of the participating individuals reported on disease or symp-
toms from the musculoskeletal system when contacted within 18 months
after the first examination. Children with the most conspicuous
nonspecific bone marrow hyperintensities were invited to undergo a
dedicated follow-up MRI. Standard ethical practice for research in
healthy individuals was followed and incidental findings were managed
according to proposed guidelines in the literature [15,16].

3.2. Image protocol

All the included individuals had a whole-body 1.5 T MRI, unsedated,
with free breathing (Philips medical systems, Best the Netherlands,
Intera model release 2.3. or Magnetom Siemens Aera, software ellc).
The protocol included a coronal scan from the skull-base to toes in 3-5
steps, with the following sequences: T1W, Dixon T2W and diffusion-
weighted (DWI) sequences (b50 and b1000). The calvarium was
included in 81 examinations. During the examination the child could
either listen to music or watch a movie and total scan time was
approximately 30-45 min. The imaging protocol is available online
(Supplement 1).

3.3. Image analysis
Prior to this study, we developed and validated a child specific

scoring system for bone marrow, with signal intensity on a 0-2 scale and
signal extension on a 0—4 scale being the more reliable features, with
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moderate to good kappa values for both inter- and intra-observer vari-
ability [17]. MR-images of the lower limbs were analyzed in consensus
by two radiologists at UNN (PZ/DA, with 6 and 20 years of experience in
pediatric radiology, respectively), while the upper limbs were analyzed
by two radiologists at OUS (EvB/LSOM, both with 15 years of experience
in pediatric radiology), using high resolution screens. Based on the
water-only Dixon T2W images, the location, signal intensity and
extension of high signal intensity areas (as compared to the fatty
marrow) in the bone marrow was registered for the long bones (diaph-
ysis, metaphysis and epiphysis), trochanter major, patella, and for the
hands and feet (phalanges / metatarsals / tarsals), and scored as follows:
a) signal intensity on a 0-2 scale (0 = absent, 1 = mildly increased, 2 =
moderately increased up to fluid-like signal compared to fatty marrow,
and b) extension on a 1-4 scale (1 = < 5% followed by increments of 1/3
of the volume of the bone segment). All available images and re-
constructions (T1W, fat-only Dixon T2W, DWI, ADC) were used for
further description of findings, when necessary, to secure protocolled
follow-ups. High signal intensity areas were grouped into major or
minor findings (Table 1) where “major findings’> are more likely to
cause concern in a clinical setting. Symmetry of high signal intensity
areas and high signal intensity in the periosteum and/or adjacent soft
tissue, was registered.

In the long tubular bones, high signal intensity areas with a speckled
appearance in the epi-, meta-, or diaphysis (defined as two or more
roundish/punctuated high signals, size 2-5 mm) was scored as a sepa-
rate feature and defined as major findings.

A punctate high signal pattern in carpals or tarsals (multiple signal
foci with a diameter less than 5 mm) were scored, in the carpals as
present or not and in the tarsals graded on a 0-2 scale (0 = absent, 1 =
mild, 2 = extensive). These punctate signals were not included in the
definition of major or minor findings. Additional areas of increased
signal with a diameter more than 5 mm were scored separately and
divided into major and minor findings.

Hyperintensities with specific features, i.e., findings suggestive of
desmoid, fibroxanthoma, bone cyst, osteochondral lesion, enchon-
droma, or hyperintensities related to a patella bipartita, were registered
and scored as a high signal intensity area as described above, but a note
was made to be able to differentiate these findings from the remainder
high signal areas.

Focal high signal areas in the long bones, centered at the physis and
extending into both the adjacent metaphysis and epiphysis, previously
described as focal periphyseal edema (FOPE) [7], were registered as
separate features, and not scored according to intensity grade or
extension.

Diffusely increased signal intensity in the epi-, meta-, and diaphysis,
thin and/or punctate (<2 mm) high signal intensities in the epiphysis of
long bones, high signal intensity along the calcaneal apophysis and,
vessel like, vertical high signal lines in the diaphysis of the long bones
were noted but not included in further analysis. Suboptimal visualized
areas due to artifacts were registered and excluded from the analysis.

3.4. Statistical analysis

Descriptive statistics were reported as numbers with percentages,
means with standard deviations or medians with IQRs, where

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
-Signal intensity 1 and extension < 3, or

-Signal intensity 2 and extension < 2

Minor MRI findings
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appropriate. Differences in the number of high signal intensity findings
between genders and according to handedness were examined using
Mann-Whitney-U test, while differences according to four age groups
(5-9, 10-12, 13-15, 16-19 years), sport activity (none, 1-2 h per week,
3-6 h or 7-15 h) and localisation were examined using Kruskal-Wallis
test. Pearson Chi-Square test was used to explore differences in the
location of major and minor findings in the lower extremities (femur,
patella, tibia, fibula, hindfoot, midfoot, metatarsals, phalanges) across
the four age groups. Information on sport activity for Norwegian ado-
lescents aged 6-18 years was retrieved from the Statistics Norway [18].
All statistical analyses were performed using Predictive Analytics Soft-
ware (SPSS) version 27 (IBM, Armonk, NY), and a p-value < 0.05 was
considered statistically significant.

4. Results

A total of 196 individuals (101 females, 51.5%), mean age 12 years
(SD 3.6), with 47-52 individuals per age group, were included. De-
mographic details on the study cohort as compared to the general
population are listed in Table 2.

A total of 971 high signal areas were identified, of which 419 were
classified as major findings and 552 as minor. The distribution according
to age group is listed in Table 3.

There were no differences in the total number of high signal intensity
areas according to gender (p = 0.787 lower limb, p = 0.057 upper limb),
thus, the results were pooled. No differences in the number of high signal
intensity areas were found according to sports activity, neither for the
lower limb (p = 0.730 for major and p = 0.558 for minor findings) nor
for the upper limb (p = 0.761 and 0.841, respectively). For the lower
extremities, although the total number of major findings peaked at 9-12
years of age and minor findings peaked at 13-15 years, no statistically
differences were found across age groups (p = 0.054 for major and 0.584
for minor findings). For the upper limbs, no differences were found for
major findings (p = 0.988), whilst there was a significant difference for
minor findings (p = 0.042), with more findings amongst the 15-18-year-
old as compared to those aged 5-8 years.

4.1. Lower extremities

In the lower extremities we identified a total of 674 high signal areas.
Three-hundred-and-forty (50.4%) were defined as major findings,
whereof 64 (18.8%) were symmetrically distributed according to side
(Fig. 1). Two-hundred-and-seventeen major findings (63.8%) had signal
intensity 2, whereof 35 (16.1%) had extension >3, e.g. involvement of
21/3 of the bone (15 midfoot bones, 7 metatarsals, 7 phalanges, 2
calcanei, 1 talus, 1 proximal tibial metaphysis and 1 distal fibular
epiphysis (Figs. 2-5). Ninety-seven major findings (28.5%) were

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

Variables Study subjects, n Data from Statistics

=196 Norway*

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

Female, n (%)

78 (39.8%) / 118
(60.2%)

101 (51.5%) — 374,152 (48.8%)

k%
12.0 (6.0-18.9) - (6.0-15.0)
18 (13-30) 18 ()
167 (85%) - (84% — 89%)

Age, years (range)

Median BMI, kg/m2 (range)

Sports-activity at least once a week, n
(%)

*Statistics Norway, Helseforhold, levekarsundersgkelsen. Statistisk Sentralbyra,
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.
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Table 3
High signal areas on water-only Dixon T2W images in the appendicular skeleton
in 196 healthy children and adolescents by age group.

5-9 10-12 13-15 16-19 Total
years years years years n=
= (n =52) (n=47) (n =50) 196)
47)
Major findings 88 (15) 124 (11) 119 (29) 88 (24) 419 (79)
(upper
extremity)
Minor findings 72 (40) 89 (60) 90 (53) 83 (62) 552
(upper (215)
extremity)

speckled appearances (Fig. 3a,b) in the epi-, meta and/or diaphysis of
which 72 (74.2%) were symmetrically distributed in both extremities
(Fig. 4b,c).

Hundred-and-fifteen out of 196 (58.79%) subjects had at least one
major finding (median 1.0, IQR = 3), with the majority located in the
feet (142/340, 41.8%), the proximal tibia (52/340, 15.3%) distal femur
(51/340, 15.0%) and distal tibia (46/340, 13.5%) (Fig. 1a). There was a
statistically significant association between localization and age group
(p < 0.001), with calcaneus, talus, midfoot and proximal tibia pre-
dominating in children aged 5-12 years as compared to distal femur,
proximal tibia and metatarsals in children between 13 and 15 years and
phalanges in those over 15 years (Fig. 2a).

A total of 137 (69.9%) subjects had at least one minor finding (me-
dian 1.0, IQR = 3) with a similar distribution as for major findings. The
majority were in the metatarsals, proximal tibia, and distal femur epi-,
and metaphyses, again; with a statistically significant association be-
tween localisation and age group (p = 0.009).

A punctate high signal pattern in the tarsals was registered in 136/
185 (73.5% %) individuals; of which 75 (55.1%) were graded as mild
and 61 (44.9%) as severe. The distribution was always symmetrical
according to side and was, with exception of two individuals, not
observed in individuals older than 15 years.

There were 21 major and 33 minor findings in or around specific
findings such as patella bipartita (2 major), desmoids (1 major, 21
minor), osteochondral defects (3 major, 4 minor), fibroxanthoma (7
major, 3 minor), bone cysts (7 major, 4 minor) and enchondromas (1
major, 1 minor).

4.2. Upper extremities

In the upper extremities we identified a total of 294 high signal in-
tensity areas. Seventy-nine (26.9%) were defined as major findings,
whereof 5 were symmetrically distributed. Twenty-seven major findings
(34.2%) had signal intensity 2, whereof 10 had extension > 3 (4 meta-
carpals, 2 phalanges, 2 proximal humerus epiphysis, 1 proximal hu-
merus metaphysis and 1 proximal radius epiphysis) (Fig. 1b).

Twenty-eight out of 196 subjects (14,3%), had at least one major
finding (median 0.0, IQR = 1). with the majority located in the humerus
(27/79, 34.2%), either in the proximal epiphysis (12), proximal meta-
physis (10) or in the diaphysis (5). Thirty-five (44.3%) of the major
findings were in the hand with no differences between age-groups
(Fig. 6).

118 subjects (60.2%) had at least one minor finding (median 1.0,
IQR = 2), distributed in a similar pattern as for major findings.

A punctate high signal-pattern in the wrist bones was registered in
118/153 (77.1%) children and was always bilateral, symmetrical and
with no differences according to age. One major finding, in the proximal
humerus epiphysis, had a specific appearance consistent with an
enchondroma.
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(a)

Phalanges Agein
Metatarsals years
Midfoot :%912
Talus g
Calcaneus W 1315
M 16-19
Fibula distal epiphysis
Fibula distal metaphysis
Fibula diaphysis
Fibula proximal epiphysis
Tibia distal epiphysis
Tibia distal metaphysis
Tibia diaphysis
Tibia proximal metaphysis
Tibia proximal epiphysis
Patella
Femur distal epiphysis
Femur distal metaphysis
Femur diaphysis
Trochanter major
Femur proximal metaphysis
0 10 20 30 40 50 60
Number of major findings
(b)
Agein
Hand years
Ulna distal epiphysis Ms59
Ulna distal metaphysis =1glg
Ulna diaphysis M 1619

Ulna proximal metaphysis
Ulna proximal epiphysis
Radius distal epiphysis
Radius distal metaphysis
Radius diaphysis
Radius proximal metaphysis r
Radius proximal epiphysis
Humerus distal epiphysis
Humerus distal metaphysis
Humerus diaphysis

Humerus proximal metaphysis
Humerus proximal epiphysis

o

10 20 30

40

Number of major findings

4.3. Periphyseal edema (FOPE) in the extremities

A total of 156 FOPEs were found in 79 subjects, with a maximal
number of 5 in one individual and maximum of three in the same
anatomical area. The majority were seen in the proximal tibia (112) and
distal femur (30) (Fig. 2d). We registered three FOPEs in the distal tibia,
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Fig. 1. a and b: Number and distribution of
major findings (based on T2-w Dixon water only
images) by anatomical area in 196 healthy vol-
unteers aged 5-19 years. a; Lower extremities (n
= 340 major findings, including areas of speckled
appearance in the long bones and findings with a
specific appearance) and b; upper extremities (n
= 79 major findings). For the lower extremities,
50 (26%) forefeet, 24 (10%) hind feet, 20 (10%)
distal legs, 16 (8%) distal femur / proximal leg,
and 14 (7%) proximal femur were hampered by
artifacts, and thus excluded from the analysis.
For the upper limbs, the figures were 48 (24.5%)
hand, 83 (42.3%) ulna, 71 (36.2%) radius, and
54 (27.6%) humerus, respectively.

4 in the proximal fibula and 6 in the distal fibula. Only one FOPE was
registered in the upper extremities, located in the proximal humerus. We
found FOPE-like lesions in all age-groups with a median age of 12.8
(IQR = 5.3). High signal in the periosteum /soft tissues was seen adja-
cent to four major lesions and two minor lesions in the lower extremities
and to one major lesion in the upper extremities (Figs. 2b, 3d, 5a,b).
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(b) (d)

Fig. 2. a) 8-year-old boy with a high signal intensity area in the distal tibia epiphysis (dashed arrow). b) 17-year-old girl with a high signal intensity areal in the distal
fibula epiphysis (thick arrow), and increased signal in the adjacent subcutaneous tissue (small arrowhead) c) 16-year-old boy with two round high signal intensity
areas in the medial femur epiphysis (thin arrow) d) 17-year-old boy with a high signal intensity area on both sides of the epiphysis consistent with a FOPE
(arrow heads).

(b)

Fig. 3. a) Coronal water-only Dixon T2W image of the distal femur shows hyperintense signal with an inhomogeneous, flame shaped pattern in the metaphysis and a
speckled appearance in the distal diaphysis (dashed arrows) in a 16-year old boy. b) 12-year-old girl with speckled appearance of high signal intensity areas in the
proximal tibia metaphysis (thick arrows) c) 15-year-old boy with a high signal intensity area in the diaphysis of the tibia (thin arrows) d) Example of a major finding
with an extensive and symmetrical distribution in a 16-year-old girl (arrowheads), and increased signal from the periosteum (dotted arrow).

(@) (b) (c)

Fig. 4. a)15-year-old boy with a major finding in the right proximal epiphysis (dashed arrow). b)14-year-old girl with extensive symmetrical areas of increased bone
marrow signal in the metaphysis(arrows) c)16-year-old girl with symmetrically distributed increased signal in both tibia diaphysis(arrowheads).
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(d)

Fig. 5. a) 6-year-old girl with a high signal intensity area in the cuboid bone (dashed arrow), and increased signal from nearby subcutaneous tissue (small
arrowhead) b) 7-year-old girl with a high signal intensity area from the fifth metatarsal bone (thick arrow), and increased signal from the periosteum (small
arrowhead) ¢) 12-year-old girl with speckled high signal intensity in the tarsal bones, the tibia epiphysis, and the distal tibial metaphysis (thin arrows) d) 12-year-old
boy with a high signal intensity area within both first metatarsal bones and base of left second metatarsal bone (arrowheads).

(a) (b)

(c) (d)

Fig. 6. Coronal water-only Dixon T2W image of the of the proximal humerus in: a) a 7-year-old boy, showing a major finding in the lateral part of the epiphysis
(dashed arrow), b) a 7-year-old boy with a major finding involving the whole fifth metacarpal bone (thin arrow), c) a 14-year-old boy with a major finding in the
proximal humerus metaphysis (thick arrow) and d) a 10-year-old boy with a major finding in the proximal humeral diaphysis (arrowheads).

5. Discussion

We have shown that a high proportion of healthy, symptom-free
children and adolescents have at least one major high signal finding in
the extremities, of which most are in the feet or around the knees.
Periosteal reaction was rarely seen. There were no statistically signifi-
cant differences in the total number of high signal intensity areas ac-
cording to age, gender, level of sports activity or handedness, however,
for the lower extremities the numbers of major findings peaked at 10-12
years of age and minor findings peaked at 14-16 years of age.

We believe our study cohort to represent the general population as
those included were recruited from two different cities, sharing common
characteristics with the general population such as gender, BMI and
level of sports activity. On the other hand, the study did not fulfill the
strict criteria of a population-based study.

The MRI appearances of bone marrow in children differs from that in
adults. The process of conversion from red to yellow bone marrow oc-
curs throughout childhood in a well-known pattern [19,20]. In addition,
the process of skeletal growth and ossification continues until skeletal
maturation. The higher vascularization and pliability of the growing
skeleton combined with a higher activity level as compared to adults,
makes the pediatric skeleton more prone to physiological stress. All
these processes may influence the bone marrow signal on MRI [21,22].
Diffuse, homogenous low-grade background signal was not scored in the
present study. Other than this, except for the findings with specific
features, an effort was made to perform an objective and unbiased

scoring of all focal inhomogeneous or patchy high signal areas.

A high proportion of major findings in the long bones of the lower
extremities were located around the knees and were most common in
the older age-groups (Figs. 2c, 4a, b). Patchy or inhomogeneous flame-
shaped patterns of residual red bone marrow in the metaphysis of the
knee is a normal finding in adolescents [19,20]. We also registered a
higher number of major findings in the epiphysis of the knee in in-
dividuals aged 10-15 years (Fig. 1a,). Such patterns may be indistin-
guishable from early inflammatory lesions in chronic non-bacterial
osteomyelitis, typically found in the same age-group and at the same
location [23].

A speckled pattern of high signal was frequently found in dia-, epi-,
and most often the metaphysis of the long bones. This pattern is prob-
ably equivalent to what is previously described as focal islands of red
marrow [19,21] but occasionally it had a striking appearance (Fig. 3a,b,
5¢). Major findings with a more confluent appearance were commonly
seen in the diaphysis, particularly in the tibia, and were often sym-
metrical and sometimes relatively extensive (Fig. 3c,d, 4c).

Our study showed numerous findings in the feet, whereof the ma-
jority were found in the metatarsals, more so in adolescents than in the
younger age groups. Of particular interest was high-grade signal
involving most of, or even the whole of metatarsals or phalanges
(Fig. 5b,d). In a clinical context these findings could resemble osteitis as
an early sign of tarsitis in juvenile enthesitis-related arthritis (ERA)
[13,24] or inflammatory lesions in chronic non-bacterial osteomyelitis
[25]. The frequent finding of metatarsal involvement contrasts with
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previous reports addressing healthy individuals [6,26].

In the tarsals, major findings were most commonly found in the
calcaneus and talus and in the younger age-groups. A punctate high
signal pattern, occasionally quite pronounced and always symmetrical,
was registered in most children up to 15 years of age. These results are
similar to what was reported by Shabshin et al in 34 healthy subjects
0-18 years [6]. Occasionally the high-grade signal was confluent in one
or several tarsal bones. Similar signal has recently been described as
abnormal when present in the calcaneus or talus [25]. A 6-year-old girl
had high-grade hyperintensity areas involving nearly the whole extent
of the navicular and cuboid bones (Fig. 5a) She was asymptomatic, but
on direct questioning her parents remembered a minor foot sprain 4
weeks earlier. This example highlights previous observations, that even
an insignificant trauma may cause prominent T2W hyperintensities
within the pediatric bone marrow [5,27].

Major findings in the long bones of the upper extremities were rare,
and, when present, less frequently registered in the diaphysis than in the
epi- or metaphysis (Fig. 6a,c,d). Analogously, the upper extremities are
less commonly involved in disease processes than the lower extremities
[8-10 28-30], and in inflammatory or infectious disorders, isolated
involvement of the diaphysis is uncommon [8,31].

In agreement with previous studies on healthy children and adoles-
cents, bone marrow hyperintensities in the hand were a common finding
[4,5]. Occasionally the signal involved an entire metacarpal or phalanx
(Fig. 6b), a finding that could be misinterpreted as pathology in patients
with e.g., CNO, psoriatic arthritis, or as a manifestation of Raynaud
phenomenon [32-34].

We identified high signal in or around several specific findings such
as bipartite patellas, and osteochondral lesions in the talus, which, in a
clinical setting, would suggest a clinically relevant lesion.

FOPE-like lesions were mainly found around the knees (Fig. 2d) and
occasionally in the ankles, consistent with existing literature [7,35].
This finding is suggested to present early stages of physiologic physeal
closure [7] which implies that also physes in other locations may be
involved. FOPE has been reported to be a non-traumatic cause of pain
[7,36,37]. In accordance with previous publications, the highest number
of FOPEs were in the adolescent age-group [7], but we also found FOPE-
like lesions in younger children. One individual had a FOPE-like lesion
in the proximal humerus. To our knowledge, there exists no published
data on FOPEs in the upper extremities. No detailed definition of FOPE
exists which may explain slightly diverging published results regarding
age distribution.

5.1. Limitations and strengths

There are some limitations to our study. First, there is an inherent
subjective nature of the scoring process and standardization of the signal
intensity scale on MRI [25,38]. The MRI-image is dependent on hard-
ware, software and sequence parameters and may therefore differ be-
tween institutions. To reduce the risk of bias, we performed a meticulous
calibration and validation of the scoring system prior to the study.
Second, our definitions of minor and major findings may not correspond
to the clinical significance in every case. Third, bone marrow hyper-
intensities with similar size and signal intensity may be weighted
differently based on shape, contour, and location. Finally, the bone
marrow may appear differently based on large field of view protocols as
compared to focused protocols. However, the aim of this study was to
describe the appearances of the bone marrow as assessed on whole-body
MRI.

The strengths of our study were the prospective, population-based
design, the large number of healthy volunteers and thorough calibra-
tion. Efforts were made to ensure that there were no underreported or
underlying pathological conditions, both in terms of follow-up in-
terviews and imaging.

European Journal of Radiology 153 (2022) 110365
6. Conclusion

Focal areas of high signal intensity are frequently seen on whole-
body MRI, T2W fat suppressed images of healthy, asymptomatic chil-
dren and adolescents. More than half had findings that could cause
concern in a clinical setting, often in an asymmetrical distribution.
Awareness of this is important when interpreting whole-body MRI in
this age group, particularly in the assessment of clinically silent lesions.
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