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 Summary
	 	 Leukemia	 is	 the	most	 frequent	malignancy	 in	 children	 (30–40%);	 acute	 lymphoblastic	 leukemia	

(ALL)	accounts	for	85%	of	cases	of	this	leukemia.	Apart	from	bone	marrow	infiltration,	MR	imaging	
reveals	other	 lesions	 in	 the	bones	of	 these	children,	 that	may	be	a	complication	of	 the	disease	or	
of	 its	 therapy	and	do	not	 require	 referral	 to	 the	oncologist	unless	 they	are	misinterpreted.	These	
lesions	 include	 osteonecrosis,	 stress	 fractures	 due	 to	 osteopenia,	 osteomyelitis	 –	 often	 resulting	
from	 administration	 of	 corticosteroids.	 The	 authors	 present	MR	 images	 of	 these	 lesions,	 often	
misinterpreted	as	leukemic	infiltration.
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Leukemia	 is	 the	 most	 frequent	 malignancy	 in	 children	
(30–40%);	 acute	 lymphoblastic	 leukemia	 (ALL)	 is	 the	most	
common	type	of	leukemia	and	accounts	for	85%	of	cases	[1].

All	 the	 children	with	diagnosed	ALL	are	 routinely	 referred	
for	brain	and	 spinal	MRI,	 for	 evaluation	of	potential	 infil-
tration	of	the	central	nervous	system.	The	examination	does	
not	aim	 to	evaluate	 the	bone	marrow	 that	 reveals	a	 lower	
signal	intensity	in	T1-weighted	images	and	a	strong	contrast	
enhancement	 after	 gadolinium	administration.	 In	 the	 first	
phase	of	the	examination,	there	is	a	reversal	of	the	ratio	of	
the	signal	from	vertebral	bodies	to	the	signal	from	interver-
tebral	discs	–	different	than	in	normal	conditions,	with	discs	
showing	a	 stronger	 signal	 than	 the	bodies.	Only	after	 con-
trast	 administration,	 this	 image	 starts	 resembling	 the	 one	
of	a	normal	vertebral	column	in	adult	patients.	After	remis-
sion,	the	signal	from	the	marrow	returns	to	normal	[2].

It	should	be	remembered	that	the	bone	marrow	in	children	
is	mostly	 red,	 and	 per	 se	 shows	 a	 lower	 signal	 intensity	
in	T1-weighted	 images	 than	 in	 adults,	 and	becomes	more	
enhanced	 due	 to	 rich	 blood	 supply,	 high	 cellular	 density,	
and	substantial	extravascular	space	[3].

These	 features	 of	 the	MRI	 image	 of	 the	 spine	 are	 quite	
commonly	known,	while	the	image	of	other	bones	and	the	
whole	range	of	their	 lesions	 in	the	course	of	 leukemia	tre-
atment	–	much	less.	The	imaging	examinations	of	children	
referred	 to	 Clinical	 Department	 of	 Oncological	 Surgery	
for	 Children	 and	 Youth	 of	 our	 Institute	 are	 sent	 to	 the	
Department	of	Diagnostic	Imaging	for	consultation.	That	is	
why	we	 thought	about	describing	 the	 lesions	of	 the	bones	
that	may	appear	 in	 the	process	 of	 leukemia	 treatment,	 as	
complications	 of	 the	 disease	 or	 its	 treatment	 and	 that	 do	
not	require	oncological	consultation	if	interpreted	correctly.

Bone	marrow	 is	 the	most	 common	 location	 of	 leukemia	
recurrence	 [4].	 Thus,	MRI	 examinations	 in	 children	with	
symptoms	from	bones	and	joints	are	common	and	justified.	
On	 the	 other	hand,	 bone	necrosis	 is	 here	more	 frequently	
asymptomatic	 than	 symptomatic	 [4].	 It	 should	 be	 a	 com-
mon	knowledge	to	differentiate	between	the	disease	recur-
rence	 and	 other,	 unrelated	 lesions,	 such	 as	 osteonecrosis,	
stress	 fractures	 due	 to	 osteopenia,	 or	 osteomyelitis	 [2,6].	
Treatment	with	 corticosteroids	 has	 a	 significant	 influen-
ce	 on	 the	development	 of	 these	 lesions.	 Some	of	 the	 chil-
dren	with	leukemia	receive	bone	marrow	transplant.	They	
also	 develop	 bone	necrosis	 due	 to	 large	 doses	 of	 steroids	
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Figure 1.  A 17-year-old boy after ALL treatment, examined after 2 years following bone marrow transplantation. Osteonecrosis in both condyles of 
the femur and tibia. Lateral condyle of the tibia is fractured, its articular surface is markedly lowered, and the articular space is widened. 
MRI, coronal projection. (A) SE/T1-. (B) STIR. In the medial condyle of the tibia there is a well visible ‘double line’.
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Figure 2.  The same patient as in Figure 1. Foci of osteonecrosis in the distal shaft of the femur, below the loaded surface and in the upper part of the 
patella. MRI, sagittal projection. (A) SE/T1-. (B) FSE/PD with fat saturation.
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Figure 3.  A 16-year-old girl after ALL treatment. Foci of necrosis in the 
heads of both femurs and in the acetabula of both hip joints. 
MRI, coronal projection. (A) SE/T1-. (B) STIR.
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Figure 4A,B.  A 15-year-old boy, with inflammation of the right humeral bone, during ALL treatment. (A) STIR, sagittal projection. (B) SE/T1 – with 
fat saturation, coronal projection.
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[7].	 Some	of	 the	medicines	used	 in	 chemotherapy,	 such	as	
methotrexate,	may	 cause	 osteopenia	 and	 fractures,	 espe-
cially	of	the	lower	limbs	[1,8]	(Figure	1).

In	 the	 English	 literature,	 avascular	 necrosis	 and	 bone	
infarcts	are	jointly	termed	osteonecrosis.	The	shape	of	such	
lesions	 is	 geographical	 in	 long	bone	 shafts	 and	more	 regu-
lar	 in	 adjacency	 to	 articular	 surfaces,	with	 a	 good	deline-
ation	in	the	form	of	a	rim	showing	a	low	signal	intensity	in	
T1-weighted	images	and	different	intensities	in	T2-weighted	
images	(including	STIR):	low	or	high,	and	being	most	typical	
when	appearing	as	a	double	 line,	 i.e.	 parallel	 lines	of	high	
and	low	signal	intensity	[5,9].	In	patients	with	leukemia	exa-
mined	and	consulted	on	in	our	center,	this	is	the	most	com-
mon	osseous	pathology	(Figures	1,	2).	The	most	typical	loca-
tion	of	the	necrosis	is	the	head	of	the	femur	[7]	(Figure	3)	but	

the	lesions	may	also	be	found	in	humeral	bones,	distal	parts	
of	the	lower	limbs,	and	in	vertebrae.

Infections	are	common	in	patients	with	reduced	immunity,	
and	thus	also	in	children	with	hematological	hematological	
neoplasms.	 Infections	 include	bone	 inflammation	 that	may	
appear	in	leukemia	and	may	be	especially	hard	to	diagnose.	
Stacy	and	Dixon	included	bone	inflammation	in	the	group	of	
diseases	with	ambiguous	features,	which	do	not	allow	for	a	
strong	suspicion	of	malignancy	or	benign	lesion	on	the	basis	
of	an	MRI	and	require	further	diagnostics	(Figures	4,	5)	[9].

Leukemia	 recurrence	 in	 the	 bone	 marrow,	 as	 opposed	 to	
diffuse	lesions	found	in	the	first	diagnosis,	includes	nodular	
lesions	of	low	signal	intensity	in	T1-weighted	images,	and	of	
high	signal	intensity	in	T2-weighted	images,	well	delineated	
from	 the	 surrounding	 structures,	 both	 in	 children	 and	 in	
adult	patients.	Good	delineation	constitutes	the	major	featu-
re	differentiating	the	recurrence	from	non-neoplastic	lesions,	
manifesting	themselves	with	bone	marrow	edema	[10].

In	our	own	material,	as	 in	examinations	performed	outside	
our	Center,	there	was	no	image	of	leukemia	recurrence	in	the	
bones,	while	the	descriptions	of	the	examinations	were	clear	
about	the	presence	of	recurrence	or	its	suspicion	in	the	course	
of	the	basic	disease	(out	of	the	whole	range	of	possible	diagno-
ses).	This	induced	us	to	collect	the	above	presented	material.
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Figure 4C.  A 15-year-old boy, with inflammation of the right 
humeral bone, during ALL treatment. (C) SE/T1 – with 
fat saturation after gadolinium administration, coronal 
projection.

Figure 5.  The same patient as in Figure 4. Seven months later, status 
post treatment of bone inflammation – normalization of 
the signal intensity in the humeral bone in STIR sequence.
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