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Objective: To describe the characteristic imaging
features of focal nodular marrow hyperplasia (FNMH).
Methods and materials: Retrospective review of all
patients with a diagnosis of FNMH between January
2007 and September 2019.

Results: The study included 53 patients, 7 males and 46
females with a mean age of 58 years (range 12-95 years).
All had MRI with conventional spin echo sequences
showing a poorly defined round/oval lesion with mild
;W iso/hyperintensity compared to skeletal muscle, low
ToW turbo spin echo (TSE) signal intensity (SI) compared
to marrow fat and variable Sl on STIR, but never asso-
ciated with reactive marrow oedema. All 53 patients
had follow-up MRI, with all lesions remaining stable
or partially resolving. In-phase (IP) and out-of-phase
(OP) chemical shift imaging (CSI) was obtained in 31 of
these, with 28 (90.3%) showing >20% S| drop on the OP
sequence, while 3 (9.7%) demonstrated <20% S| drop.
CT was available in 26 cases, 17 (65.4%) showing mild

INTRODUCTION

Focal nodular marrow hyperplasia (FNMH) is a rare
condition which refers to localised proliferation of
hyperplastic haematopoietic marrow."? Although an
entirely benign entity, it has the imaging appearances of a
pseudo-tumour and can result in diagnostic uncertainty
when identified as a new lesion in a patient with known
primary malignancy. The diagnostic approach for such
indeterminate lesions has traditionally been follow-up
MRI showing no change or reduction in size, thus
excluding a metastasis."*~ Therefore, the imaging diag-
nosis has usually been one of 'exclusion’ based on sequen-
tial imaging, rather than focusing on a single MRI study.
This is unsatisfactory in the setting of known malignancy,
potentially resulting in patient anxiety due to prolonged
follow-up, or harm due to unnecessary needle biopsy.
Several case reports have described the entity of FNMH
mimicking a metastasis in patients with known cancer,
the diagnosis being established either by image-guided

medullary sclerosis. Single-photon emission computed
tomography CT (SPECT-CT) was available in four cases
and Flourodeoxyglucose positron emission tomography
CT (FDG PET-CT) in 2, all showing increased uptake.
Focal uptake was also seen in three of eight patients
who had undergone whole body bone scintigraphy. Only
one lesion was biopsied, confirming FNMH.

Conclusion: The imaging appearances of FNMH have
been described on various modalities, particularly MRI
with emphasis on the role of IP and OP CSI typically
demonstrating >20% S| reduction. FNMH should be
recognised and treated as a 'do not touch’ lesion which
does not require biopsy or prolonged follow-up.
Advances in knowledge: We describe and clarify the
imaging characteristics of FNMH on MR, including CSI,
CT and various nuclear medicine modalities. An imaging
algorithm is suggested for allowing a non-invasive
diagnosis.

needle biopsy or by surgical resection.’!! In these cases,
MRI demonstrated oval lesions with reduced T\W SI
compared to marrow, but usually of higher SI than skel-
etal muscle or intervertebral disc. The lesions also showed
reduced T,W SI compared to marrow, but variable SI on
fat suppressed T,W FSE sequences or short tau inversion
recovery (STIR) sequences. The details of these cases are
presented in Table 1.

As opposed to FNMH, diffuse red marrow hyper-
plasia is a relatively common occurrence in the setting
of increased haematopoietic demand such as chronic
anaemia, malignancy, excessive sporting activity, ciga-
rette smoking, obesity and various medical conditions
including diabetes and its imaging appearances have been
extensively reviewed. MRI demonstrates symmetrical
reduction of T;W marrow SI with interdigitating areas
of fat, which typically spares the sub-articular bone and
has characteristic locations such as the spine, pelvis and
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Table 1. Summary of the clinical presentation, imaging findings and treatment of focal nodular marrow hyperplasia (FNMH) in the
current literature

Subsequent
investigations and
Reference Patient details Presentation Imaging treatment
Bordalo-Rodrigues et al® 77 M Lung cancer, underwent PET CT-T8 vertebral body CT-guided T8 biopsy showed
whole body FDG PET for uptake. MRI- 2x2 cm low T1 FNMH. Pulmonary lesion
staging. lesion in T8 (but higher than alone resected.
disk signal). Not seen on T2 FS.
Pui et al’ 37M Left proximal tibial MRI - new 2 cm oval lesion Patient refused biopsy of mid-
osteosarcoma. Patient had in left mid-femur. Lesion femur lesion. High above knee
further knee pain following isointense to muscle on T1 amputation of primary tumour
preoperative chemotherapy and T2 FS images. CT-focal and femoral lesion. Histology
intramedullary sclerosis with of the latter revealed FNMH.
no corresponding bone scan
uptake.
Chow et al® 14 M Pain and swelling left Osteosarcoma left proximal Tumour excision including
proximal tibia. tibia. MRI-possible skip distal tibial lesion had
metastasis 7 cm below tumour chemotherapy followed by
in anterior tibial cortex. left total knee replacement.
Isointense to muscle T1, high Histology of distal lesion
T2 FS SI. CT-no lesion. Bone confirmed FNMH.
scan-no uptake.
7M Left distal thigh pain MRI-left distal femoral Proximal femur biopsy showed
osteosarcoma. Possible skip FNMH. Patient has segmental
metastasis in left proximal resection excluding proximal
femur. MRI-hyperintense to lesion.
muscle T1, hyperintense T2FS,
mild post-gad enhancement.
PET CT-no uptake. Bone scan-
normal.
17M Right knee pain for 3 Right distal femoral Right total knee replacement.
months. osteosarcoma. Bone scan- Lesser trochanter lesion
uptake in T10 and right lesser excised. T10 lesion excised
trochanter. MRI- low T1, high with bone graft and spinal
T2 FS lesions. CT-Faint T10 fusion. Both showed FNMH.
sclerosis. All thought to be
metastases.
14 M Right thigh swelling Osteosarcoma right femoral Biopsy of proximal femoral
I month. diaphysis. MRI-further lesion-FNMH. Had
proximal femoral lesion, no chemotherapy followed by
mention of MRI features. limb salvage surgery.
42 M

Left femur subtrochanteric
fracture after trivial injury.

PET-CT showed uptake at
fracture site with marrow
infiltration-Ewing sarcoma.
Also showed uptake in mid-
femur. MRI-not described.
Bone scan-normal.

Had segmental resection
including mid-femoral lesion.
Histology of latter-FNMH.

Shigematsu et al’

Eight males (average
age 64) all with
vertebral body
lesions.
Only one was
localised.

Six patients had known

malignancy but were
asymptomatic;

two had low back pain;

five thoracic spine location;

three lumbar spine location.

attenuation on CT compared to

All eight vertebral body lesions
suspicious for metastases on
MRI. All were hypointense
to marrow on T1 and T2. 3/4
hyperintense and 1/4 isointense
on STIR. All eight lesions
had higher than normal SUV
max on FDG PET CT (range
2.09-3.06).
5/8 showed no uptake on bone
scan.
7/8 showed subtle high

normal marrow.

All eight cases diagnosed as

hyperplastic haematopoietic

bone marrow (HHBM)
following CT biopsy.

(Continued)
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Subsequent
investigations and
Reference Patient details Presentation Imaging treatment
Tanaka et al'® 66 M Ca oesophagus L3 vertebral body lesion. Low CT-guided biopsy revealed
SIon T;W and T,W. Increased hypercellular marrow.
activity on FDG-PET
Yasuda et al'! 63 M Ca oesophagus FDG-PET showed lesions in Biopsy of sternum revealed

sternum and sacrum. MRI
showed low SI on T1 and T2W
sequences.

bone marrow hyperplasia.

proximal humeral and femoral metaphyses. The marrow SI is
typically higher than skeletal muscle.'™

The senior author has encountered many cases of FNMH, either
as an incidental lesion on MRI, or as a suspected metastasis
presenting for further evaluation to the Musculoskeletal or Spinal
Oncology multidisciplinary team meeting (MDTM) in patients
with known cancer. The aim of the current study is to review the
imaging appearances across all modalities but particularly MRI,
highlighting features which may help identify a lesion as FNMH
without the need for biopsy or prolonged follow-up.

METHODS AND MATERIALS

The study was approved by the Local Research and Innovation
Service of The Institute of Orthopaedics, with no requirement for
informed patient consent.

The Radiology Information System was searched from January
2007 to September 2019 for all patients with a suggested diag-
nosis of FNMH based on reports of the senior author, who had
13years experience of musculoskeletal tumour imaging at the
start of the review period and 25 years experience by the end.
This yielded 72 results. For the purposes of this study, a diagnosis
of FNMH was made based on any of the following criteria:

(1) A lesion with MRI features consistent with previous reports
of FNMH (Table 1), which had a minimum of 6 months MRI
follow-up and showed no progression. The MRI features
included a round/oval lesion which was hypointense to
marrow fat but hyperintense or isointense to skeletal muscle
on T}W TSE, mildly hypointense to marrow fat on T,W FSE,
and either mildly hyperintense or isointense to marrow fat
on STIR.

(2) A lesion with MRI features consistent with FNMH, as
described above without 6 months follow-up, which showed
>20% SI reduction on OP compared to IP chemical shift
imaging (CSI), confirming a relatively high fat content but
showing no features of an atypical haemangioma or marrow
oedema. Atypical haemangioma is characterised by the
‘polka-dot’ sign seen on CT and often on axial T,W FSE MRI,
but is absent in FNMH. Vertebral marrow oedema is most
commonly seen in endplaterelated disc degeneration, due
to Schmorl’s nodes, or related to acute benign compression
fractures and not centrally within the vertebral body as in
FNMH.

(3) Alesion with a histologically confirmed diagnosis of FNMH.

Clinical data collected included age, sex, history of previous
malignancy and skeletal distribution of the lesion.

MRI techniques varied since many cases were referred from
external hospitals to the Musculoskeletal or Spinal Oncology
Services for further evaluation. Spinal MRI studies undertaken
at our institution typically comprised sagittal T;W TSE, T,W
FSE and STIR sequences together with axial T)W TSE and T,W
FSE sequences, with the addition of a coronal T,W FSE sequence
in the lumbar spine. Studies of the pelvis and limbs typically
comprised coronal T)W TSE and STIR sequences, sagittal
T,W FSE sequences, and axial proton density-weighted FSE
(PDW FSE) and spectral adiabatic inversion recovery (SPAIR)
sequences. The SI of the lesion was compared to skeletal muscle
on T{W TSE sequences and to bone marrow on T,W FSE and
STIR sequences, being recorded as hyperintense, isointense
or hypointense. Maximum lesion size was also measured. The
tumour margin was classified as well-defined or poorly defined,
and any surrounding reactive marrow oedema (‘halo sign’) was
noted. The presence of a single or several central fatty signal foci
within the lesion (‘bulls-eye sign’) was also recorded. For spinal
cases, the location of the lesion within the vertebral body was
determined from sagittal images (anterior 1/3, mid-1/3 or poste-
rior 1/3) and from coronal images (central or paracentral).

From January 2018, T}W gradient echo CSI was added, images
being obtained on a 3T MRI unit with the following parameters:
TR = 340ms; TE (IP) = 2.2ms, TE (OP) = 1.1 ms. The SI drop
between the IP and OP sequences was calculated according to
the following formula, as previously reported'*™*:

% SI drop = [SI'" - SI°P / SI™P] x100

A SI drop of >20% was taken as being consistent with FNMH as
long as the lesion had no other imaging features to suggest a diag-
nosis of atypical haemangioma or reactive marrow oedema.'?'*
The length of time from initial MRI studies to the last available
follow-up MRI study was documented, as were any changes in
lesion morphology or SI characteristics.

Available CT studies were assessed for the presence of medul-
lary sclerosis at the location of the lesion, which was determined
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Figure 1. 53-year-old male being investigated for low back
pain. (a) Sagittal ;W TSE, (b) T,W FSE and (c) STIR MR
images demonstrate a poorly defined spherical lesion with
reduced TYW and T,W Sl (arrows) in the centre of the L5
vertebral body. The lesion is not identified on STIR. Note the
absence of peri-lesional oedema (arrow-c). (d) Sagittal CT
MPR demonstrates mild medullary sclerosis at the site of the
lesion (arrow). (e) Sagittal SPECT-CT MPR demonstrates mild
increased activity (arrow).

initially by visual inspection. In cases where there was no appre-
ciable marrow sclerosis, Hounsfield units were measured within
circular regions of interest (ROI) at the site of the lesion and
in equivalent locations in the adjacent vertebrae. Focal uptake
on *™c-whole body bone scintigraphy, FDG PET-CT and
SPECT-CT was recorded when available, and histology results of
any cases that were biopsied were noted.

All data were taken initially from the original imaging reports,

but all cases were also re-reviewed by a musculoskeletal radiology

Table 2. Distribution of focal nodular marrow hyperplasia
(FNMH) lesions within the skeleton

Location Number of patients (N = 53)
Lumbar vertebrae 22 (41.5%)

Thoracic vertebrae 8 (15.1%)

Cervical vertebrae 1(1.9%)

Ilium 3 (5.7%)

Acetabulum 3 (5.7%)

Femur 6(11.3%)

Sacrum 8 (15.1%)

Tibia 1(1.9%)

Humerus 1(1.9%)

Rajakulasingam and Saifuddin

Figure 2. A 50-year-old female being investigated for low
back pain. (a) Sagittal ;W TSE and (b) 7,W FSE MR images
demonstrate a well-defined oval lesion with reduced ;W and
ToW Sl (arrows) in the anterior third of the L4 vertebral body.
The lesion was isointense to skeletal muscle on T;.

fellow. Any discrepancies were resolved by consensus with the
senior author.

RESULTS

From the initial 72 patients, 19 were excluded since they did not
fulfil the diagnostic criteria listed above. This left 53 patients, 7
males and 46 females with a mean age of 58 years (range 12-95
years). In 19 cases, the lesion was identified incidentally on MRI
being undertaken at our institution for various reasons, while
34 cases were identified from the musculoskeletal and spinal
oncology MDTM following referral from external hospitals for
investigation of a possible bone neoplasm or metastasis. A past
medical history of malignancy was present in 15 of 53 patients
(28.3%), the commonest being breast (n = 3), myxofibrosarcoma
(n = 4) and spindle cell sarcoma (n = 2). None of these patients
had undergone any systemic treatment at the time of imaging
review. Regarding the initial MRI studies, 64.8% were performed
externally on a 1.5T MRI scanner and referred to the MDT for
a radiological opinion. Most had a follow-up MRI study at our
institution using a 3T MRI unit.

The location of the 53 lesions is presented in Table 2. Most
cases arose in the spine (58.5 %), with just over half being in
the lumbar spine (Figures 1 and 2), followed by the femur (11.3
%) (Figures 3 and 4), sacrum (15.1 %) (Figure 5) and ilium
(5.7%) (Figure 6). Poorly defined margins were recorded in
50 lesions (94.3 %) (Figures 1la, b, 5a, b, 6a and b) while three
cases were well-demarcated (Figure 2). No cases displayed the
‘halo-target sign’ (Figure 1c), and only three cases exhibited the
‘bulls-eye sign’ (Figure 7). The average lesion size on MRI was
18 mm (range 8-55mm), with most having an oval or circular
morphology (Figures 1, 3 and 6).

Table 3 highlights the MRI SI characteristics of the 53 cases.
Most lesions were hyperintense to skeletal muscle on T;W
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Figure 3. A 32-year-old female referred for investigation of
a lesion in the right distal femur initially identified on a knee
MRI study undertaken for pain and swelling. (a) Coronal THW
TSE, (b) sagittal T, W FSE and (c) coronal STIR MRI demon-
strate an oval lesion (arrows) which is hyperintense to skeletal
muscle on T;, hypointense to marrow on 7, and hyperintense
on STIR. CSI (not shown) demonstrated 30% Sl drop on the
OP sequence.

Figure 4. A 72-year-old male referred for biopsy of a lesion
in the right proximal femur initially identified on an MRI study
undertaken to stage prostate cancer. (a) Axial /W TSE MR
image demonstrates an irregular lesion in the femoral neck
which is mildly hyperintense to skeletal muscle (arrow). (b)
Bone scan demonstrates mild increased activity in the lesion
(arrow). (¢) IP and (d) OP CSI demonstrates prominent Si
reduction on the OP sequence (arrows), which was calcu-
lated at 78% indicating a high fat content and allowing a non-
invasive diagnosis of FNMH.

BJR

Figure 5. A 28-year-old female referred for further investiga-
tion of a marrow abnormality in the left sacral ala found inci-
dentally. (a) Coronal oblique ;W TSE and (b) STIR MR images
demonstrate a poorly defined lesion which is slightly hyperin-
tense to muscle on 7; and mildly hyperintense to marrow on
STIR (arrows). (c) Coronal FDG-PET MIP and (d) axial-fused
PET-CT images demonstrate mild increased activity. The
lesion was stable over 25 months.

TSE sequences (Figures 3a-6a) and were never hypointense.
Almost all lesions were hypointense to marrow on T,W FSE
sequences (Figures 1b-3b and 6b), while just over half were
mildly hyperintense to marrow on STIR (Figures 3b and 5b),
the remainder appearing isointense and therefore were not iden-
tified (Figure 1c). In three cases, post-gadolinium sequences
were available, all three showing no enhancement (Figure 8).
Follow-up MRI studies were available in all 53 cases, with a mean
interval of 14.6 months (range 6-102 months) between initial
and final studies. In no case did the lesion increase in size, while
in 50 (94.3 %), it remained stable (Figure 9) and 3 (5.6 %) showed
a variable degree of resolution (Figure 10).

IP and OP CSI were available in 31 of 53 (58.5 %) cases. The
mean SI drop on the OP sequence was 48% (range 1.8-88%)
(Figures 4c, d, 6¢ and d). Three cases (5.7%) showed a SI drop
<20%. The first case was in the left sacral ala, and this showed
overt marrow sclerosis on CT with no change in morphology
over 13 months follow-up. The second case was in the T5 verte-
bral body in a patient with previous cervical cancer and was asso-
ciated with a healed superior endplate compression fracture. This
was the only biopsy proven case of FNMH, histology revealing
cellular marrow constituents with 5-10% increase in blast cells.
The lesion was also active on FDG-PET (Figure 11). The third
case was in the L3 vertebral body with 19% SI drop. However,
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Figure 6. A 54-year-old male referred for further investiga-
tion of a marrow abnormality in the right posterior ilium found
incidentally. (@) Coronal T7W TSE and (b) sagittal T,W FSE
MR images demonstrate a poorly defined oval lesion which
is slightly hyperintense to muscle on T; and hypointense to
marrow on T, (arrows). (c) Coronal IP and (d) OP CSI demon-
strate S| reduction on the OP image (arrows) calculated at
55% confirming a high-fat content and allowing a non-invasive
diagnosis of FNMH.

Figure 7. An 82-year-old female being investigated for low
back pain. (a) Sagittal ;W TSE and (b) axial T, W FSE MRIs
showing a lesion in the posterior right side of the L2 vertebra
(arrows) with a central area of fat Sl (arrowheads) consistent
with the ‘bulls-eye sign’.

Rajakulasingam and Saifuddin

this demonstrated faint sclerosis on CT and remained stable on a
10-month follow-up MRI study.

Regarding FNMH lesion location in the spine (n = 31), 4 (12.9%),
18 (58.1%) and 9 (29%) were seen in the anterior (Figure 2),
middle (Figures 1 and 9) and posterior (Figure 12) thirds of
the vertebral body, respectively, while 72% of lesions were in a
paracentral location (Figures 1, 2, 9 and 11). Three of the nine
(31%) lesions within the posterior third of the vertebral body
also involved the pedicle (Figure 12).

Table 4 highlights the CT, whole body bone scan, SPECT-CT and
FDG-PET CT appearances of the current series. Of the 26 cases
that had CT studies available, 17 (65.4%) showed sclerosis, 15
(57.7%) demonstrating obvious medullary sclerosis (Figure 1d),
and 2 (7.7%) in which medullary sclerosis was only evident after
measuring HU in the ROIs and comparing with adjacent verte-
brae. Four and two cases underwent SPECT-CT and FDG PET-
CT, respectively, at the referring hospitals, all showing increased
uptake in the area of concern (Figures le, 5¢c and d), while three
of eight (37.5%) patients with whole body bone scintigraphy
showed focal uptake (Figure 4b).

A suggested algorithm for assessing an indeterminate marrow
lesion is presented in Figure 13.

DISCUSSION

To our knowledge, there are only six peer-reviewed published
articles specifically discussing the imaging features of FNMH as
opposed to diffuse marrow reconversion, totalling 10 cases. All
except Chow et al® and Shigematsu et al® are isolated case reports
as outlined in Table 1. Although Shigematsu et al’ described
eight cases of marrow hyperplasia, only a single case was an
isolated lesion consistent with FNMH. All patients had an under-
lying cancer diagnosis, and the area of FNMH was biopsied or
resected to exclude a metastasis. In the current series, 44 (83 %)
patients were over 50-year-old and only nine (16.7 %) less than
18-year-old, while just over one-fifth of patients had a known
history of cancer. From literature review, the youngest age of a
biopsy proven case of FNMH was a 14-year-old boy with osteo-
sarcoma.® Our results agree with current literature that FNMH is
rarely seen in the paediatric population, which is to be expected
since the various causes of marrow reconversion are prevalent
in the older age group. Even in the paediatric cases discussed by
Chow et al, all patients had an underlying bone sarcoma.® Diffuse
or nodular marrow reconversion is known to occur in patients on
chemotherapy receiving granulocyte-colony stimulating factor
(GCSF), again more common in the older age group and imaging
appearances should not be mistaken for progressive/recurrent
disease."® None of the cases with a past medical history of cancer
underwent any systemic treatment at the time of imaging review
such as chemo-radiotherapy. This can potentially mimic FNMH
in that small areas of fat signal can be seen within bone, implying
a healing response in metastatic deposits.'®

Consistent with previous reports,” the spine was the commonest
site of FNMH in the current series, with 57.4% of cases occur-
ring in the vertebrae. The thoracic (14.8%) and lumbar (40.7%)
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Table 3. MRI signal characteristics of focal nodular marrow hyperplasia (FNMH)

Signal intensity

Hypointense

Isointense Hyperintense

T\ W (cf skeletal muscle) 0 (0%)

12 (22.2%) 41 (77.4%)

T,W (cf marrow) 52 (98.1%)

1(1.9%) 0 (0%)

STIR (cf marrow) 0 (0%)

22 (40.7%) 31 (58.5%)

regions were most commonly involved, but the sacrum (14.8%)
was also a relatively frequent site. However, as illustrated in
Table 2, there were also a wide variety of extra spinal locations,
most commonly the femur (11.3%) and pelvic bones (11.4%).
Therefore, FNMH should also be considered in the differential
diagnosis of indeterminate marrow lesions occurring outside the
spine.

Table 1 highlights inconsistencies in the current literature for
accurately defining the SI characteristics FNMH. FNMH is
widely reported to show low T; SI compared to adjacent bone
marrow, but only a few articles comment on its SI compared to
skeletal muscle. Vande Berg et al stated that focal red marrow
shows lower T;W SI than yellow marrow, but higher than muscle
or intervertebral disc."’ A similar statement was made by
Hwang et al* who found it a useful distinguishing feature from
marrow infiltration. As most primary bone tumours and meta-
static deposits also show low T{W SI relative to marrow, confu-
sion may arise resulting in potential misdiagnosis. In the current
series, all lesions showed low T;W TSE SI relative to marrow, but
importantly all were isointense (22.2%) or hyperintense (77.4%)
to adjacent skeletal muscle as highlighted in Table 3. Only three
cases in Table 1 definitively report these Ty W SE SI characteristics
when compared to skeletal muscle. Therefore, we propose using
skeletal muscle as the internal standard for T;W SE SI reference.
This has been previously suggested as a reliable way of differenti-
ating marrow hyperplasia from marrow infiltration, with a high
sensitivity, specificity and accuracy.'” All lesions bar one showed
low T,W FSE SI compared to adjacent bone marrow. This is the
current T,W SI reference standard for marrow lesions, and we
propose this remains so. Table 1 also indicates varied STIR SI for

Figure 8. A 43-year-old male referred for further investigation
of a marrow abnormality identified in the left proximal femur.
(a) Axial W TSE and (b) post-contrast ;W TSE MR images
demonstrate a round lesion which is hyperintense to muscle
on 77 (arrow-a) and shows no enhancement following contrast
(arrow-b).

FNMH. In the current series, 58.5% of lesions were mildly hyper-
intense to marrow, while 40.7% were isointense and therefore not
visible. The reason for this variation is unclear, but one possibility
is that lesions with no increased STIR SI represent a more fibrotic
and less haematopoietically active form of FNMH. A few cases
exhibited very prominent STIR hyperintensity, perhaps being
more haematopoietically active. To the best of our knowledge,
there is no literature commenting on histological variations of
FNMH. Most MRI studies were performed externally on a 1.5T
scanner, with the majority of follow-up studies performed at
our institution on a 3T scanner. It is reported that imaging at
3T provides better contrast visualisation between normal and
abnormal marrow.'® As skeletal muscle is the internal refer-
ence standard for SI comparison, it can be used to differentiate
between infiltrative marrow, normal marrow and FNMH with
higher accuracy at 3T compared to 1.5T."®

The 'bull's-eye sign' refers to one or more foci of fat in the centre
of a hypointense bone lesion thought to be characteristic of
red marrow, reflecting the centrifugal pattern of red-to-yellow
marrow conversion.'” Alyas et al described FNMH in the spine
to be mainly within areas rich in red marrow (e.g., sub-cortical
and around the basi-vertebral vein), appearing slightly elon-
gated with a high T;W central spot and slightly fuzzy edges.?
In our series, only 3 of 31 FNMH vertebral body lesions exhib-
ited a definite central ‘bull's eye sign, questioning its value. The
majority showed varying amounts of inter-digitating yellow
marrow dispersed throughout the lesion rather than centrally.

Figure 9. A 71-year-old male being investigated for low back
pain. (a) Sagittal 7;W TSE MRI demonstrates an irregular lesion
in the L4 vertebral body (arrow). (b) Follow-up sagittal ;W
TSE MRI shows a stable appearance (arrow) after 23 months.
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Figure 10. A 36-year-old female being investigated for a
soft tissue mass in the left groin. (a) Coronal /W TSE MRI
demonstrates a small lesion in the right ischium (arrow). (b)
Follow-up coronal TYW TSE MRI shows conversion to fatty
marrow (arrow) after 44 months.

Figure 11. A 61-year-old female with previous cervical can-
cer who developed a lesion in T5. (a) T3W TSE and (b) axial
ToW FSE MRIs show a fairly well-defined intermediate-to-low
Sl lesion in T5 (arrows). Note the healed superior endplate
fracture (thin arrow-a). (c) FDG-PET study demonstrates
increased activity (arrow). (d) IP and (e) OP CSI showed only
7.8% Sl drop within the lesion (arrows). CT-guided needle
biopsy was therefore performed and demonstrated hyper-
plastic red marrow. The lesion remained stable over a period
of 27 months.

Rajakulasingam and Saifuddin

Figure 12. A 50-year-old male referred for investigation of a
lesion in the L1 vertebra. (a) Sagittal /W TSE and (b) axial
ToW FSE MRIs demonstrate a lesion in the left posterior third
of the vertebral body extending into the pedicle (arrows). The
S| characteristics are classical for FNMH. The lesion remained
stable over 6 months.

With regard to vertebral location, 12.9, 58.1 and 29% of all spinal
lesions where seen in the anterior, central and posterior thirds
of the vertebral body, respectively. This may be a useful finding
to aid differentiation of FNMH from metastatic lesions, which
tend to be located in the posterior aspect of the vertebral body
just anterior to the pedicle.®! Pedicle involvement is tradition-
ally considered an indicator of malignancy but was seen in 31%
of FNMH cases involving the posterior vertebral body. Peri-
lesional oedema was never seen, which is an important discrimi-
nator on T,W/STIR sequences between FNMH and osteoblastic
metastases. Such marginal oedema results in a ‘halo-target sign’
consisting of a hyperintense rim around a lesion of low SI on
T,W sequences, which is highly specific for osteoblastic metas-
tases.'” Conventional MRI sequences are also useful in analysing
lesion morphology. In the current series, most lesions were rela-
tively small with a mean maximal dimension of just under 2 cm.
Most were slightly poorly defined and oval/circular in shape. All
except three cases had slightly poorly defined margins. Sharp
margins have been attributed to advanced and well-established
marrow reconversion, and poorly defined margins if the recon-
version process is limited.”> Other than osteoblastic metastases,
the main differential diagnosis for FNMH on MRI includes atyp-
ical haemangioma and benign notochordal tumour (BNCT).
Atypical haemangioma can be differentiated based on T,W/STIR
SI characteristics, being hyperintense to marrow.”> Regarding
haemangiomas of the cases that had CT, none showed the typical
trabeculated/polka dot pattern.”> BNCT can also manifest mild
medullary sclerosis on CT, but typically exhibits homogeneously
low T/W and high T,W SI similar to nucleus pulposus, differing
from the described MRI SI characteristics of FNMH.?* Other
causes of focal medullary sclerosis include early-phase osteo-
blastic lymphoma and carcinoid metastases.”>*® Early-phase
osteoblastic lymphoma could manifest as mild sclerosis on CT,
mimicking atypical FNMH with a SI drop < 20% on OP CSI.
Thus, a further MRI in 6 months should be done ensuring no
change in the suspected lesion (Figure 13).
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Table 4. CT, bone scan, SPECT-CT and FDG-PET CT imaging characteristics of focal nodular marrow hyperplasia (FNMH)

CT (n=26) Bone scan (n = 8) SPECT-CT (n=4) FDG-PET CT (n=2)
Obvious 15 Increased uptake 3 Increased uptake 4 Increased uptake 2
medullary (57.7%) (37.5%) (100%) (one case SUV (100%)
sclerosis max 3.7)
Raised HU (ROI) 2
(7.7%)
No sclerosis 9 No uptake 5 No uptake 0 No uptake 0
(34.6%) (62.5%) (0%) (0%)

The Dixon technique has been available for over 20 years and
is of great value for the assessment of indeterminate marrow
lesions.”’ ™ Tt is based on CSI using IP and OP sequences to
quantify the amount of fat in a lesion as manifest by the degree
of SI drop between the sequences, a SI drop >20% at 1.5T on
OP images typically taken as the cutoff value indicating the pres-
ence of residual fat."*"** This is seen in marrow disorders which
contain residual marrow fat, such as marrow hyperplasia, bone
marrow oedema of any cause and atypical vertebral haeman-
giomas.”” Conversely, neoplastic marrow infiltration replaces
marrow fat and will show <20% SI drop on the OP images at
1.5T."*""* CSI was performed in 31 cases from the current series,
with 28 (90.3%) showing >20% SI drop on OP images, supporting
the diagnosis of FNMH due to its relatively high-fat content.
Douis et al'* described the use of CSI in 57 indeterminate spinal
lesions based on conventional spin echo MRI. Of these, 45 were
considered to be benign with approximately 50% confirmed
by histology, and the remainder appearing stable on follow-up.
Using a cut-off of 20% SI drop, CSI had a sensitivity of 91.7%,

Figure 13. Imaging algorithm for indeterminate marrow
lesions using MRI, chemical shift imaging and CT.

Indeterminate Marrow lesion

/N

Iso-hyperintense to muscle on TIW TSE Hypointense to muscle on TIW TSE;
surrounding bone marrow oedema

|

FNMH unlikely. Possible primary bone
tumour/metastasis > Consider biopsy

Probable FNMH

Repeat MRI
with CSlin 6/12

If CSI not available- repeat MRI
and localised CT in 6/12

T~

Size increase/aggressive features-not
FNMH > Consider biopsy

Sl drop <20%.
Localised CT

Sl drop >20%= FNMH Stable, size reduction or resolved=FNMH

No follow-up No follow-up

Could still be early osteoblastic
metastasis or lymphoma. Repeat
MRI in 6/12 to ensure no change.

specificity of 72.7% and overall accuracy of 82.5% in determining
a spinal lesion as benign. They also illustrated a case which had
classical conventional MRI features of FNMH showing 27.1% SI
drop on OP CSL

Similarly, Kohl et al'® analysed pelvic marrow lesions using CSI
compared to biopsy results, describing similar specificity, sensi-
tivity and diagnostic accuracy values to Douis et al. However,
only one biopsied case represented FNMH, and the specific
imaging characteristics were not reported. In the current study,
CSIwas used in 31 cases with all but three showing SI drop >20%
on OP CSI, the average SI drop being 48%. Of the three cases
that displayed SI drop <20% on OP CSI, two showed medullary
sclerosis on CT and one was associated with a healed benign
compression fracture. Van Vucht et al showed that CSI SI drop
on OP images can be unreliable in healing fractures and sclerotic
lesions, presumably due to the susceptibility effect of trabecular
bone.”?® As FNMH contains a variable amount of fat, CSI is an
ideal diagnostic technique, but we are unaware of any studies
specifically analysing the diagnostic accuracy of CSI for FNMH.
However, based on the current study, we propose that all inde-
terminate marrow lesions on conventional spin echo MRI should
be re-imaged with CSI and considered benign if the SI drop on
OP images is >20% whilst remaining stable on conventional SE
imaging at a 6-month interval (Figure 13). Lesions with features
suggestive of FNMH on conventional SE sequences but showing
SI drop <20% should have localised CT to assess for medullary
sclerosis. The combined information gained from CSI and CT
should be sufficient to confidently diagnose FNMH without the
requirement for needle biopsy. We have proposed an imaging
algorithm for diagnosing FNMH based on MRI, CSI and CT
appearances (Figure 13). This is currently the imaging pathway
for indeterminate marrow lesions in our institution.

Diagnosing a lesion as FNMH, especially in the setting of known
primary malignancy avoids unnecessary biopsy and/or surgery.
The literature review summarised in Table 1 showed that five
patients underwent avoidable or excessive surgical procedures
for lesions which turned out to be FNMH. The impact of misdi-
agnosis can therefore alter management significantly, especially
if the lesion is remote from the primary tumour site. CSI should
also avoid the need for serial imaging follow-up over many years,
which undoubtedly adds to patient anxiety and imaging burden
on the radiology department.

Almost two-thirds of cases imaged with CT showed evidence of
mild poorly defined medullary sclerosis. This is consistent with
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previous reports.'®*' Medullary sclerosis may contribute to the
reduced SI of FNMH seen on T,W TSE and STIR sequences, as
well as accounting for <20% SI drop on OP CSL.

All cases with SPECT-CT and whole-body FDG PET-CT showed
increased uptake. Bordalo-Rodrigues et al® and Shigematsu et al’
have described focal areas of red marrow in the spine showing
uptake on FDG PET-CT which has been attributed to glucose
transport up-regulation and metabolism in cells in regions of
FNMH. However, osseous metastases also show FDG PET-CT
uptake which can cause potential confusion. Shigematsu et al’
suggested that if the SUV™™ of a bone lesion was greater than
3.6, the lesion should be considered metastatic. In our series, one
case had a SUV™ of 3.7. Shigematsu et al® also described FNMH
as having no uptake on bone scintigraphy. However, almost all
cases that underwent CT showed sclerosis, and the authors state
that it is unclear why the lesions did not exhibit increased uptake.
Two of their cases showed restricted diffusion on MRI, and they
speculate that variations in the amount of intra-lesional cellu-
larity could account for differences in osteoblastic reaction, and
therefore *™Tc-MDP tracer uptake. Three of eight (37.5%) cases
in the current series showed increased uptake on bone scintig-
raphy, with two appearing sclerotic on CT. Thus, some FNMH
lesions appear 'cold’ while others are 'hot' on bone scintigraphy.
FNMH showing increased uptake on SPECT-CT is also reported,
with one case report using indium chloride tracer.'® Indium is a
known target for bone marrow but has traditionally been used
in bone scintigraphy rather than SPECT-CT. Iron radionuclides
are ideal physiologically but unsuitable given their high energy
radiation. Indium has a similar biological behaviour to iron, but
with more desirable energy characteristics making it suitable for
clinical use."

The current study has several limitations. The results are based
on a combination of review of imaging reports by senior

Rajakulasingam and Saifuddin

radiologists and re-review of imaging by a musculoskeletal
radiology fellow and therefore there was no inter-observer
correlation of imaging features. Moreover, the retrospective
nature has resulted in analysing many external MRI scans
referred for review in the musculoskeletal and spinal oncology
MDTM, with variable image quality and sequences. The
large number of external referrals illustrates the difficulty in
making the diagnosis of this benign lesion. However, a T\W
TSE, T,W FSE and STIR sequence were available in all cases.
A more significant limitation is that only one case had histo-
logical confirmation of FNMH, the remaining cases diag-
nosed by imaging alone based on comparison with previously
reported imaging features. However, this was supported by a
stable appearance in those lesions with a minimum of 6-month
follow-up, a criterion that has been used previously to define
the benign nature of an indeterminate marrow lesion.'*
Following the introduction of CSI at our institution, the addi-
tional finding of >20% SI drop on OP images was taken as
being diagnostic of FNMH when there were no other features
to suggest a diagnosis of atypical haemangioma. The combi-
nation of the above findings made it very difficult to justify
needle biopsy.

In conclusion, FNMH represents localised prominent hyper-
trophy of red marrow which can mimic a primary bone tumour
or metastasis. Unlike diffuse marrow hyperplasia, the imaging
features have not been previously well-documented. The
current series demonstrates that FNMH is fairly commonly
encountered in the setting of a musculoskeletal or spinal
oncology service and can occur in a wide variety of skeletal
locations. The conventional spin echo MRI SI characteristics
and morphology have been described, as have the appearances
on CT and various nuclear medicine techniques. Also, the
potential for CSI to confirm a diagnosis of FNMH due to its
relatively high-fat content has been emphasised.
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