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Bone damage, a late side effect of radiotherapy, occurs concurrently with the replacement
of fat cells in the bone marrow, causing changes in bone composition. Changes in composi-
tion can affect bone quality and disease states, and reduced bone mass can reduce quality
of life by increasing the risk of fractures. A 70-year-old woman presented to the orthope-
dic outpatient clinic with the chief complaint of lower-back pain. The patient reported no
history of trauma but was in great pain and had difficulty walking. Since the patient had
a history of pancreatic cancer, tumor-marker testing, bone scintigraphy, and dual-energy
computed tomography were performed. Although the tumor-marker levels were normal,
dual-energy computed tomography and bone scintigraphy revealed fresh compression frac-
tures of the L1 and L3 vertebrae. In addition, dual-energy computed tomography material-
discrimination analysis suggested high fat density in the L2 vertebral body. The patient had
received approximately 30 Gy radiation to the L2 vertebral body for her pancreatic cancer,
which resulted in fatty myelination in the bone. The diagnosis of fatty myelination is made
on T1-weighted magnetic resonance images; however, diagnosis remains challenging be-
cause of the difficulty in assessing bone morphology on magnetic resonance images. More-
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over, some patients are not candidates for magnetic resonance imaging. Dual-energy com-
puted tomography-based material-discrimination analysis can visually depict changes in
the bone marrow, and is a valuable diagnostic tool owing to its simplicity.

© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
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Introduction

Radiotherapy is a common treatment for cancer [1,2]. Local-
ized radiation is most commonly used for the treatment of
malignancies of the prostate, pancreas, rectum, cervix, and
endometrium. The effectiveness of radiotherapy, coupled with
advances in treatment modalities, early detection, prevention,
and cancer awareness, has dramatically improved patients’
quality of life and reduced mortality. However, concerns re-
garding the effects of radiation on the adjacent tissues such as
blood vessels and bone remain unresolved [3-5]. The changes
observed in the bone and bone marrow (BM) after radiother-
apy are similar to those in osteoporosis, including decreased
trabecular bone mass, increased BM adiposity, increased BM
CTX/TRAPS levels, and prolonged fracture healing time [2].
Radiation also decreases the number of hematopoietic and
skeletal stem cells in the BM [2,6]. These effects are depen-
dent on the radiation dose, and radiotherapy decreased bone
formation and promoted adipogenesis resulting in bone loss
in a mouse model [7].

Intraosseous fat and fat sheaths can be diagnosed us-
ing T1-weighted magnetic resonance (MR) images, which
show characteristic findings such as prolonged T1 relax-

A

- .
- -

ation time and high signal intensity with progression of
the fat sheath [8,9]. Other imaging modalities include com-
puted tomography (CT), which may show low absorption
of X-rays associated with bone beam phenomena; however,
CT may not provide sufficient data confirm the diagnosis
[8,10] . Dual-energy CT (DECT) uses X-rays with 2 differ-
ent energy levels to obtain two types of attenuation data.
Elements at different energy levels have unique attenua-
tion properties that allow the separation and quantification
of materials provided that their elemental composition is
known [11].

Additionally, a linear combination of any 2 substances
can represent the attenuation coefficient of either substance,
which is the principle of the material decomposition method
[12,13].

The basic substance in the material decomposition
method is called a substance base pair, and a variety of sub-
stances can be selected depending on the clinical problem
[13]. Using this method, the fat components can be selectively
imaged [11]. This allows clear visualization of the increased
fat components, which is not possible with single-energy CT
(SECT). This report illustrates the usefulness of DECT as a use-
ful clinical diagnostic tool for radiotherapy-induced fat myeli-
nation.

Fig. 1 - Bone scintigraphy findings. (A) frontal view. Whole-body bone scintigraphy shows accumulation of
radiopharmaceuticals due to compression fractures at L1 and L3 (black arrow) (B) SPECT image shows similar findings
(white arrow), with no abnormal accumulation observed at other sites.
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Fig. 2 - Sagittal DECT images showing fresh compression fractures in the L1 and L3 vertebrae. (A) 70 keV Bone image shows
wedge-like changes (white arrow) and increased permeability (red arrow) suggesting a decrease in bone trabeculae. (B)
Water/Calcium image shows increased water density in the vertebral body (white arrow) (C) Fat/Water image shows
elevated fat in the vertebral body (red arrow) suggestive of fatty degeneration.

Case report

A 70-year-old woman presented to the orthopedic outpatient
clinic with a chief complaint of lower-back pain. The patient
reported no history of trauma but had persistent pain on sit-
ting and standing, and she had difficulty walking because of
the pain. The patient had undergone preoperative chemora-
diotherapy (CRT) for pancreatic-head cancer 1 year prior to
presentation. After CRT, tumor shrinkage was observed, and
subtotal stomach-preserving pancreaticoduodenectomy was
performed. The patient had no other significant medical his-
tory. Therefore, bone metastasis from pancreatic cancer was
suspected, and tumor-marker testing, bone scintigraphy, and
radiography were performed. Because the patient had diffi-
culty with prolonged supine immobilization due to pain and
claustrophobia, MR imaging was not feasible.

Tumor-marker levels were normal, but bone scintigra-
phy showed accumulation in the L1 and L3 vertebral bodies
(Fig. 1). A compression fracture in the same area was sus-
pected on standard CT, but no cancer metastasis was ob-
served (Figs. 2 A and B). However, owing to defective bone
trabeculae within the L2 vertebral body, a detailed evaluation
was performed using DECT. Reconstruction of the material-
degradation images for fat/water suggested fat densification
in the L2 vertebral body (Fig. 2 C). Severe bone mineral density
loss was observed only in the L2 vertebral body (Fig. 3).

The L1 and L3 vertebrae had osteoporotic compression
fractures, and the L2 vertebral body was at high risk for
fracture due to fatty myelination secondary to radiotherapy
(Fig. 4). The patient was immediately started on medical ther-
apy with a human anti-RANKL monoclonal antibody prepara-
tion, denosumab.

Discussion

Radiotherapy, even at minimal local doses, can cause adverse
complications in adjacent organs, tissues, and blood vessels.
In the bone, radiation exposure affects the structure of the mi-
nor column by increasing osteoclast activity and decreasing
osteoblast activity, leading to a decrease in overall bone quan-
tity and quality. Radiation-induced bone damage occurs con-
currently with adipocyte infiltration into the BM, which may
further affect bone quality and disease status. Hematopoietic
cells also undergo radiation-induced apoptosis, which affects
the skeleton in a variety of ways. Bone loss increases the risk
of osteopenia, osteoporosis, osteonecrosis, and fractures and
reduces the quality of life. Therefore, it is important to mon-
itor intraosseous changes after radiotherapy to maintain the
patient’s quality of life. Fatty myelination can be diagnosed
using T1-weighted MR images. The loss of T1 signal in verte-
bral bone marrow is linked to the replacement of fatty mar-
row by edema or cellular tissue. SECT shows a decreased sig-
nal in the vertebrae; however, confirming fatty myelination is
difficult.

DECT uses X-rays with 2 different energy levels to differen-
tiate the structures of human body components based on the
attenuation characteristics associated with each energy level
[11,12]. In the material-decomposition method, the material is
selected according to the clinical problem.

Water and iodine are a pair of substances commonly used
in clinical practice, and water-weighted images are similar
to conventional CT images in that they represent the prop-
erties of water-like substances and are composed of low-
atomic-number elements. Iodine-weighted images represent
the properties of iodine-like substances (iodine and high-
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Fig. 3 - Results of the bone mineral density test using Dual Energy X-ray Absorptiometry The bone density is lower than the
average in young adults and in the same age group, and osteoporosis is suspected. However, only the L2 vertebra shows a
localized decrease in bone mineral density.
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Fig. 4 - Dose distribution images (A, sagittal; B axial) of pancreatic-head cancer radiotherapy The radiotherapy dose
distribution images show that 47.88 Gy was given in the green area, 35.28 Gy in the light blue area, and 25.20 Gy in the
orange area. A high dose was given in front of the L2 vertebral body.

atomic-number metals). These images show the degree of
iodine contrast and are used to diagnose conditions such as
pulmonary embolism [14,15].

In recent years, virtual noncalcium imaging has been
widely used in clinical practice to differentiate between bone
edema and hematoma [16,17] and to evaluate the components

of uric acid renal stones using effective atomic number imag-
ing [18]. Fat-density images can be generated using fat and
water as reference materials, and their usefulness in the di-
agnosis of fatty liver has been reported [19-21]. Furthermore,
BM adipose-tissue imaging has validated the accuracy of fat
detection [11].
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In this case, fat density-weighted images showed fatty
changes in the endosteal composition, which led to the diag-
nosis of a fatty medullary sheath.

DECT, similar to SECT, can evaluate cortical-bone morphol-
ogy and is a good alternative for patients who cannot undergo
MR imaging, such as this patient.

In conclusion, fatty myelin sheaths after radiotherapy in-
crease bone fragility and the risk of fracture. Therefore, early
detection of fatty components is important, and DECT can be
a valuable diagnostic tool not only to evaluate the bone cortex
but also to prevent the loss of quality of life due to compres-
sion fractures by identifying fatty components.

Patient consent

The patient provided permission to publish the details of his
case and for the future use and publication of his images, at
the time the images were obtained.
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