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Summary
Background: Multiple myeloma pathogenesis, pathology, symptoms and imaging techniques 
used in clinical diagnostic algorithm, the indications and the differences between currently 
available imaging methods. Design: The article describes advantages and disadvantages of 
basic X-ray imaging and recommended skeleton screening, as the method of first choice, 
followed by description of the most frequently affected areas and Mirels score. The present 
golden standard magnetic resonance (MR) imaging, its potential and also recommended MR 
indications. Concerning computer tomography (CT) imaging, mainly comparison between CT 
and MR and X-ray imaging its indications and benefits as the interventional instrument are 
mentioned. The arcticle also focuses on the role of skeleton scintigraphy with Tc-pyrophos-
phate, which is not recommended today, and the role of positron emission tomography with 
fluorodeoxyglucose (FDG-PET) in the assessment of the therapy effectiveness and prognosis 
for patients, its future and present limitations. The next commonly used radioisotope imaging 
with 99Tc-sestamibi (MIBI) and its comparison to other methods, especially to the FDG-PET 
and recommended indications for both techniques. Last aim is description of specification of 
bone tissue density with Dual Energy X-ray Absorption scanning method (DEXA). Conclusion: 
These imaging methods are commonly used as additional diagnostic tests in initial diagnostic 
work-up and in follow-up due to frequent relapses of multiple myeloma.
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Introduction
Multiple myeloma is a malignant disease 
with assumed malignant mutations on 
the level of B-lymphocytes, which pro-
liferate and mature into clonal plasmatic 
cells. In most cases, these cells produce 
monoclonal immunoglobulin, which may 
cause damage to the organism and fur-
ther produce multiple cytokines, which 
also contribute to the manifestations of 

the disease and, among other things, ac-
tivate osteoclasts and cause osteolysis.

The classical triad of symptoms inclu-
des fatigue, bone pain and recurrent in-
fections. The most frequent symptoms 
include back pain or pain in other parts 
of the skeleton, anemia in 70% of all 
cases, increased concentrations of crea-
tinine already as soon as the disease is 
diagnosed, and in 10–20% of patients 

hypercalcaemia in the diagnostic stage 
of the disease.

Multiple myeloma may also be mani-
fested by other symptoms (Tab. 1).

Individual patients may display one 
of the symptoms or any combination of 
multiple symptoms.

The purpose of this article is to analyse 
currently available techniques that are in-
formative about skeleton disorders [1–5].

Souhrn
Východiska: Patogeneze, patologie, příznaky a úloha zobrazovacích metod v klinickém a diagnostickém algoritmu mnohočetného myelomu. In-
dikace a rozdíly použití součastně dostupných zobrazovacích metod. Cíl: Článek popisuje výhody a nevýhody klasického rentgenového zobrazo-
vání a doporučovaného kostního screeningu, které je popisováno jako vstupní metoda volby, dále pak nejčastěji postižené oblasti a hodnocení 
dle Mirels. Představuje současný zlatý standard, kterým je magnetická rezonance (MR), její potenciál a také doporučované indikace. Co se týče 
výpočetní tomografie (CT), je zmiňováno zejména srovnání mezi CT a MR a rentgenovým vyšetřením, její indikace a výhody v podobě intervenč-
ního nástroje v případech, kdy je nutná histologizace. Článek rovněž popisuje úlohu scintigrafie skeletu s aplikací Tc-pyrofosfátu, která již v dnešní 
době není doporučována, a také roli pozitronové emisní tomografie s aplikací fluorodeoxyglukózy (FDG-PET) v hodnocení terapeutické účinnosti 
a prognózy onemocnění, její budoucí možnosti a součastné limity. Jiným dnes běžně používaným radioizotopem je 99Tc-sestamibi (MIBI), je dis-
kutováno jeho srovnání s ostatními metodami, zejména s FDG-PET a doporučované indikace obou technik. Poslední probíranou otázkou je mě-
ření kostní density pomocí skenovací metody Dual Energy X-ray Absorption (DEXA). Závěr: Uvedené zobrazovací metody jsou hojně využívaným 
doplňkovým diagnostickým nástrojem, jak v případě úvodní diferenciální diagnostiky, tak i, vzhledem k častým relapsům tohoto onemocnění, 
ve sledování pacientů s mnohočetným myelomem.

Klíčová slova
mnohočetný myelom – diagnostické zobrazovací metody – magnetická rezonance – pozitronová emisní tomografie – scintigrafie – výpočetní 
tomografie – indikace

Tab. 1. Symptoms of multiple myeloma.

Symptoms following from bone 
damage:

typical progressive backbone or long 
bone pain which may lead to pathologi-
cal fractures 

spinal compression based on extra
medular expansion – neurological  
symptoms of paraparesis or paraplegia 
in the case of spinal cord compression, or 
symptoms of nerve root compression

hypercalcaemia (polyuria, polydipsia, de-
hydration, peristaltic movement disor-
ders, nausea, conscience disorders)

cytokines produced by myeloma cells in-
duce focus or diffuse osteolysis

osteolytic foci or diffuse osteoporosis or 
a combination of the two

Symptoms following from blood 
changes:

anemia, thrombocytopenia, neutropenia 
and corresponding symptoms

hyper viscosity (headaches, epistaxis, 
gum bleeding)

symptoms of hypo- or hyper-coagulation 
(bleeding or thromboembolic incidents)

permanently high sedimentation of ery-
throcytes and total protein concentration

Symptoms following from 
immuno-suppression:

defect of functional B-cells and later  
T-cells and consequent frequent 
infections

potential damaging of the organism with  
monoclonal immunoglobulin, complete 
molecule or loose light chains, with indi-
vidual differences

myeloma nephropathy:
a) nitrogenous substance retention
b) nephrotic syndrome
c) tubular disorders

symptoms of amyloid deposits (nephritic 
syndrome, cardiac failure)

cryo-globulinemia 
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xyapatite; in some locations, even higher 
loss of hydroxyapatite (up to 60%) is 
needed for deposit visibility.

Another disadvantage of x-ray ima-
ging of the skeleton is represented by 
the fact that some parts of the skeleton 
are very difficult to assess on the basis of 
x-ray images (the sternum, the ribs, the 
shoulder blades). However, x-ray images 
cannot be used for bone density assess-
ment, and expression of the level of os-
teoporosis on the basis of x-ray images is 
very inaccurate [10,11].

In many cases, osteolytic pain is pre-
sent and yet the x-ray image of the pain-
ful location does not show any patholo-
gical finding. This situation indicates MR 
or CT imaging [12].

In most patients, osteolytic deposits do 
not heal even under conditions of com-
plete remission, which is why radiogra-
phic imaging cannot be used for confir-
mation of the patient’s  response to the 
applied therapy. But radiography can still 
be effectively used for discovery of new 
deposits indicating disease progression.

Recommended scope of skeleton 
screening for multiple myeloma:
•	 front-rear image of the breast;
•	 front-rear and lateral images of C, Th, L 

of the backbone;
•	 femoral, humeral and pelvis images;
•	 skull images;
•	 potential other areas of suspected 

occurrence unless covered by the 
above screening scope.

Distal sections of the skeleton, fore-
arm and shank are not usually imaged in 
the context of the screening, for depo-
sits in these areas are very rare.

MR Imaging
For early specification of the disease 
scope, magnetic resonance (MR) repre-

4% in the case of the score up to 7, 15% 
in the case of score 8 and 33% in the case 
of score 9 and higher. Score 9 is always 
an indication while score 8 is a boundary 
indication for preventive osteosynthesis.

Patients with a visible deposit in their 
x-ray image, even though still asympto-
matic, are patients with high risk of di-
sease progression towards symptoma-
tic disease with medial interval from 
a symptomatic deposit find to clinically 
manifested symptoms of bone damage 
of 8 months. That is why immediate the-
rapy commencement is recommended 
after first osteolytic deposit finding de-
spite absence of clinical symptoms. As 
an alternative to the radiotherapy of the 
lesions localized in spinal column must 
be always considered neurosurgical ap-
proach [8,9].

Even though the skeleton x-ray scre-
ening represents a  certain burden for 
the patient, effective substitution with 
all-body magnetic resonance imaging 
is not yet possible for capacity reasons. 
The benefits of the x-ray screening in-
clude quick obtaining of information 
about the condition of the skeleton. Dis
advantages include low sensitivity. De-
calcification deposit is only seen after 
disappearance of at least 30% of hydro-

Skeleton x-Raying
In the case of first suspicion, only the pa-
inful target area is x-rayed.

In the case of suspected multiple 
myeloma skeleton screening is recom-
mended [6]. About 80% of diagnosed 
myeloma patients show clear osteoly-
tic deposits in their diagnostic skele-
ton images. The most frequently affec-
ted areas include vertebrae (66%), ribs 
(45%), skull (40%) (Fig. 1), humeral 
bones (40%), pelvis (30%), long bones 
(25%) (Fig. 2). Exceptionally, other de-
posits may also be found in bones distal 
of the knee or the elbow joint. In case of 
long bones, the x-ray image may be the 
starting point for decisions about fur-
ther progression in the case of osteolytic 
defects of the bone pursuant to the Mi-
rels score [7] (Tab. 2). The patients with 
low scores can profit from radiotherapy, 
while patients with high scores may pro-
fit from orthopedic internal fixation. De-
posits distorting the cortical bone or de-
posits with diameter larger than 2/3 of 
the bone diameter soon cause  high per-
centage of pathological fractures, there-
fore representing an indication to pre-
ventive osteosynthesis.

Pursuant to Mirels, the probability of 
occurrence of pathological fracture is 

Tab. 2. Mirels score [7].

Score
1 2 3

location upper extremity lower extremity peritrochanteric area
pain mild moderate strong
deposit nature isteoplastic mixed osteolytic
deposit size < 1/3 of bone diameter 1/3–2/3 of done diameter > 2/3 of bone diameter 

Fig. 1. Osteolytic deposit in the skull in 
a front-rear x-ray image.

Fig. 2. Femoral osteolytic deposit on the 
right of the osteosynthetic material in an 
x-ray image of the pelvis.
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sits and change classification and the-
rapeutic procedure;

•	 MR imaging is recommended to focus 
on areas with suspected damage in 
multiple myeloma patients with am-
biguous or negative find in stan-
dard x-ray or CT images, for this exa-
mination provides complementary 
information;

•	 in the course of the disease progres-
sion, MR imaging is recommended for 
clarification of new symptoms unex-
plained by previous examinations;

•	 MR imaging is the optimum approach 
in case it is needed to prove vascular 
necrosis of femoral neck and head.

CT Imaging
CT images show mineral structure of 
hydroxyapatite more accurately than 
MR but their potential to show patholo-
gical soft tissue infiltration of the bone 
is lower than in the case of MR. They are 
still able to show extramedular propaga-
tion of myeloma, though.

Thanks to the high resolution level, 
CT can be effectively used for imaging 

substance – gadolinium. MR is also able 
to provide information about the type of 
damage to the bone marrow (focal, dif
fuse or a combination of the two).

Low mass of myeloma cells usually 
shows normal image while large mass 
often causes diffuse hypointense sig-
nal of T1 weighed imaging and diffuse 
hyperintense signal of T2 weighed ima-
ging with enhancement after applica-
tion of gadolinium.

The above-mentioned changes are 
not specific of myeloma; focal or diffuse 
changes may be variants of the standard 
condition or result from other patholo-
gical processes (iron or amyloid depo-
sits, or reactive hyperplasia of the bone 
marrow).

Therefore, the potential of MR ima-
ging of the skeleton is information 
about the level to which the skeleton is 
affected by the disease and about extra-
medular propagation of the disease. The 
results of MIR imaging show prognos-
tic value. For example, a finding of more 
than 10 deposits in the backbone consi-
derably increases probability of patholo-
gical fractures in this area.

Pathological infiltrations in MR images 
can be found long before occurrence of 
clear osteolytic deposits seen in x-ray 
images.

MR is able to distinguish compressive 
fractures developed as a  consequence 
of osteoporosis or pathological vertebral 
infiltration (Fig. 3) [13].

Changes in the bone marrow after 
treatment are hard to interpret, though, 
that is why skeleton MR is not usually 
used for assessment of therapy suc-
cess, but predominantly for specifica-
tion of the scope of bone and off-bone 
damage, at the diagnostic stage and in 
the case of suspected disease progres-
sion (Fig. 4) [6].

Recommended MR indications:
•	 acute MR imaging is the method of 

choice in the case of suspected spi-
nal cord compression in patients with 
multiple myeloma, even in cases when 
x-ray images do not show any visible 
compressive fracture;

•	 all-spine MR is necessary in patients 
with solitary plasmocytoma, for this 
examination can help find other depo-

sents the most progressive method. MR 
images show pathological infiltrations of 
the bone marrow and allow for their dis-
tinction from physiological bone marrow 
long before development of serious da-
mage to the mineral bone structure. Ty-
pical myeloma deposits return low sig-
nal intensity of T1 weighed imaging and 
high signal intensity of T2 weighed ima-
ging and STIR (short time inversion reco-
very) imaging and usually display an en-
hancement after application of a contrast 

Fig. 3. Multiple compressive fractures of 
thoracic vertebras in MR image, hyper-
singal-light – in the case of myeloma infil-
tration, dark in the case of osteoporosis.

Fig. 4. Infiltration of the sternum with 
myeloma in MR image.

Fig. 5. Osteolytic deposits of sternum 
manubrium in CT image.

Fig. 6. A smaller osteolytic deposit in  
a thoracic vertebra and rib head on the 
left in CT image.
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FDG-PET is able to provide informa-
tion about the scope of skeletal damage 
and at the same time information about 
potential extramedular (soft tissue) de-
posits. Extramedular deposit is a  very 
unfavorable prognostic factor. Findings 
of duplicate malignity represent an oc-
casional unpleasant surprise.

Reported limitations of FDG-PET in-
clude poor imaging of subcentimeter 
deposits of myeloma cells.

FDG-PET imaging may be used for as-
sessment of effectiveness of radiothe-
rapy in the case of large solitary plas-
mocytomas. Ongoing post-therapy 
activities signal unfavorable prognosis 
and insufficiently effective treatment. 
Some authors have described assess-
ments of effects of cytostatic therapies 
and favorable prognoses in patients 
with normalization of the originally pa-
thological finding by FDG-PET.

Ongoing positivity of PET after com-
pletion of high-dose chemotherapy cor
related with unfavorable prognoses for 
these patients [21]. Assessment of di-
sease progression with FDG-PET is not 
widespread, only being indicated in pa-
tients with non-secretory or oligo-secre-
tory myeloma.

Although FDG-PET has been used in 
myeloma patients for several years now, 
its indications have not been clearly de-
fined yet. Planning of FDG-PET should 
respect the recommended interval of 
4 weeks after last chemotherapy and  
3 months after last radiotherapy [6]. In 
the case of tumors not showing inten-
sive PET activity, including multiple mye-
loma, a delay after surgery is recommen-
ded for tissue healing may produce false 
positive results.

FDG-PET examination is a  method 
used selectively; its accurate indication 
in the case of multiple myeloma is still in 
progress.

Nowadays, the PET scan is substitu-
ted by the PET/CT scan, while PET scan 
is becoming an abandoned method. The 
PET/CT scan combines PET metabolic in-
formation and CT morphologic informa-
tion. The new generation of used PET 
scanners (in PET PET/CT) already allows 
to identify lesions smaller than 7 mm, 
shortens the scan time by more than 
half, and the CT data are not used only 

•	 ambiguous findings in standard x-ray 
images, suspect deposits in areas of 
skeleton which cannot be clearly ima-
ged by radiographic methods, such as 
ribs, sternum and scapula (Fig. 6);

•	 symptoms of bone damage in the case 
of completely negative standard radio
graphy, where CT image can show 
what is not visible on a standard x-ray 
image;

•	 CT is also recommended in the case of 
suspect soft tissue infiltration, specifi-
cation of its scope and the need for CT 
navigated biopsy of the tissue;

•	 monitoring of the disease activity is 
not recommended with the exception 
of monitoring of extramedular mye-
loma masses;

•	 in the course of the disease progres-
sion, CT is indicated in the case of 
unexplained symptoms, suspected di-
sease progression with suspected new 
fracture.

Skeleton Scintigraphy with Tc 
Pyrophosphate
Standards scintigraphy of the skeleton 
is based on proven deposits with in-
creased intensity of mineralization and 
settlement of applied technetium py-
rophosphate. Imaging of malignant de-
posit with technetium pyrophosphate is 
therefore conditioned by the presence 
of osteoneogenesis.

As active osteolysis and no or mini-
mal osteogenesis are typical of bone 
deposits of multiple myeloma, detec
tion of multiple myeloma deposits in 
the skeleton show lower sensitivity 
than detection with standard x-ray ima-
ging [6,18].

Standard scintigraphy of the skele-
ton sometimes shows deposits in the 
rib, scapula or sternum areas; imaging 
of these bones with standard x-ray ima-
ging usually show poor results [19], but 
CT is more sensitive. That is why skeleton 
scintigraphy in myeloma patients is not 
recommended today.

Positron Emission Tomography 
with Fluorodeoxyglucose
Positron emission tomography with flu-
orodeoxyglucose (FDG-PET) or PET-CT 
represents a great benefit for specifica-
tion of the scope of disease effects [20].

of small lytic deposits not clearly seen in 
standard x-ray images.

For this high resolution feature, CT is 
recommended for clarification of ambi-
guous changes shown by standard x-ray 
images. Also, in the case of pain in a par-
ticular part of the skeleton without visi-
ble pathology in a standard x-ray image, 
CT may help. CT is also the method of 
choice for imaging of parts of the skele-
ton which cannot be well visualized by 
standard x-ray images, such as shoulder 
blades, ribs and sternum (Figs 5–7).

CT also allows for execution of targe-
ted percutaneous puncture of the bone 
marrow from vertebrae or other structu-
res for diagnostic purposes. This proce-
dure is the optimum method in cases of 
clear pathological finding in one or more 
vertebrae when trepanobiopsy of the 
hip bone blade did not show malignant 
infiltration and the patient has no visible 
tumor of the lungs or breast. Timely ta-
king of a histological sample from a pa-
thological deposit is ’a lege artis’ proce-
dure, while the frequently performed 
search for the primary leasion only 
means loss of time [6,12,14–17].

Recommended CT Indications:
•	 suspected spinal cord compression 

in cases when MR imaging cannot be 
performed (magnetic metal in the pa
tient’s body or patient’s claustrophobia);

•	 spinal CT for clarification whether ver-
tebral destruction is present or not in 
case of pain, including case of nega-
tive MR of this area;

Fig. 7. MR image shows myeloma depo-
sits in two medial ends of ribs on the left 
(the same patient as in the case of Fig. 6).
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confirmed that MIBI catching correlates 
with other parameters of the disease [6].

Comparisons of x-ray, MIBI and MR 
imaging of the spine have shown that 
the scope of effects of the disease on the 
spine in MIBI images was lower than in 
the case of MR imaging, but the overall 
effects on the skeleton shown by MIBI 
images were more extensive than in the 
case of x-ray imaging [26,27].

Comparisons of PET and MIBI ima-
ging have shown that MIBI images were 
able to detect deposits not visible in 
x-ray images, and the number of de-
tected deposits was higher than in the 
case of FDG-PET. MIBI activity better cor
related with the number of plasmocy-
tes in the bone marrow than in the case 
of FDG-PET imaging [28]. Interpretation 
of MIBI images should consider the fact 
that MIBI shows presence of myeloma 
deposits while FDG-PET shows activity 
of the cells of these deposits. The study 
comparing PET/CT and MIBI shows that 
18F-FDG PET/CT appeared to be a bet-
ter imaging technique than 99mTc-MIBI 
scintigraphy in the detection of focal 

On principle, the PET/CT scan can be 
also done without non-FDG radiotracers.

On the basis of increased 11C-Me-
thionine uptake in plasma cells, ac-
tive multiple myeloma can be ima-
ged with 11C-Methionine PET/CT [25]. 
Also 11C-Choline PET/CT appears to be 
more sensitive than 18F-FDG PET/CT 
for the detection of bony myelomatous 
lesions [25].

Radioisotope Imaging with  
99Tc-sestamibi (MIBI)
Another commonly used radioisotope 
imaging method uses imaging with se-
stamibi substance, abbreviated as MIBI 
(99mTc-methoxy-isobutyril-isonitril), 
marked with radioactive technetium. 
Sestamibi is a substance accumulating, 
among other places, in mitochondria, 
which are more frequent in myeloma 
cells than in the surrounding structu-
res. That is why MIBI allows for imaging 
of the size of multiple myeloma and fin-
ding potential extramedular deposits. 
Results of frequent studies testing MIBI 
imaging of multiple myelomas have 

for attenuation correction, but bring dia
gnostic information as well. In case of 
myeloma CT scans mainly in LD (low-  
-dose) regime are enough for identifying 
skeletal lesions. HDCT – high-dose CT is 
less common and considering the risks 
with myeloma patients, the use of iodine 
contrast medium is also rather rare.

Both FDG-PET in combination with 
low-dose CT and whole-body MRI are 
more sensitive than skeleton X-ray in 
screening and diagnosing multiple mye-
loma. WB-MRI allows assessment of 
bone marrow involvement but cannot 
detect bone destruction, which might 
result in overstaging. Moreover, WB-MRI 
is less suitable in assessing response to 
therapy than FDG-PET. The combination 
of PET with low-dose CT can replace the 
golden standard, conventional skeletal 
survey. In clinical practice, this will result 
in upstaging, due to the higher sensiti-
vity [22].

PET/CT allows identification of high-risk 
myeloma patients, and extramedullary le-
sions with the highest SUV (max) – maxi-
mum standardized uptake value [23].

Fig. 8. FDG PET/CT, MIP: therapy response monitoring.
Left: baseline, multiple lesions with high FDG uptake generalized in skeleton.
Middle: lesion disappearance, one remaining (in left femoral cervix).
Right: multiple lesions with high FDG uptake in skeleton have appeared again which shows evidence of progression.
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phy in untreated stage III multiple myeloma: comparison 
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struction and marrow failure. It is very 
sensitive to treatment and typically re-
lapses, that is why not only the initial 
diagnostic work-up, but also an early 
diagnostics in follow-up are so impor-
tant. Next to laboratory tests, the role of 
imaging methods is additional; however, 
concerning the quality of life of the pa
tient, it is very useful. In clinical indica
tions for follow-up, we use especially 
MRI, CT or PET/CT scan.
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lesions in patients with symptomatic 
multiple myeloma. 99mTc-MIBI was su-
perior in the visualization of diffuse di-
sease. On the other hand, despite its li-
mited capacity in detecting focal lesions,  
99mTc-MIBI scintigraphy still remains 
the most rapid and inexpensive techni-
que for whole-body evaluation and may 
be an alternative option when a PET/CT 
facility is not available [10].

Recommended Indications for  
FDG-PET and MIBI Imaging:
•	 solitary plasmocytoma – finding of 

other deposits may change classifica-
tion and therapeutic procedure;

•	 suspect extramedular spread of mye-
loma masses, unless MR imaging is 
performed;

•	 assessment of therapy of deposit plas-
mocytomas of large sizes (diameter  
> 5–10 cm), which often poorly res
pond to therapies;

•	 neither FDG-PET nor MIBI are recom-
mended in the course of therapies for 
routine use with all patients. They are 
only recommended for the selected 
group of patients with non-secretion 
or extramedular multiple myeloma.

Specification of Bone Tissue Density 
with DEXA (Dual Energy x-Ray Absorp-
tion Scanning) Method.

DEXA is a standard procedure for me-
asurement of the level of osteoporosis. 
Low density of lumbar vertebrae increa-
ses the risk of pathological fractures. Ne-
vertheless, the found density depends 
on spondylosis, osteophytes and com-
pressive vertebral fractures. That is why 
the assessment of results in patients 
with myeloma is more difficult.

Conclusion
Multiple myeloma is a  malignant neo-
plasm of plasma cells that accumulate 
in the bone marrow, leading to bone de-


