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TO
PICS TO

 BE DISCU
SSED

•
O

ptical im
aging

•
M

icro CT

•
W

hole body M
RI

•
Advanced M

RI techniques



M
EDICAL O

PTICAL IM
AG

IN
G

•
The use oflightas an investigationalim

aging
technique form

edicalapplications. 

•
Exam

ples include
optical m

icroscopy,spectroscopy,endoscopy,scanning laser 
ophthalm

oscopy,laser Doppler im
aging, and

optical coherence tom
ography. 

•
O

ptical im
aging system

s m
ay be divided into diffusive

and ballistic im
agingsystem

s.



DIFFU
SE O

PTICAL IM
AG

IN
G

 (DO
I)

•
M

ethod of im
aging using

near-infrared spectroscopy
(N

IRS)or 
fluorescence-based m

ethods

•
The technique has m

any applications to neuroscience, sports 
m

edicine, w
ound m

onitoring, and cancer detection. 

•
Typically DO

I techniques m
onitor changes in concentrations of 

oxygenated and deoxygenated
hem

oglobin



APPLICATIO
N

 IN
 RH

EU
M

ATO
LO

G
Y

•
Valid detection of arthritis in differential diagnosis of joint pain. 

•
Indocyanin

green (ICG)-enhanced fluorescence optical im
aging (FO

I) is a new
 im

aging m
ethod that 

visualizes inflam
m

ation in w
rist and finger joints. 

•
Dependent on the phase evaluated, m

oderate to good agreem
ent w

ith clinical exam
ination and 

US. 

•
N

o valid study/data available to com
pare it w

ith M
RI as the gold standard for assessm

ent of 
arthritis

•
FO

I is currently available for exam
ination of hands and w

rists only



ARTH
RITIS RESEARCH

 &
 TH

ERAPY (2017) 19:233 



M
ICRO

 CO
M

PU
TED TO

M
O

G
RAPHY

O
R "M

ICRO
-CT"

•
x-ray im

agin
g

in 3D, by the sam
e m

ethod used in hospitalC
T

scan
s, but on a 

sm
all scale w

ith m
assively increased resolution. 

•
It really represents 3D m

icroscopy
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M
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 (TB. SP, M
M
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CTU

RE 
M

O
DEL IN

DEX (SM
I), TRABECU

LAR N
U

M
BER (TB.N

, M
M

 1), AN
D DEG

REE O
F AN
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TRO

PY (DA). 



W
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 RH
EU
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ATO

LO
G

Y

C
u

rre
n

t an
d

 P
o

te
n

tial In
d

icatio
n

s 

✓
Seronegative

rheum
atologic disease 

✓
Aseptic m

ultifocal osteitisrelated to SAPHO
 (synovitis, acne, pustulosis, hyper-ostosis, 

osteitis) syndrom
e



W
H

O
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DY M
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LS FO
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N
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G
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M
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G
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M
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U

M
BER 2—

M
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W
H

O
LE BO

DY M
RIVS DEDICATED M

RI

•
In arthritis of the axial skeleton, w

hole-body M
R im

aging perform
s as w

ell as M
R im

aging dedicated to 
the lum

bar spine and pelvis for lesion detection

•
extends the screening to additional sites of disease activity, in the thoracic spine and w

all, pelvic and 
shoulder girdles, and peripheral enthesesand joints. 



33-YEAR-O
LD M

AN
 W

ITH
 A 1-YEAR H

ISTO
RY O

F IN
FLAM

M
ATO

RY PAIN
 

RADIO
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M
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U
M
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M
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W
hole body M

RI
Lum

bar and SIJ M
RI



Q
U

AN
TITATIVE M

RI (Q
M

RI) AS Q
U

AN
TITATIVE 

IM
AG

IN
G

 BIO
M

ARKERS (Q
IB)

•
M

easurem
ent of particular physical tissue characteristics, such as cellularity, diffusion, perfusion and fat 

content, in cartilage, synovium
and bone. 

•
The ability of qM

RItechniques to m
easure specific tissue characteristics (potentially independent of the 

hardw
are and softw

are used to acquire the im
ages) qualifies these m

easurem
ents to be used as 

quantitative im
aging biom

arkers (Q
IBs) 

•
Sullivan et al. define a Q

IB as ‘a
n

 o
b

jectively m
ea

su
red

 im
a

g
ed

 ch
a

ra
cteristic d

erived
 fro

m
 a

n
 in

 vivo
 

im
a

g
e a

s a
n

 in
d

ica
to

r o
f n

o
rm

a
l b

io
lo

g
ic p

ro
cesses, p

a
th

o
lo

g
ica

l p
ro

cesses, o
r resp

o
n

se to
 a

 
th

era
p

eu
tic in

terven
tio

n
’ 



ADVAN
TAG

ES

•
The Q

IB fram
ew

ork enables 

✓
Rigorous evaluation and/or validation of im

aging m
ethods (substantial body of literature that can guide 

the validation process) 

✓
Statistical approaches for m

easuring the accuracy, precision (including repeatability and reproducibility), 
biological validity and ultim

ately clinical utility of candidate Q
IBs are w

ell-described

✓
M

easurem
ents can be com

pared betw
een scanners, betw

een different hospitals and across tim
e 

points, and therefore offer greater objectivity than im
age assessm

ent using conventional M
RI. 

✓
This can reduce the subjectivity associated w

ith conventional M
RI assessm

ent and visual scoring 
approaches com

m
only used in research 

✓
Further, the use of num

eric data in qM
RIm

aps can support autom
ation and m

achine learning 
approaches to im

age analysis 



DISADVAN
TAG

ES

•
Availability

•
Expensive

•
Technically challenging

•
Lack of adequate experience in technicians, radiologists and clinicians



Q
U

AN
TITATIVE M

RI TECH
N

IQ
U

ES U
SED IN

 
M

U
SCU

LO
SKELETAL IM

AG
IN

G
 

•
Diffusion w

eighted im
aging (DW

I)

•
Dynam

ic contrast enhanced im
aging (DCE-M

RI)

•
T1rho im

aging 

•
T1rho (T1ρ) 

•
Delayed gadolinium

-enhanced M
RI of cartilage 

•
T2 relaxation tim

e m
apping 

•
Fat-W

ater M
RI 

•
Ultra-short echo tim

e and zero echo tim
e 



DIFFU
SIO

N
-W

EIG
H

TED IM
AG

IN
G

 (DW
I)

•
Q

uantifies the freedom
 of w

ater diffusion in tissue. 

•
Follow

ing acquisition of im
ages w

ith m
ultiple diffusion w

eightings (b-values), a signal m
odel 

is fitted to the acquired data, allow
ing estim

ation of the diffusion coefficient for the tissue. 

•
The diffusion coefficient gives an indication of the freedom

 w
ith w

hich w
ater m

olecules 
diffuse. 

•
Tissue diffusion is typically estim

ated using a sim
ple m

onoexponentialm
odel w

ith a single 
‘apparent’ diffusion coefficient (ADC). 

•
ADC m

easurem
ents provide a useful ‘sum

m
ary’ m

easure of tissue diffusion



LIM
ITATIO

N
S

•
Relatively low

 spatial resolution 

•
Low

 signal-to-noise ratio

•
The reproducibility of ADC m

easurem
ents betw

een different scanners and w
ithin patients is 

also relatively poor. 
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AS CO
M
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 SYN

O
VIU

M
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TH
E PO

ST-CO
N
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AG

E (C) SH
O

W
S SYN

O
VIAL U

PTAKE O
F CO

N
TRAST AG

EN
T

(IM
AG

E FRO
M

 LI 2019, W
O

RLD J PEDIATR. 2019). 



DYN
AM

IC CO
N

TRAST-EN
H

AN
CED M

RI (DCE-M
RI)

•
A

m
ethod for m

easuring tissue perfusion, relying on the acquisition of rapidly repeated 
im

ages during intravenous adm
inistration of gadolinium

-based contrast agent (GBCA). 

•
Changes in signal intensity over tim

e are analysed
to derive m

aps of specific ‘m
icrovascular’ 

param
eters. 

•
The descriptive or heuristic m

ethod, describes the shape of the signal intensity curves of 
contrast enhancem

ent over tim
e w

ithin the tissue of interest 



DCE-DERIVED TIM
E IN

TEN
SITY CU

RVE SH
APE M

APS O
F TW

O
 PATIEN

TS W
ITH

JIA. 
-TH

E FIRST PATIEN
T DEM

O
N

STRATED ACTIVE SYN
O

VIAL IN
FLAM

M
ATIO

N
 AN

D TH
E DCE M

RI O
F TH

IS PATIEN
T 

SH
O

W
S AN

 IN
CREASED N

U
M

BER AN
D PERCEN

TAG
E O

F TIC-4 SH
APES 

-TH
E SECO

N
D PATIEN

T, W
H

O
 H

AS N
O

 SYN
O

VIAL IN
FLAM

M
ATIO

N
 O

N
 M

RI. 
(FRO

M
 H

EM
KE

2014, EU
RO

PEAN
 RAD

IO
LO

GY). 



DELAYED G
ADO

LIN
IU

M
-EN

H
AN

CED M
RI O

F CARTILAG
E (DG

EM
RIC) 

•
Q

uantifies the com
position of cartilage, particularly w

ith respect to glycosam
inoglycans

(GAGs). 

•
Follow

ing intravenously adm
inistered negatively-charged anionic contrast agent (Gd-DTPA), 

contrast diffuses into cartilage in a dose-dependent m
anner but uptake is inhibited by the 

presence of GAGs, w
hich are negatively charged. 

•
Thus, uptake of contrast is inversely related to GAG density. 

•
In healthy cartilage, GAGs are abundant. 

•
In GAG-depleted joints, such as those affected by arthritis, the net charge of the cartilage 
m

atrix increases, and contrast uptake increases.

•
T1 relaxation tim

e can be used to calculate the rem
aining cartilage GAG concentration 

expressed as the dGEM
RIC

index; a shorter dGEM
RIC

index indicates cartilage dam
age. 
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LIM
ITATIO

N
S

•
The delay betw

een injection of the contrast agent and the tim
e of optim

al im
aging is long, 

substantially prolonging standard im
aging protocols. 

•
The optim

al tim
e interval for im

aging is unknow
n and delays of betw

een 30 and 120 m
in have 

been described and it is likely that the interval influences the dGEM
RIC

index. 

•
Exercise probably accelerates cartilage uptake of contrast, but the size of this effect is 
unknow

n. 

•
Finally, there are no studies correlating the histopathologicalcartilage com

position w
ith 

dGEM
RIC

values in rheum
atic diseases. 
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