
  1Bloem JL, et al. RMD Open 2018;4:e000728. doi:10.1136/rmdopen-2018-000728

Viewpoint

MR signal intensity: staying on the 
bright side in MR image interpretation

Johan L Bloem,1 Monique Reijnierse,1 Tom W J Huizinga,2 
Annette H M van der Helm-van Mil2

To cite: Bloem JL, Reijnierse M, 
Huizinga twJ, et al. MR 
signal intensity: staying on 
the bright side in MR image 
interpretation. RMD Open 
2018;4:e000728. doi:10.1136/
rmdopen-2018-000728

 ► prepublication history for 
this paper is available online. 
to view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ 10. 1136/ rmdopen- 
2018- 000728).

Received 17 May 2018
Revised 7 June 2018
Accepted 11 June 2018

1Department of Radiology, 
Leiden University Medical 
Center, Leiden, the netherlands
2Department of Rheumatology, 
Leiden University Medical 
Center, Leiden, the netherlands

Correspondence to
professor Annette H M van der 
Helm-van Mil;  
 a. h. m. van_ der_ helm@ lumc. nl

Imaging

© Author(s) (or their 
employer(s)) 2018. Re-use 
permitted under CC BY-nC. no 
commercial re-use. See rights 
and permissions. published 
by BMJ.

AbstrAct
in 2003, the nobel prize for Medicine was awarded 
for contribution to the invention of MRi, reflecting the 
incredible value of MRi for medicine. Since 2003, 
enormous technical advancements have been made in 
acquiring MR images. However, MRi has a complicated, 
accident-prone dark side; images are not calibrated and 
respective images are dependent on all kinds of subjective 
choices in the settings of the machine, acquisition 
technique parameters, reconstruction techniques, data 
transmission, filtering and postprocessing techniques. the 
bright side is that understanding MR techniques increases 
opportunities to unravel characteristics of tissue. in this 
viewpoint, we summarise the different subjective choices 
that can be made to generate MR images and stress the 
importance of communication between radiologists and 
rheumatologists to correctly interpret images.

Advanced imaging modalities are increas-
ingly used because of its capacity to measure 
inflammation more sensitive than physical 
examination and structural damage more 
sensitive than radiographs. MRI has important 
advantages; in terms of imaging, it is the only 
modality depicting bone marrow oedema 
(BME). Scientific methodological advantages 
of MRI are the presence of validated scan and 
scoring protocols, the little operator depen-
dency and the possibility that scans can be 
scored by different (blinded) observers.

The use of MRI In RheuMaTology
MRI is increasingly used, for instance, in 
patients with (suspected) spondyloarthitis 
(SpA) or rheumatoid arthritis (RA). It is role 
is most prominent in SpA, where MRI-de-
tected sacroiliitis is part of the Assessmentin 
Spondyloarthritis International Society classi-
fication criteria.1 2 Sacroiliitis is earlier detect-
able with MRI than with radiographs, and 
therefore, the performance of MRI contrib-
utes to earlier classification of patients. 
Although classification criteria are not devel-
oped as an aid in the diagnostic process and 
the value of MRI is demonstrated in light of 

classification criteria, its use has expanded 
to regular care. MRI also has a role in scien-
tific studies in RA. MR images are frequently 
used as outcome measure in clinical trials 
now that clinically relevant radiographic 
joint damage has become infrequent. The 
use of MRI-detected synovitis to assess the 
extent of joint inflammation is incorporated 
in the 2010 EuropeanLeague Against Rheu-
matism/AmericanCollege of Rheumatology 
classification criteria for RA.3 Although there 
are no evidence-based guidelines for the use 
of MRI in the diagnostic process of RA, there 
is increasing evidence that MRI is valuable in 
the prognostication of patients withClinically 
Suspect Arthralgia.4 Thus rheumatologists 
will see more and more MR images and tend 
to consider an MR image and MR protocols as 
stable as a conventional X-ray. However, this 
assumption is incorrect.

foCus of ThIs vIewpoInT
Creating an MR image is a complicated 
process that depends on tissue character-
istics of the patient including flow and 
motion, MR machine parameters and envi-
ronmental factors. Some basic knowledge 
on these concepts will be discussed as this is 
required to stay on the bright side of MRI, 
using its potential to its fullest, and avoiding 
the dark side with flaws in interpretation of 
images.

Our objective is to provide some practical 
MRI concepts that are useful in daily clinical 
practice. We will demonstrate that the concept 
of T1-weighting and T2-weighting is useful 
but too simplified. Some basic knowledge on 
the many mechanisms that have an impact on 
image appearance has to be added to this T1 
and T2 concept to avoid major pitfalls.

Other elements, namely tissue charac-
teristics and environmental issues that are 
addressed at installation (like absence of 
distortion of the magnetic field by nearby 
elevators or trains, absence of radiofrequency 
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contamination and absence of motion of the MR system), 
are beyond the scope of this viewpoint.

whaT Is needed foR an MR IMage?
An MR system is placed in a room shielded from external 
magnetic fields and radiofrequency contamination and 
consists of a wire system to conduct electricity creating 
the magnetic field. In the typically used superconducting 
MR systems, this wire system is placed in a container filled 
with liquid He at a temperature of −269°C, to produce 
superconductivity of the wire and thus a permanent 
magnetic field. A gradient system consisting of gradient 
coils allows spatial encoding by controlled variation 
of the magnetic field. Rapid switching of these coils is 
responsible for the mechanical noise during the MR 
exam. Radiofrequency coils emit (and receive) radiofre-
quency waves that are used to create images by changing 
the energy status of nuclei of H atoms. The coils collect 
signal from the patient. Because this signal, and therefore 
image quality, is much better if the coil is small and close 
to the tissue imaged, special dedicated coils are used for 
specific anatomical parts like hands and feet. Magnetic 
field strength (expressed in Tesla), homogeneity of the 
field, amplitude and speed of the gradient system, quality 
and type of coil, and method of data transmission and 
handling are hardware specifications that determine 
the quality of an MR system. In the clinical setting, MR 
machines, ranging between as low as 0.2–0.6 T to 3 T, 
are used. In addition to whole-body systems, dedicated 
extremity scanners exist which have specific advantages 
(low cost) and disadvantages (low field, small field of view 
not allowing imaging of a hand in one acquisition, long 
scan times).

whaT Is done To CReaTe an MR IMage?
The chain of events leading to an MR image consists 
of aligning the magnetic property of protons in tissue 
imaged parallel to a homogeneous magnetic field, 
applying radiofrequency pulses to alter the status of these 
protons, encoding the space in the three coordinates X, 
Y, Z by applying gradients to create local differences in 
magnetic field, sampling radiofrequency signal emitted 
by the protons after termination of applying the radiofre-
quency waves, transferring these data to a domain called 
K-space and performing a mathematical reconstruction 
to create an image. The image is a digital image consisting 
of voxels (volume elements) each with a number that are 
displayed in two-dimensional pixels (picture elements) 
with a level of grey. The size of these voxels and pixels 
determines sharpness and noise in the image. It is essen-
tial to realise that these numbers are relative and not abso-
lute values. This is different from the numbers used to 
create a CT image because these are calibrated so that 
water is 0 Hounsfield units.

The signal intensity on an MR image is governed by 
many factors including MR hardware, tissue characteris-
tics (such as T1 and T2 relaxation times, proton density, 

flow and motion), type of pulse sequence, method of 
K-space filling, reconstruction algorithm and display of 
grey scale. We will now show a few examples of common 
misconceptions in these categories that may cause 
mistakes in image interpretation.

InfluenCe of pulse sequenCes; pRoTon densITy, T1-
weIghTed and T2-weIghTed ConTRasT
After the patient’s protons are aligned in the main 
magnetic field by placing the patient in the magnet, a 
so-called pulse sequence is applied to cause these protons 
to emit radiofrequency waves on returning to their base-
line status from before the pulse sequence was admin-
istered. The well-known T1 and T2 relaxation times 
describe this process and are tissue-specific parameters. 
The type of pulse sequence and its particular param-
eters govern the expression of the tissue parameters in 
the MR image. Therefore, the terms T1-weighted and 
T2-weighted images are frequently used. In addition to 
tissue, the T1 and T2 relaxation times also depend on 
magnetic field strength. This means that images obtained 
with identical pulse sequences at different field strengths 
will exhibit different features.

Typically structures with fat have high signal intensity (ie, 
are white) on T1-weighted images and exhibit a relatively 
low signal intensity on T2-weighted images (ie, are dark). 
Tissue with a relatively large fraction of water (inflamma-
tory tissue, BME, synovial fluid) will mirror this and typi-
cally display a low-signal intensity on T1-weighted images 
and a high-signal intensity on T2-weighted images. There 
are however many exceptions to this rule of thumb. One 
of these is related to protons. If protons are fixed (cortical 
bone), or are fixed in molecules that are too big to reso-
nate (cholesterol in xantoma’s), the signal intensity will be 
extremely low (black) on all pulse sequences. Flow within 
vessels is second parameter to take into consideration; it 
will be dependent on velocity, turbulence, direction of flow 
and details of the pulse sequence be bright or dark inde-
pendent of T1 and T2 weighting. A third parameter is the 
type of pulse sequence. Currently, fast spin echo (FSE), also 
called turbo spin echo, is the main type allowing high-reso-
lution time-efficient scanning. Because fat has a high-signal 
intensity similar to fluid on fluid-sensitive FSE (figure 1), fat 
suppression (FS) techniques are normally used. Gradient 
echo (GE) sequences are faster, but have the disadvantage 
of image distortion due to sensitivity to field inhomoge-
neity and limited image contrast. To express this sensitivity 
to field inhomogeneity and the ensuing impact on the 
images, fluid-sensitive GE sequences are mentioned to 
express T2* contrast, rather than T2 contrast.

In practice, the MR protocol for RA imaging includes a 
minimum of two orientations of the scanned area (eg, an 
axial and coronal view) and should have a combination of 
T1-weighted, and fluid-sensitive FSE sequences with FS, 
as well as post-contrast T1-weighted with FS sequences.5 6 
In the rheumatology research setting, MR protocols can 
be adapted to shorten scan time.7–10 
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Figure 1  Without fat suppression techniques, fat and fluid 
both have a high-signal intensity on fluid-sensitive fast spin 
echo. This adult patient with a history of spinal surgery and 
radiotherapy complained of pain after a fall. On the sagittal 
T1-weighted FSE image (A) material containing fluid has a 
dark signal intensity. This can be appreciated in the cerebral 
spinal fluid and in the compression fracture of the third 
lumbar vertebral body. Fat in the yellow bone marrow in the 
spine has a high signal intensity. On the T2-weigted FSE 
image obtained without adding fat suppression (B), both fat 
and fluid have a high signal intensity as seen in the cerebral 
spinal fluid and the edematous part of the fracture (arrow). 
Contrast between fat and fluid has disappeared.

Figure 2  Three different reconstructions after one single mDixon sequence of <2 min. The patient has a myopericytoma 
anterior to the tibia. Tumors normally have signal intensities similar to bone marrow edema. On the in phase reconstruction (A) 
signal intensity of fat in bone marrow is high, that of the tumor is intermediate. On the fat only reconstruction (B) signal intensity 
of fat is again high, but that of tumor is very low. On the water only reconstruction (C) signal intensity of fat is low, and that of 
tumor is very high.

fluId-sensITIve and fs TeChnIques
FS techniques are normally used in combination with 
T2-weighted FSE imaging (because fluid is relatively 
bright and difficult to differentiate from bright fat) 
(figure 1) and with contrast-enhanced imaging. There 
are many techniques to achieve this, and between vendors 
these techniques vary. We will discuss clinically relevant 
differences between the most commonly used tech-
niques; Short-TI Inversion Recovery (STIR), frequency 
selective FS and Dixon.

A STIR sequence is a fluid-sensitive sequence that is 
reconstructed in such a way that it looks similar to, but is 

definitely not a T2-weighted image. T1 relaxation time is 
one of the major parameters that determine contrast in 
this image type. T1 and T2 effects are additive in STIR 
sequences. Depending on reconstruction algorithm, 
fluid may be displayed as bright (usual method) or dark 
signal. Because FS is non-selective (as opposed to the 
other two techniques), enhancing tissue may be dark 
instead of bright and signal to noise ratio (SNR) drops 
by 40%. It should only be used if the other techniques 
cannot be used because of machine limitations or when 
magnetic field is inhomogeneous.

The advantage of frequency selective FS is that it only 
suppresses signal of fat, which results in high SNR, but 
it requires a homogeneous field and it cannot be used 
below 1 T field strength because the difference of preces-
sion frequency between water and fat protons is less at 
lower field strength.

Dixon techniques have been modified recently and 
now allow high-resolution high-contrast water and/or 
fat images in a very time-efficient way.11 After one short 
acquisition of approximately 2 min, many types of images 
with different contrast, including water only and water 
and fat combined, can be reconstructed without time 
penalty (figure 2). Dixon techniques are less susceptible 
to artefacts caused by field inhomogeneity and have less 
problems than frequency fat suppressed sequences at 
mid and low field. Because of its versatility independent 
of field strength, these novel Dixon techniques have the 
important potential to decrease technical differences 
between various MR systems.

Rheumatology scoring methods designed and used 
by rheumatologists are rigidly connected to certain MR 
sequence protocols12 ; however, incorporation of Dixon 
techniques to these sequence protocols can increase 
reproducibility between institutions.13 

use of ConTRasT agenTs
There are several types of contrast agents, of which the 
extracellular Gd-chelate-based contrast agents (GBCAs) 
are used in the muskuloskeletal (MSK) system. They 
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Table 1  Comparison of T2 frequency selective fat saturation (T2 fatsat) or STIR images versus Gd-chelate enhanced T1 fast 
spin echo sequences with frequency-selective fat saturation (T1 Gd)—although the underlying cause for the signal intensity 
differs, the sequences perform equally in depicting bone marrow oedema (BME)

Comparison
MR 
scanner (T) Patients

Patients, 
n

Joint/
bone BME feature

Correlation 
coefficient
(P values)

Accuracy/
sensitivity

Schmid 
et al 9 

STIR versus 
T1Gd

1.0 Various orthopaedic 
diagnoses (osteoarthritis, 
osteonecrosis, 
insufficiency fractures and 
the majority (n=32) were 
non-specific cases

51 Foot and 
ankle

BME volume 0.98
(p<0.001)

nd

Mayerhoever 
et  al8 

STIR versus 
T1Gd

1.0 or 1.5 Various orthopaedic 
diagnoses (bone 
bruises, osteoarthritis, 
osteonecrosis, stress 
fractures)

30 Knee BME volume
Signal contrast

0.99
(p<0.001)
0.94
(p<0.001)

nd nd

Tamai 
et al10 

STIR versus 
T1Gd

1.5 Early RA 51 Wrists,
MCPs,
PIPs

Presence of 
BME

nd Accuracy 
98%

Stomp 
et al7 

T2 fatsat, 
versus T1Gd

1.5 Early arthritis
Advanced RA

176
43

Wrist,
MCPs

BME scores 
according 
to RAMRIS, 
evaluated by 
two readers

0.99 and
0.87
0.99 and
0.94

*Sens>95%
Sens>95%

*Sensitivity for the presence of BME (defined as BME score ≥1) with T2 sequence as reference.
MCP, metacarpophalangeal; nd,not determined; PIP, proximal interphalangeal; RA, rheumatoid arthritis; RAMRIS, RA MRI score; STIR, Short-TI 
Inversion Recovery.

Figure 3 Depiction of bone marrow oedema using different 
techniques. Coronal images of MCP(2-5) joints of a patient 
with RA imaged both with frequency-selective fat saturation 
using T2-FSE (A) and T1 –Gd-chelate enhanced FSE 
sequences (T1 Gd) (B); BME is similarly depicted on both 
sequences.

shorten T1  and T2 relaxation times, which is dose 
dependent. They are used in a way that T1 shortening is 
dominant, which results in an overall increased SNR, but 
especially in an increase of signal intensity of enhancing 
tissue such as synovium, BME and inflammatory tissue. 
Typically T1-weighted pulse sequences with FS (but not 
in combination with STIR as explained above) are used, 
producing high-contrast and high SNR images allowing 
for instance differentiation between synovitis and synovial 
fluid, a distinction that cannot be made on T2-weighted 
images. For the detection of BME, studies performed 
in patients with and without arthritis have shown that 
STIR (or T2-fatsat) and T1-Gd fatsat perform equally in 
depicting BME (table 1), as illustrated in figure 3.7–10 

Fast dynamic data acquisition during administration 
of Gd-chelate has been used as a biomarker in oncology, 
producing functional information on perfusion of 
tissue, which can be analysed in several qualitative and 
quantitative ways. These novel techniques have great 
potential as biomarkers for inflammation and therapy 
response.14 

InfluenCe of fs and sCalIng on IMage InfoRMaTIon
The grey scale also has a paramount impact on signal 
intensity displayed on the image because the values in 
the image are relative and not absolute. All values present 
in a MR image are distributed over the dynamic grey 
scale. If the image is a T1-weighted image, fat signal will 
occupy the highest values, and thus will have the highest 
signal intensity on the image. If fat signal is eliminated, 
by using FS techniques, the upper values of the dynamic 
grey scale do not represent fat, but non-fatty tissue that 
moves up the dynamic scale because of the elimina-
tion of fat signal. In other words, the signal intensity of 
a certain tissue type, including fluid, also depends on 
other tissue types included (or excluded) in the image 
that produce signal and thus will be given a place on the 
grey scale. This may result in higher signal intensity of 
fluid or fluid-containing structures such as inflammatory 
tissue or malignancies on non-enhanced fat suppressed 
T1-weighted images (figure 4). Use of subtraction images 
is one way to differentiate this pseudo-enhancement 
from real enhancement.
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Figure 4  Signal intensity is dependent on scaling. A patient with a bone cyst following anterior cruciate ligament plasty. The 
axial images are obtained with T1-weighted (A), T1-frequency selective fat suppression (B), T1 Gd-chelate enhanced frequency 
selective fat suppression (C), and subtraction techniques (D). Note that the fluid has high signal intensity on the nonenhanced 
T1-weighted image with frequency selective fat suppression (B); which is in contrast to the ‘rule of thumb’ that fluid is of 
low intensity on T1. On the contrast enhanced (C) and subtraction images (D) only a small rim enhancement is seen. The 
explanation is the use of a grey scale on which the signal intensity of fat has been eliminated (see text). The axial T1- (A) and 
sagittal T2-weighted frequency selective fat suppressed (E) techniques show the well-known signal characteristics of fluid.

safeTy Issues gd-based ConTRasT agenTs
Water-soluble MRGBCAs, introduced in 1984, are rapidly 
eliminated by the kidneys. Considering the huge amount 
of GBCAs administered, the paucity of complications 
is striking. No less than 40% of 36 million MR studies in 
the USA in 2017 were done after GBCA administration.15 
There are two types of gadolinium, linear and macrocyclic, 
of which macrocyclic GBCA is the more stable and most 
commonly used. A crisis with nefrogenic systemic fibrosis, 
in the period 2006–2009, was related to the use of one 
specific linear GBCA, used in patients with impaired renal 
function. Since then neither serious side effects (other than 
extremely rare anaphylactic reactions), nor causal relation-
ship between GBCA administration and clinical symptoms 
such as transient pain have been identified.15 However, 
since the paper of Kanda et al in 2014 the safety debate with 
approximately 80 papers since then focuses on Gd reten-
tion in the brain.16 It has been proven that gadolinium 
retention occurs in various organs including the brain after 
already four gifts of GBCA. Although originally retention 
was thought to occur only in linear and not in macrocy-
clic GBCAs, but extensive research showed that there are 
also major differences between specific linear agents.17 
Interestingly, an autopsy study showed that Gd is retained 
in vessel walls, correlates with microvessel density and does 
not show pathological changes with respect to astrocytes, 
microglia and neuronal loss.18 Based on the knowledge 
that Gd retains in multiple organs including the brain and 

insufficient knowledge on various details, the Pharmacov-
igilance Risk Assessment Committee (PRAC) of the Euro-
pean Medicines Agency (EMA) recommended restrictive 
guidelines in using two linear GBCAs for the liver, and one 
for joints. Three linear agents, but none of the macrocy-
clic were suspended (EMA), while the US Food and Drug 
Administration (FDA), in their last version (16 May 2018) 
updated the medication guide for patients containing infor-
mation on Gd retention, required a new class warning and 
asked for more research. Both FDA and PRAC conclude 
that currently no specific conditions have been linked to 
Gd deposition in organs including the brain.19 20 Although 
further research is needed and performed, at this moment 
macrocyclic GBCAs, but not all linear GBCAs are consid-
ered safe if used appropriately.19–21 

speCIal MR pulse sequenCes
There are many special MR pulse sequences, each with 
its own advantages and disadvantages. Some of these are 
being introduced in clinical and research practices. Among 
these are the above-mentioned Dixon techniques. GE 
sequences with T1 and/or T2* mechanisms can be used 
in specific situations, for instance, to enhance visibility 
of erosions. Especially in osteoarthritis (OA) research 
pulse sequences that can quantify or map cartilaginous 
abnormalities have been developed. Among these are 
T2 mapping, delayed GBCA enhanced imaging and the 
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technically very demanding T1rho mapping. T2 mapping 
and delayed GBCA-enhanced imaging are routinely used 
in OA research settings, while recently some interest in 
using these techniques in analysing cartilage damage in 
patients with RA has surfaced.22 Dynamic GBCA-enhanced 
imaging has great potential in quantifying inflammatory 
parameters in RA.14 

MR sCoRIng
The technical details and their implication for the evalu-
ation of MR images are important regardless of whether 
the MRIs are made for diagnostic purposes or for scien-
tific research. Validation scoring methods have been 
developed for MRIs of hands and feet,6 and also for the 
spine in SpA,23 24 supporting the use of MRI as outcome 
measure in clinical trials.

ConClusIon
In conclusion, many factors govern the display of data 
on our black and white MR image and thus have a major 
impact on image information and thus interpretation. 
Some basic knowledge on MRI assists us in avoiding 
the dark side of erroneous interpretation of MRI and 
opens new chapters of using MRI in clinical and research 
applications to the benefit of patients in rheumatology. 
In our view, communication and collaboration between 
rheumatologists and radiologists is instrumental in devel-
oping the bright side of MRI while avoiding the dark side. 
Furthermore, novel techniques like modified Dixon and 
functional quantitative Gd-chelate-enhanced dynamic 
MRI are appetising prospects waiting to be explored in 
the near future.
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