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Summary

Streszczenie

Objective: The presence of bone erosions in conventional
radiography (CR) of the hand and foot joints is an important
diagnostic criterion in rheumatoid arthritis (RA). Magnetic
resonance imaging (MRI) and ultrasonography (US) have been
proved to be more sensitive than CR in visualizing bone lesions
in RA patients. The aim of the study was to estimate the
concomitance of MRI and US findings in visualizing bone
erosions, and to compare these modalities with CR.
Methods: The study included 50 RA patients in a mean age
53.0±14.6 years. CR and US of both hands, and MRI of one hand
were performed. The evaluated data were: the number of
patients with bone erosions shown by CR, MRI and US, and the
number of joints with bone erosions per patient in MRI and US.
The CR, MRI and US findings were compared.
Results: CR showed erosions in 32% of the examined patients
while MRI in 62% and US in 68% of patients. In the patients who
had no radiological bone erosions, MRI showed erosions in 44.1%
and US in 50% patients. The mean number of joints with bone

Cel: Wystêpowanie nad¿erek na zdjêciu rentgenowskim (CR) r¹k
i stóp jest wa¿nym kryterium diagnostycznym reumatoidalnego
zapalenia stawów (RA). Wykazano, ¿e rezonans magnetyczny
(MRI) i ultrasonografia (US) s¹ bardziej czu³e ni¿ CR w uwidacznianiu zmian kostnych u chorych na RA. Celem badania by³a ocena zgodnoœci MRI i US w obrazowaniu nad¿erek kostnych i porównanie tych metod z CR.
Metody: Badaniem objêto 50 chorych na RA (w tym 33 kobiety)
w wieku od 23 do 75 lat, œrednio 53±14,6 roku. Œredni czas trwania choroby wynosi³ 3,9 roku. Wykonano CR i US obu r¹k oraz MRI
jednej rêki z wiêkszym nasileniem zmian zapalnych. W badaniach
wykorzystano: do badania CR projekcjê tylno-przedni¹ (PA) i standardowe parametry ekspozycji, do badania MRI aparat o natê¿eniu pola 1,5 tesli. Obrazy MRI uzyskano w sekwencji SE w czasie
T1 zale¿nym oraz T1 zale¿nym, z saturacj¹ t³uszczu przed podaniem i po podaniu GD-DTPA. Badanie US wykonano g³owic¹ liniow¹ o czêstotliwoœci 5-9 MHz. Oceniano nastêpuj¹ce dane: liczbê
chorych z nad¿erkami widocznymi w badaniu CR, MRI i US oraz
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erosions was in MRI 2.2±2.9 and in US 2.6±3.7. The correlation
between MRI and US in visualizing bone erosions was found to
be very high (coefficient of correlation =0.9; p<0.005).
Conclusion: MRI and US show more bone erosions in the hand
joints than CR in patients with RA. The high agreement of US and
MRI in showing bone erosions proves that both these methods
can be applied interchangeably, depending on the availability of
means and interpreters' experience.

liczbê stawów z nad¿erkami u ka¿dego chorego w badaniu MRI
i US. Wyniki uzyskane poszczególnymi metodami porównywano
pomiêdzy sob¹ w nastêpuj¹cy sposób: badanie CR porównano
z badaniem US obu r¹k i MRI jednej rêki. Porównuj¹c badanie US
i MRI, wziêto pod uwagê jedn¹ rêkê ocenion¹ w MRI.
Wyniki: CR wykaza³o obecnoœæ nad¿erek u 16 badanych chorych
(32%), podczas gdy MRI u 31 chorych (62%), a US u 34 (68%). Bior¹c pod uwagê jedn¹ rêkê, ocenian¹ równie¿ w badaniu MRI
w US, nad¿erki stwierdzono u 33 osób (66%). U chorych, którzy
nie mieli nad¿erek w badaniu CR, MRI uwidoczni³ nad¿erki
u 44,1%, a US u 50% chorych. Œrednia liczba stawów z nad¿erkami wynios³a w MRI 2,2±2,9, a w US 2,6±3,7. Stwierdzono wysok¹
korelacjê pomiêdzy MRI i US w uwidacznianiu nad¿erek kostnych
(wspó³czynnik korelacji =0,9; p<0,005).
Wnioski: Rezonans magnetyczny i ultrasonografia uwidaczniaj¹
niemal dwukrotnie wiêcej nad¿erek kostnych w stawach r¹k
w porównaniu z klasycznym zdjêciem rentgenowskim u chorych
z reumatoidalnym zapaleniem stawów. Wysoka zgodnoœæ US
i MRI w obrazowaniu nad¿erek wskazuje, ¿e metody te mog¹ byæ
stosowane zamiennie, zale¿nie od dostêpnych œrodków i doœwiadczenia badaczy.

Introduction

process, so characteristic of the early stage of the
disease, requires a course of treatment to be introduced
promptly in order to prevent the development or to
inhibit the progression of irreversible bone damage.
Modern imaging modalities, such as magnetic resonance
imaging (MRI) and ultrasonography (US) have been
proved to be more sensitive than CR in visualizing bone
lesions in RA patients [5-12]. They enable bone
structures (bone surfaces – in US) to be seen in many
projections, images to be substantially magnified, and
apart from that, they may improve the diagnosis by
visualizing the inflammatory process in the surrounding
soft tissue [6, 7, 10, 13-19]. Consequently, these

Synovitis in rheumatoid arthritis (RA) leads to
lesions of the articular surfaces of cartilage and bone.
Such lesions may affect any synovial joint, yet they are
most common in the peripheral joints. Radiological
visualization of bone erosions in the hand and foot
joints provides an important diagnostic criterion of RA
[1-3] but the earliest erosions are detectable with
conventional radiography (CR) only about 6 months
after the onset of symptoms and after 12 months they
are present in only about 30% of patients [3, 4]. This
limits the usefulness of CR in the early stage of RA. At
the same time, the high intensity of the inflammatory
Table I. Group characteristics
Tabela I. Charakterystyka grupy
Number (n)

50

Gender

33 F

17 M

Age (years)

23-75

mean 53.0±14.6

Disease duration

2 month – 21.2 years

mean 3.9±5.4 years

DMARDs (n)

33 (66%)

Steroids (n)

25 (50%)

Treatment
Number of swollen joints

0-14

mean 6.8±3.9

ESR (mm/h)

7-137

mean 44.1±38.4

CRP (mg/dl)

0.1-11.4

mean 1.9±2.5

RF positive (n)

42 (84%)
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modalities can be applied in the early diagnosis of RA.
Because of the novelty of the problem and a small
number of comparative studies it is not known if either
of the modalities is superior, and therefore can be
recommended in research and clinical practice. Reports
comparing US and MRI in terms of the consistency of
findings are discrepant and depend on the type of a
joint studied and the investigation methodology [5, 6,
20]. The literature on MRI and US consistency in
visualizing bone erosions in hand joints is scarce [6, 12,
21]. The aim of the study was the estimation of the
agreement of MRI and US in visualizing bone erosions,
and a comparison of these modalities with CR.

Materials and methods
The study included 50 RA patients diagnosed on the
basis of the revised 1987 ACR criteria. The patients with
hand deformations preventing the appropriate
positioning for MRI scanning were excluded. The group
included 33 women and 17 men, aged 23-75 years (mean
age 53.0). The mean duration of the disease was 3.9
years (ranging from 2 months to 21.2 years). Table I
shows clinical and laboratory findings. All patients
underwent CR and US examinations of both hands, and
MRI of the hand affected by a more severe inflammatory
process as assessed clinically.
Hand radiographs were obtained in posteroanterior
projection with exposure parameters 80 kV/63 mAs.
The assessment included distal epiphyses of the ulnar
and radial bones, wrist and metacarpal bones, and
distal and proximal phalanxes. Radiograms were
interpreted by an experienced radiologist (M.Z.). The
patients were divided into two groups according to the
results of the CR analysis: those with erosions and
those without erosions. This simple division was
chosen because of the strong discriminating value of
the erosions in diagnosing of RA [2].
MRI scans of the hand with a more pronounced
inflammatory process as detected on physical
examination were performed with a 1.5 T Magnetom SP
whole body system (Siemens). Spin echo sequences
were obtained in T1-weighted images (repetition time,
TR 600 ms, echo time, TE 15 ms) as well as images with
fat saturation (A-250, TE 1122 ms, TE 22 ms). Scans
were obtained before and after Gd-DTPA (Magnevist,
Schering) administration (0.1 mmol/kg b.m.). Slices of 3
mm thickness were acquired in coronal projection with
zero gaps. The extremity coil with the field of view of
21cm and the matrix of 256 x 512 were used. During the
examination, the upper extremity was positioned along
the body axis over the patient's head. In order to
maintain the appropriate position of the joints, the

Fig. 1. Coronal T1 MRI scan of the rheumatoid
hand. The erosion is visible in the 2nd MCP joint.
Ryc. 1. Obraz T1 MRI rêki chorego na RA w projekcji czo³owej. W stawie œródrêczno-paliczkowym (MCP) drugim widoczna jest nad¿erka.
hand was placed on a flat panel and immobilized with
sand bags.
The MRI assessment included the number of joints
with erosions seen as bone defects with sharp margins
with a cortical break [22] filled with the tissue that
enhanced after contrast administration (pannus)
(Figures 1, 2a, 2b). The areas assessed were as follows:
wrist (three levels: radiocarpal, intercarpal and
carpometacarpal joints), metacarpophalangeal (MCP)
joints, proximal interphalangeal (PIP) and distal
interphalangeal (DIP) joints (17 joint regions in all). The
examination lasted about 30 minutes. The findings
were assessed by a radiologist experienced in MR
evaluation of RA joints (R.A.).
The US examination of both hands was performed
with a Sonoline Elegra (Siemens) unit with color Doppler
(CD) and power Doppler (PD) options. A linear array 5-9
MHz transducer was used. The assessment included the
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a

b

Fig. 2. T1 fat-suppressed MRI scan of the hand in a patient with RA before (a) and after Gd-DTPA
administration (b). Contrast enhancement of the pannus filling the erosions in 2nd MCP joint is visible.
Ryc. 2. Obraz T1 MRI z saturacj¹ t³uszczu, rêki chorego na RA przed podaniem (a) i po podaniu kontrastu (b).
Widoczne wzmocnienie w obrêbie ³uszczki wype³niaj¹cej nad¿erkê w 2. stawie œródrêczno-paliczkowym.
estimation of the number of joints with bone erosions
seen in two perpendicular projections as a discontinuity
in the bone outline forming a pit with an irregular
bottom and filled with hypoechogenic tissue (pannus)
(Figures 3a, 3b). In cases of active disease pannus blood
vessels infiltrating the erosions were seen in PD and CD
US, making the assessment easier (Figures 4a, 4b). CD
and PD US settings were the same for every patient and
for all joints: pulse repetition frequency (PRF) of 868 Hz,
low flow filter and gain just below the artifact level
(about 70 dB). CD and PD US were used in a different
part of the study, which is currently undergoing
analysis. The observations that Doppler methods can
improve visualization of the erosions are tentative and
require more accurate assessment.
Similarly as in MRI, the US assessment included three
regions in the wrist joint, MCP, PIP and DIP joints of both
hands (34 joint regions in all) in all possible projections
and aspects in the neutral position of the hand.
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Additionally, for better visualization of the joint surfaces
an examination after moderate flexion of the joints was
carried out. The duration of examining both hands was
around 30 minutes. US findings were interpreted jointly
by two investigators with experience in the analysis of
musculoskeletal US findings (M.S-K., A.C.). The final result
of the assessment was reached by consensus.
The study methodology was based on our own
experience [7] and on the literature description of
similar investigations [10]. All examinations in each
patient were performed during one week, usually in
the course of one day.
The findings obtained by different examination
method were compared in the following way: CR
findings were compared with US findings of both hands
and with MRI findings of one hand. In comparison of US
and MRI findings only one hand was considered.
Statistical analysis: The basic statistical methods
were used to describe the group characteristics. In the
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Fig. 3. US image of the erosions of MCP joint (dorsal side). Irregular outline of the metacarpal bone;
a – longitudinal image; b – transverse image.
Ryc. 3. Obraz nad¿erki w stawie œródrêczno-paliczkowym od strony grzbietowej. Nieregularny zarys g³owy
koœci œródrêcza; a – w projekcji pod³u¿nej; b – w projekcji poprzecznej.

a

b

Fig. 4. Erosion in the wrist bones (a) with the pannus vessels visible in CD US (b).
Ryc. 4. Nad¿erka w koœci nadgarstka (a) z naczyniami ³uszczki widocznymi w badaniu Color Doppler (b).
analysis of MRI and US findings the contingency tables
were used to determine the number of patients with a
particular number of eroded joints. In order to
evaluate the correlation between US and MRI, the
significance test for Pearson correlation coefficient
was used.

Results
Conventional radiography
No erosions were found in 34 patients (68%). The
remaining 16 subjects (32%) had visible bone erosions.

MRI
MRI did not reveal any bone erosions in 19 patients
(38%). In the remaining 31 patients (62%), erosions
were found in 1-12 joints of the examined hand (mean
2.2±2.9).

US
US did not reveal any bone erosions in 16 patients
(32%). In 34 subjects (68%), erosions were visible in 1-26
joints of both hands (mean 4.8±6.4).
Considering one hand also evaluated with MRI, no
erosions were found in 17 patients (34%). The
remaining 33 subjects (66%) presented bone changes
in 1-13 joints (mean 2.6±3.7)

Comparison of CR and MRI
When radiological and MRI findings were
compared, no bone erosions were found by either
method in 19 patients. The remaining 15 patients
(44.1%), who had no radiological bone erosions,
presented erosions in MRI (Table II).
The ratio of detectability of erosions in MRI vs. CR
was 31/16=1.9.
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Comparison of CR and US
When radiological and US findings were compared,
in 17 patients without erosion on CR, no bone erosions
were found with US, either. The remaining 17 patients
(50%), who had no radiologically detected bone
erosions, presented erosions on US (Table III) (Figures
5a, 5b).
The ratio of detectability of erosions in US vs. CR
was 34/16=2.1.

Early rheumatoid arthritis
A group of 15 patients with the disease duration
shorter than 6 months was selected. In this group, no

erosions in the hands were detected radiologically
while US revealed erosions in 7 patients and MRI in
6 patients. The number of joints affected was 1-7
(mean 1.6±2.2) for both hands in US, and 1-4 (mean
0.8±1.1) for the hand also examined by MRI. The
number of eroded joints revealed by MRI was 1-4
(mean 0.8±1.3).

Comparison of US and MRI
The correlation between US and MRI in visualizing
bone erosions was found to be very high (coefficient of
correlation =0.9; p<0.005) (Figures 6, 7a, 7b). The results
are presented in Table IV. The interpretation of this table

Table II. The number of erosion positive and negative patients on CR and MRI examinations of one hand
Tabela II. Liczba chorych z obecnoœci¹ lub brakiem nad¿erek w badaniu CR i MRI jednej rêki
Erosions on MRI

Erosions on CR

Negative
n (%)

Positive
n (%)

Mean number of joints
with erosions on MRI±SE*

Negative

19 (55.9)

15 (44.1)

0.7±0.2

Positive

0

16 (100)

5.3±0.8

Table III. The number of erosion positive and negative patients on CR and US examinations of both hands
Tabela III. Liczba chorych z obecnoœci¹ lub brakiem nad¿erek w badaniu CR i US obu r¹k
Erosions on US

Erosions on CR

Negative
n (%)

Positive
n (%)

Mean number of joints
with erosions on MRI±SE*

Negative

17 (50)

17 (50)

2±0.5

Positive

0

16 (100)

10.8±1.9

Table IV. A comparison of the number of eroded joints revealed on MRI and US. The cells present numbers
of patients with erosions on both methods
Tabela IV. Porównanie liczby stawów z nad¿erkami w MRI i US. Komórki przedstawiaj¹ liczbê chorych
z nad¿erkami widocznymi w obu metodach
Number of eroded
joints on MRI

Number of eroded joints on US
0

1-2

3-5

6-7

≥8

Total

0

13

4

2

0

0

19

1-2

4

8

3

0

0

15

3-5

0

2

8

1

0

11

6-7

0

0

0

0

1

1

≥8

0

0

0

0

4

4

Total

17

14

13

1

5

50
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a

b

Fig. 5. a – US of the 5th MCP joint, longitudinal image, left hand, palmar side. The erosion of the metacarpal
bone is clearly visible; b – CR of the MCP joints of the same patient. No erosions are visible in the 5th MCP joint.
Ryc. 5. a – USG 5. stawu œródrêczno-paliczkowego od strony d³oniowej w projekcji pod³u¿nej. Dobrze widoczna
nad¿erka w koœci œródrêcza; b – CR stawów œródrêczno-paliczkowych tej samej rêki, bez widocznej nad¿erki
w 5. stawie.

Discussion
CR, US and MRI were compared for the assessment
of the ability to show bone erosions in RA patients. The
MRI protocol was selected in order to show accurately
anatomical details of all joints of the hand in the
shortest possible time. The sequences applied in this
investigation followed the suggestions from previous
studies and our own experience [10, 13]. Since the
examination had to be made as brief as possible
because of the articular pain, only the coronal
projection was used, similarly to some earlier studies
[13, 23]. In spite of that, the findings are consistent
with those described in the literature when two
perpendicular projections were applied [10, 11].
On US, each bone change was displayed in different
planes so that potential mistakes due to natural bone
roughness were excluded. A multiplanar US analysis is
suggested also by other authors [9]. When in doubt,
the assessed bone was compared with its contralateral
counterpart. Ultrasound visualization of erosions was
improved when color Doppler was applied. Where the
vascularisation of the synovium was very extensive,

Coefficient of correlation = 0.9
p<0.005
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0
-1
-1 0

US

is as follows. If no erosions are seen in MRI, 68.4% of US
findings also show no erosions. The remaining 31.6% of
patients reveal 1-5 erosions. If, though, no US image
shows erosions, 76.5% of MRI scans are also erosionnegative. One to two erosions are diagnosed in the
remaining 23.5% of patients.
The findings for the 8 and more eroded joints are
highly congruent. The highest discrepancy was
observed for 1-2 and 3-4 eroded joints, but even here
60-70% of results are congruent.

1

2 3 4

5

6 7 8
MRI

9 10 11 12 13 14

regression
95% conf. int.
1 case
2 cases
3 cases
6 cases
27 cases

Fig. 6. The correlation between US and MRI in
visualizing bone erosions. Scatter-plot shows
the patients with a particular number of eroded
joints as visualized by MRI and US. The
coefficient of correlation between MRI and US
is 0.9 (p<0.005).
Ryc. 6. Koralacja pomiêdzy USG a MRI w uwidacznianiu nad¿erek kostnych. Wykres rozrzutu
pokazuje chorych z okreœlon¹ liczb¹ stawów
z nad¿erkami widocznymi w RM i USG. Wspó³czynnik korelacji pomiêdzy MRI i USG wynosi 0,9
(p<0,005).
the vessels infiltrating bone defects facilitate the
localization of the erosions. So far this method has not
been described as helpful in imaging bone erosions.
The observations, as mentioned above, are preliminary
and require further studies.
Both MRI and US showed more erosions than
radiography in the hand joints, and this result is
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a

b

Fig. 7. CD US image of the erosion of the 2nd MCP joint. The same hand as presented at Figures 1 and 2 on
MRI scans; a – longitudinal image; b – transverse image.
Ryc. 7. Obraz USG nad¿erki w drugim stawie œródrêczno-paliczkowym z u¿yciem Color Doppler (CD). Ta sama
rêka przedstawiona zosta³a na rycinach 1 i 2 w obrazach MRI; a – w projekcji pod³u¿nej; b – w projekcji
poprzecznej.
consistent with earlier reports [5-7, 9-12]. While
radiography revealed erosions in 16 patients (32%), US
showed them in 34 subjects (68%), and MRI in 31 (62%).
Thus, in our study US depicted erosions 2.1 times, and
MRI 1.9 times more frequent than CR in diagnosing
arthritic bone erosions. Where in 15 patients (44.1%) CR
revealed no changes, MRI showed erosions in 1-4 joints.
US showed erosions in 1-9 joints of both hands (in 1-5
joints of the one hand) in 17 patients (50%) whose
radiograms were erosion-free. Thus, both these imaging
modalities allow to visualize diagnostically significant
erosions in nearly half of the patients in whom CR failed
to show any erosions. In 15 patients whose disease
duration was 6 months or less from the onset of
symptoms, radiography showed no changes whereas
MRI revealed erosions in 6 patients (40%), and US in 7
(46.7%). These results concur with those reported
before, though the study methodology varied in
different papers [19, 24].
A high correlation between MRI and US was found in
terms of showing the number of joints with bone
erosions. Both these methods depicted erosions with
similar frequency (agreement of over 70%). Backhaus et
al. [6] reported different results - in her study, US was four
times less accurate than MRI in revealing erosions in
MCP, PIP, DIP joints in RA patients. This probably resulted
from the technique of the examination. Backhaus et al.
used a US 7.5 MHz transducer and examined the joints
only in the neutral position from the dorsal and volar
aspects. The erosions, however, are mainly encountered
laterally, especially in PIP joints, as we found in our
material. On the contrary, the MRI method was very
accurate, employing 3D reconstruction of the joints
examined, consequently obtaining better results than
those of US. Wakefield [19], in his study on ultrasound
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imaging of MCP joints, reports that US turned out to be
as sensitive as MRI, which resulted from the fact that the
region examined was easily accessible for ultrasound
penetration (MCP II at the radial approach). Alarcón [21]
reported such a high agreement of US and MRI in
imaging MCP joints in 10 RA patients that the authors
suggested US should be used in clinical practice.
Despite the high correlation between US and MRI in
revealing bone erosions, we find over 20% discrepancy
between the methods. Yet, US showed more eroded
joints. The discrepancy is most probably the result of the
characteristic features of the two methods and of the
study protocol used. As mentioned before, only one
projection was used in MRI and all hand joints were
visualized in a single sequence. US visualized structures
in many planes and, what is more, the usage of high
frequency transducer provided a high resolution of the
image. The superiority of MRI results from its ability to
show changes in regions inaccessible to ultrasound,
regions hidden behind bone protrusions or on surfaces
parallel to the ultrasound beam.
The US examination is cheaper and more available
than MRI. The time necessary to examine one hand in
MRI is sufficient for an ultrasound examination of
two hands. Furthermore, a uniplanar MRI scan may
lead to misinterpretation of the examined changes.
Yet, while MRI allows to show the whole anatomy of
the hand and to localize the changes precisely, US has
only the bone outline as a point of reference. In order
to interpret an image correctly, it is necessary to
know perfectly the anatomy of the hand. Because of
this, the reproducibility of lesion progression
evaluation in this diagnostic modality may be rather
poor. MRI also shows changes in regions inaccessible
for ultrasound, beneath the bone cortex, including

Ultrasonography, magnetic resonance imaging and conventional radiography of bone erosions in rheumatoid arthritis

bone marrow edema believed to be a precursor of
erosions [24]. Yet, performing this examination in the
acute phase of the disease, when the joints are very
painful, is sometimes impossible because it is
difficult for a patient to remain motionless in an
uncomfortable position.
In conclusion, ultrasonography and magnetic
resonance imaging detects about two times more
erosions in patients with rheumatoid arthritis than
conventional radiography, that indicates the potential
diagnostic value of these methods in patients with early
stages of the disease. The high correlation between
ultrasonography and magnetic resonance imaging in
showing bone erosions proves that both these modalities
can be applied interchangeably, depending on the
preferences and possibilities of the research center.
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