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Background: Psoriatic arthritis (PsA) is commonly associated with bone pathology, including entheseal new
bone formation and osteolysis. On MRI, areas of active clinical involvement are represented by bone oedema
and synovitis.
Aim: To assess the impact of infliximab on bone oedema in PsA as shown by MRI.
Methods: 18 patients with joint swelling, psoriasis and seronegativity for rheumatoid factor received four
infusions of infliximab, 3 mg/kg, in combination with methotrexate. MRI of the affected hand (12 patients) or
knee joints (6 patients) was performed before and after treatment. The primary outcome was the assessment
of bone oedema and synovitis at 20 weeks as shown by MRI. Secondary outcomes included the American
College of Rheumatology (ACR) response criteria, psoriasis skin scores (Psoriasis Area and Severity Index
(PASI)) and a quality of life measure (Psoriatic Arthritis Quality of Life (PsAQoL)).
Results: At baseline, bone oedema was seen in 50% of patients (seven hands and two knees) in 30% of
scanned joints, and this improved or resolved in all cases in the hand joints (p = 0.018) and in one knee joint
at 20 weeks. Synovitis was found to be reduced in 90% of cases on MRI. Likewise, a significant improvement
in all clinical outcomes, including PASI (p = 0.003) and PsAQoL (p = 0.006) was seen at week 20. 65%
(n = 11) of the patients achieved an ACR response, of whom 45% had ACR70 or above and 54% had ACR20
or ACR50.
Conclusions: Infliximab treatment is associated with dramatic improvements in MRI-determined bone oedema
in PsA in the short term. It remains to be determined whether infliiximib treatment is the cause for prevention
of new bone formation, bone fusion or osteolysis in PsA as shown by radiography.

P
soriatic arthritis (PsA) is a common inflammatory arthritis
that can cause a deforming and disabling arthropathy with
a devastating effect on the quality of life.1 PsA is associated

with diverse skeletal pathology such as enthesitis, synovitis,
syndesmophyte formation and osteolysis, which can lead to
mutilating arthritis. Active joint disease in PsA and other
spondyloarthropathies (SpA) is shown as areas of bone
oedema2 which are thought to represent an osteitis in the
subcortical bone on MRI,3 and may occur at entheseal sites.4

Recently, tumour necrosis factor (TNF) a blockade has been a
major advancement in the treatment of PsA and skin
psoriasis,5 6 and MRI has shown that good clinical responses
in SpA are associated with regression of enthesitis and osteitis
in the axial skeleton.7 8 Likewise, MRI studies have shown a
beneficial effect of anti-TNF treatment on synovitis in PsA.9

Although there is radiographic evidence that anti-TNF agents
inhibit periarticular small joint erosion in PsA,10 11 there are no
data on the effect of TNF blockade on the peripheral entheseal-
related bone manifestations of PsA. This report documents
responses to a 14-week infusion regimen of infliximab in
patients with established PsA resistant to conventional disease-
modifying agents (disease-modifying antirheumatic drugs
(DMARDs)), and uses MRI to ascertain response on the bone
oedema that may occur at entheseal areas in affected peripheral
sites.

PATIENTS AND METHODS
This open-label study was approved by the local research ethics
committee, and subjects (n = 18) gave written informed
consent before entry. Inclusion criteria required subjects to
have at least one affected peripheral joint, history of skin
psoriasis, seronegativity for rheumatoid factor and to have

failed therapeutic dosages of conventional DMARDs including
methotrexate. Patients had at least one clinical subtype as
described by Moll and Wright,12 and were allowed to continue
taking non-steroidal anti-inflammatory drugs and/or oral
corticosteroids, provided the dose was unaltered during the
study. Methotrexate was continued, but other DMARDs were
stopped. Infliximab infusions (3 mg/kg in 259 ml 0.9% NaCl)
were prepared by the hospital pharmacy under required aseptic
conditions. The infusion regimen was planned for weeks 0, 2, 6
and 14.

Imaging
MRI of the affected hand (n = 12) or knee joints (n = 6) was
performed at baseline and week 20 using a 1.5 T Gyroscan ACS-
NT whole-body scanner (Philips Medical Systems, Best, The
Netherlands).

For hand assessments, a Philips 8 cm circular surface coil
was placed on the dorsum of clinically involved metacarpo-
phalangeal (MCP) joints.2–5 T1-weighted (T1W) and T1W post-
gadolinium-diethylenetriamine penta-acetic acid (Gd-DTPA)
fat-suppressed (FS) images were acquired in the coronal and
axial planes with the following parameters: coronal plane,
repetition time (TR) 450 ms; echo time (TE) 20 ms; slice
thickness 1.5 mm with a 0.15 mm gap; field of view (FOV)

Abbreviations: ACR, American College of Rheumatology; DMARD,
disease-modifying antirheumatic drug; FOV, field of view; FS, fat
suppressed; Gd-DTPA, gadolinium-diethylenetriamine penta-acetic acid;
MCP, metacarpophalangeal; NSA, number of signal average; PASI,
Psoriasis Area and Severity Index; PsA, psoriatic arthritis; PsAQoL,
Psoriatic Arthritis Quality of Life; RA, rheumatoid arthritis; ROI, region of
interest; SpA, spondyloarthropathies; TE, echo time; TR, repetition time;
T1W, T1-weighted; VAS, visual analogue scale
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1206100; matrix 2556256 pixels; number of signal averages
(NSA) 2; axial plane, TR 420 ms; TE 20 ms; slice thickness 1.5/
0.15 mm; FOV 100650; matrix 2056256 pixels; NSA 4.

For knee assessments, a Philips quadrature receiver knee coil
was used with subjects placed in the supine position for
imaging. T1W and T1W post-Gd-DTPA FS images were
acquired in the coronal, sagittal and axial planes with the
following parameters: coronal, TR 450 ms; TE 20 ms; slice
thickness 1.5/0.1 mm; FOV 120; NSA 2; sagittal, TR 500 ms; TE
15 ms; slice thickness 3/0.3 mm; FOV 220665; matrix 2566256
pixels; NSA 2; and axial, TR 500 ms; TE 15 ms; slice thickness
3/0.3 mm; FOV 2006132; matrix 1796256; NSA 2. Gd-DTPA
was administered by injector pump at 0.2 ml (0.1 mmol)/kg
body weight per second. Post-Gd-DTPA sequences began at
2.5 min after injection in the hands and at 4.5 min in the
knees.

MRI-determined bone oedema
Bone oedema was defined as an ill-defined area in the
subcortical bone with increased signal on a post-contrast FS
image. Paired scans of the hands were scored by an experienced
reader who was blinded to the patients’ clinical characteristics
and chronology of scans, according to the Outcome Measures in
Rheumatology Clinical Trials definitions.13 Diffuse areas of bone
oedema that were not associated with cortical erosion and
located at sites of entheseal attachments were considered to
represent enthesitis and were scored using a semiquantitative
scale (graded 0–3, 0 = no oedema, 1 = mild oedema, 2 = mod-
erate, 3 = severe). The intraobserver reliability for bone oedema
was moderate (wk= 0.63, 95% CI 0.61 to 0.69).14

Bone oedema in the knee was identified in the FS images and
was scored in a similar manner to that of the hand. In the
absence of validated methodology, the knee joint was divided
into four regions on a coronal plane: medial tibia, lateral tibia,
medial femur and lateral femur; and five regions on the sagittal
plane: patella, anterior femur, posterior femur, anterior tibia
and posterior tibia. Bone oedema was defined as present or
absent and classified as entheseal if maximal adjacent to an
enthesis, using a semiquantitative scale (graded 0–3) as
described previously.4 Intrarater reliability for bone oedema in
the knee was good (wk = 0.784, 95% CI 0.427 to 0.841).

Quantitative assessment of synovitis was performed on the
pre- and post-clinical treatment axial T1W post-Gd-DTPA
images, which were processed using a commercially available
image analysis software package Analyze (Analyze-Direct,
Lenexa, Kansas, USA). This software allowed the manual
generation of regions of interest (ROIs) that delineated the
enhancing synovium on consecutive slices in the MCP joints2–5

of the hand. In the knee, an ROI was positioned at the superior
pole of the patella, immediately adjacent to the cartilage
pannus junction, equivalent to four slices.15 The number of

enhancing pixels within each ROI was calculated in each slice
and converted to an area measurement. The volume of synovitis
in each ROI was calculated using the formula Volsynvol =
(Arsynvo 6 ST),16 where ST represents the sum of the slice
thickness and the slice gap and Arsynvol represents the area of
the synovial volume in each slice.

The analysis of paired scans was performed by one reader
who was blinded to the patients’ clinical characteristics. The
intraobserver reliability was very good for volume of synovitis
in MCP joints2–5 (ICC 0.927, 95% CI 0.890 to 0.990; n = 12) and
in the suprapatellar pouch of the knee (ICC 0.995, 95% CI 0.983
to 0.998; n = 12). The response to treatment was calculated as a
percentage reduction in the volume of synovitis.

Clinical assessments
Assessments performed at weeks 0, 4 and 20 included:
physician and patient global assessments of disease activity
(0–100 mm visual analogue scale (VAS)), patient VAS pain,
Health Assessment Questionnaire and the Psoriatic Arthritis
Quality of Life index.17 Swollen and tender joint counts were
performed by a trained metrologist who also assessed skin
involvement using the Psoriasis Area and Severity Index.18 The
composite American College of Rheumatology (ACR) response
criteria for rheumatoid arthritis (RA)19 was calculated, and
response was defined as 20%, 50% or 70% improvement
(namely ACR20, 50 and 70, respectively).

Statistical analysis
Non-parametric tests were applied, using the Holm technique
to correct for multiple testing. A p value of 0.05 was considered
significant.

RESULTS
A total of 18 patients (9:9 men:women) were recruited: median
(range) age 41.5 (31–56) years, duration of PsA 14.8 (2–
35) years and duration of skin psoriasis 20.3 (0–46) years. The
pattern of disease was 50% polyarticular (9/18) and 39%
oligoarticular (7/18); 27.7% (5/18) had a predominant distal
interphalangeal joint involvement and 11% (2/18) had arthritis
mutilans. In addition, past or present history of enthesitis and
dactylitis was present in 89% (16/18) and 77.7% (14/18) of
patients, respectively. Skin psoriasis was evident at baseline in
17 patients (median Psoriasis Area and Severity Index: 1.8).
Table 1 shows a summary of the participants’ baseline
characteristics.

Imaging results
A total of 12 hand scans (n = 48 MCP joints) and 6 knee scans
(n = 6 knee joints) were performed. All magnetic resonance
images were suitable for assessment of bone oedema, which
was seen in 50% of the patients (7 hands (n = 13 MCP joints)

Table 1 Summary of response of the different clinical outcomes

Outcome measure Baseline Week 4 p Value Week 20 p Value

VAS physician global assessment (mm) 57 (45–90) 27.5 (2–77) 0.001 17.5 (0–61) 0.000
VAS patient disease activity (mm) 59 (21–94) 21 (3–68) 0.001 20.5 (0–71) 0.001
VAS pain (mm) 63.5 (22–96) 24.5 (5–65) 0.001 25.5 (0–78) 0.003
HAQ 16.5 (6–23) 11 (3–22) ,0.001 12 (0–22) 0.000
Tender joint count (68) 14.5 (0–73) 7 (0–65) 0.008 5 (0–43) 0.002
Swollen joint count (66) 7.5 (4–46) 1 (0–9) ,0.001 0 (0–5) 0.000
EMS (min) 120 (10–240) 30 (0–120) 0.002 20 (0–90) 0.000
CRP (mg/l) 18.5 (2–124) ,5 (,5–10) ,0.001 ,5 (0–11) 0.000
PASI 1.8 (0–28.1) 0.6 (0–16.7) 0.001 0 (0–13.5) 0.003
PsAQoL 13 (,5–19) 12 (2–19) 0.484 10 (0–15) 0.006

CRP, C reactive protein; EMS, early morning stiffness; HAQ, Health Assessment Questionnaire; PASI, Psoriatic Area and Severity Index; PsAQoL, Psoriatic Arthritis
Quality of Life; VAS, visual analogue scale.
Values are given as median (range).
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and 2 knees (n = 2 knee joints)) in 30% of scanned joints
(n = 15/54). Of these, oedema was seen on an entheseal
location, in five hand scans (corresponding to 38.4% (5/13) of
MCP joints and in one knee scan (corresponding to one knee
joint); however, periarticular erosions were seen at the same
site in all cases. Because of the close anatomical proximity of
the capsular entheses and the synovium and articular cartilage
in small joints, and the diffuse nature of the MRI lesions seen
in these joints, it was not always possible to state whether
abnormalities were at the enthesis, and in such cases lesions
were described as periarticular. Of the seven patients who had
oedema at baseline in the hands, six showed complete
resolution and one improved (p = 0.018; fig 1). In the knee
scans, bone oedema was seen in two patients at the posterior
femoral condyle: one case subchondral (associated to an
erosion and unchanged on follow-up) and the other entheseal,
corresponding to the attachment of the posterior capsule (fully
resolved at week 20).

Scans from 15 patients (11 hands and 4 knees) were suitable
for analysis of synovitis, with the rest (1 hand and 2 knees)
being discarded because of technical problems (failure of FS
(n = 1), enhancement (n = 1) or insufficient slice acquisition
(n = 1). A reduction in the volume of synovitis was seen in 14
patients (10 hands and 4 knees). The range of synovitis

reduction in the MCP joints was 9.8–60.0% and that in the ROI
in the knee 37.8–91.90%.

Clinical assessment results
A significant response was seen in all clinical outcomes in all
patients by week 4, which was maintained even in week 20
(table 1). Furthermore, all patients but one had an abnormal C
reactive protein at baseline (mean 35.76 mg/l) that normalised
after two infusions (week 4, mean 7 mg/l). At week 4, 66.6% of
the patients (n = 12) achieved an ACR response: of these, 22%
(n = 4) achieved ACR20, 27% (n = 5) ACR50 and 16.6% (n = 3)
ACR70. This response was maintained in week 20 in 64.7% of
the patients (n = 11). Of these, 17.6% (n = 3) achieved ACR20
and ACR50, and 29.4% (n = 5) achieved ACR70. One patient
discontinued after the third infusion because of deranged liver
function tests which normalised after discontinuation of the
drug, and another patient had a recurrent urinary tract
infection which was treated with antibiotics.

DISCUSSION
This study focuses on the impact of infliximab on the bone
oedema associated with active PsA. The patients were selected
on the assumption that their disease was true PsA, based on its
clinical features, rather than being seronegative RA and
associated features.20 Although it cannot be determined
whether or not the individual bone abnormalities corresponded
to entheseal lesions, our results show resolution of bone
oedema at most sites regardless of location, and adds to the
growing body of evidence confirming the efficacy and safety of
infliximab in the treatment of PsA and skin psoriasis.

Peri-entheseal and subchondral bone oedema is a common
finding at sites of disease in SpA both in the axial and in the
peripheral skeleton,4 21 although its pathogenesis is not well
understood. MRI can identify areas of diffuse bone oedema or
osteitis, which are clearly visible at large entheseal sites such as
the knee, spine and heel.4 21 22 However, owing to the smaller
structure of the hand, it is difficult to say unequivocally
whether diffuse peri-entheseal bone oedema represents an
enthesitis, a periarticular erosion or both.23 Indeed, in early RA,
small joint erosions typically occur adjacent to collateral
ligaments.14 Hence we thought it was not possible to
differentiate between synovial- or entheseal-based disease in
the hand, and termed all bone lesions as periarticular.
Furthermore, we used the current Outcome Measures in
Rheumatology Clinical Trials definitions, developed for RA,
which apply to lesions within 1 cm from the joint margin in the
MCP joints. Although most of the lesions seen in our patients
were clearly away from this margin, they were always
associated with erosions, making it impossible to the human
eye to establish its origin, although they were always associated
with diffuse and extensive oedema, a finding noted in other
sites of disease in SpA but not in RA. Higher resolution imaging
techniques applied to early disease should help elucidate the
pathogenic meaning of these lesions.

Bone is pivotal for the expression of PsA, and bone-related
changes including syndesmophytes and mutilating arthritis
contribute significantly to the morbidity and loss of function
associated with PsA. Ritchlin et al24 have suggested the role of
activated osteoclasts in PsA, raising the possibility that this is a
disorder of bone remodelling. Recent short-term radiographic
studies of the hand show that anti-TNF suppresses periarticular
erosion formation in patients with MCP-related disease.10 11

However, this is the first study to focus on bone oedema in PsA
and to show that oedema seen on MRI improves significantly
after anti-TNF treatment. This is an important observation,
given the recent demonstration that anti-TNF suppression of
MRI-determined spinal enthesitis and osteitis is associated

A B

C D

Figure 1 Coronal T1-weighted post-gadolinium-diethylenetriamine
penta-acetic acid fat-suppressed images of the second (A,B) and fourth–
fifth (C,D) metacarpophalangeal (MCP) joints from two of the study patients
pre–and-post treatment with infliximab. (A) The white arrow shows
entheseal bone oedema distal to the joint space and there is high signal
around the second MCP joint representing active synovitis-both of which is
resolved in the post-treatment scan (B). (C) Pretreatment scan of the second
patient. There is high signal representing extensive bone oedema in the
proximal phalanx of the fourth finger. There is also bone oedema distal to
the joint space on the fourth MCP compatible with an entheseal location,
and on the proximal fifth MCP joint there is an erosion with bone oedema
(white arrows). These lesions have resolved in the post-treatment scan (D).
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with subsequent inhibition of entheseal-related disease pro-
gression shown on radiography.25 Nevertheless, these results
should be viewed in the light of the limitations of this study—
namely, the small numbers studied and the fact that the trial
was conducted in an open-label fashion. Further studies
involving larger number of patients are needed to determine
whether in fact anti-TNF prevents radiographic bone-related
changes in PsA.

In conclusion, our results are in accordance with previous
reports of the efficacy of infliximab in the treatment of clinical
and pathogenic manifestations of disease in PsA. Whether
regression of MRI-determined bone oedema in acute PsA could
translate into disease modification will be confirmed in larger
cohorts using more sensitive imaging methods.
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