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ABSTRACT
Objectives: Ultrasonography (US) is used in rheumatol-
ogy to assess small joints in inflammatory arthritis.
Recently there has been some investigation into the utility
of US in osteoarthritis (OA), however there has been little
comparison of US to other imaging modalities in OA. This
study aimed to compare the detection of osteophytosis
and joint space narrowing (JSN) by US and conventional
radiography (CR) in OA of the hand.
Methods: Subjects with OA of the hand underwent US
and CR examination of the small joints of both hands to
identify osteophytosis and joint space narrowing.
Results: 1106 joints of 37 patients were imaged with US
and CR. US detected osteophytosis in 448 joints,
compared to CR that detected osteophytosis in 228 joints
(approximately 30% fewer joints). Where osteophytosis
was detected by US but not CR, this was usually proximal
to the joint line. Joint space narrowing was detected in
450 joints by US, but only 261 joints by CR. The
distribution of US and CR detected osteoarthritis changes
in this cohort was consistent with population studies of
radiographic hand OA, although metacarpophalangeal
(MCP) involvement was higher than might be expected
Conclusions: US detected more osteophytosis and joint
space narrowing than CR in OA of the hand. Involvement
of MCP joints was more common than would be expected
from population radiographic studies. The increased
detection of OA structural pathology by US may make this
a useful tool for hand OA research.

Osteoarthritis (OA) is the most common form of
arthritis, and has significant health economic
effects in the developed world.1–3 The prevalence
of radiographic hand OA has been estimated at
over 44% in epidemiological studies of elderly
populations.4 However most population studies
have focused on radiographic OA, which may not
be reflective of symptomatic or clinically relevant
disease.5

Recently ultrasonography (US) has been utilised
to better understand the disease process in OA.6 7

The ability of US to detect structural changes in
rheumatic diseases has been validated against other
imaging techniques (conventional radiography
(CR) and MRI) in inflammatory arthritis.8–10

However, there has been little investigation into
the validity of US in OA. Whilst there have been
reports of changes detected by US,6 7 11 there is a
paucity of data on the construct validity of US in
detecting osteophytes and joint space narrowing in
OA. The aim of this study was to compare US-

detected osteophytosis and joint space narrowing
in OA of the hand against radiographic assessed
osteophytosis and joint space narrowing.

METHODS
Approval for this study was obtained from our
local ethics committee, and all patients gave
written informed consent. Patients attending the
Musculoskeletal Clinics of the Leeds Teaching
Hospitals NHS Trust were recruited. Subjects with
a clinical diagnosis of symptomatic OA, either
meeting ACR criteria for OA, or with symptoms
and radiographic structural changes consistent
with OA such as sclerosis, joint space narrowing
or osteophytes, were included. This allowed inclu-
sion of subjects with base of thumb OA who did
not meet American College of Rheumatology
(ACR) criteria.12 Subjects with a diagnosis or
clinical suspicion of an inflammatory arthritis,
including gout, were excluded. Subjects with
radiographic evidence of calcium pyrophosphate
deposition were not excluded, as calcium pyropho-
sphate crystals are increasingly being recognised as
evident in OA.13

Radiographs
All patients included had recent AP radiographs of
both hands. A doctor blinded to US findings (PGC)
scored the radiographs for the presence or absence
of joint space narrowing and osteophytes, using
images from the Osteoarthritis Research Society
International (OARSI) atlas.14 The location of
osteophytes was documented as proximal or distal
to the joint. Intra-reader reliability was assessed by
rescoring the first 10 subjects at least 4 weeks after
the initial reading.

US scan
All subjects had an US examination of bilateral
first carpometacarpal (CMC) joint, metacarpopha-
langeal (MCP) joints 1–5, proximal interphalangeal
(PIP) joints 1–5 and distal interphalangeal (DIP)
joints 2–5 with a Philips HDI 5000 SonoCT
scanner (Philips, Eindhoven, The Netherlands).
The joints were assessed with a 15–7 MHz
‘‘hockey stick’’ probe in a global fashion (scanning
across the longitudinal and transverse planes on
the dorsal and palmar surfaces of the hand
ensuring the medial and lateral regions of the
joints were also visualised). All scans were
performed by a single ultrasonographer (HIK).
The finger joints were held in neutral position for

Extended report

1116 Ann Rheum Dis 2008;67:1116–1120. doi:10.1136/ard.2007.079483

 group.bmj.com on June 6, 2010 - Published by ard.bmj.comDownloaded from 

http://ard.bmj.com/
http://group.bmj.com/


scanning, but extended and flexed as required to visualise
pathology. Joints were scored for osteophytosis and joint space
narrowing. Erosions were not scored due to a previous
publication reporting insensitivity of US to erosions compared
to CR in OA.15 Osteophytosis was defined as a cortical
protrusion at the joint margin seen in two planes (fig 1). The
location of the osteophytosis was recorded as either proximal or
distal to the joint. Joint space narrowing was documented as
normal when the distances between superficial cortical surfaces
of phalanges appeared normal (fig 2). The central portion of the
joint cannot be visualised with US, so only the distance
between the cortical margin at the superficial aspect of the
joint, peripheral can be visualised. The joint space was recorded
as ‘‘narrowed’’ when it appeared reduced, or was assumed to be
reduced because overlying osteophytes obscure the acoustic
window and prevented visualisation of the joint space. The first
10 subjects had their dominant hand scanned 4 weeks after the
initial scan to determine intra-reader reliability.

Statistical analysis
The SPSS V.14.0 software package was used for the analysis
(SPSS Inc., Chicago, Illinois, USA). The prevalence of radio-
graphic and US osteophytes and joint space narrowing was
calculated for each joint. The percentage exact agreement was
calculated between US and CR for the presence of osteophytes
at each joint, and whether they were proximal or distal to the
joint. Intra-reader reliability was assessed by calculating single
measure k values and by determining percentage exact agree-
ment (PEA). Cut-off values have previously been assigned to
k values in an attempt to understand the relevance of the value;
these values are somewhat arbitrary, however a value of ,0.2
has been considered slight agreement, 0.21–0.4 fair agreement,
0.41–0.6 moderate agreement, 0.61–0.8 substantial agreement
and .0.81 almost perfect agreement.16

RESULTS
A total of 37 subjects with symptomatic hand OA had US and
radiographs available for evaluation; 34 subjects met ACR
criteria for hand OA and 3 had a clinical diagnosis of OA of the
base of thumb. The median age was 57 (IQR 53–66), 31 (83.8%)
were female, and the median symptom duration was 50 months
(IQR 32–94). One subject was missing 4 joints due to previous
amputation of 2 fingers, so 1106 joints were imaged in total

Radiographic findings
Of the 1106 joints imaged, 328 (29.7%) had radiographic
osteophytosis; this was seen proximally only in 36 (3.3%) joints
and distally only in 175 (15.8%) joints and proximal and distal
to the joint in 117 joints (10.6%). The distribution of
osteophytosis detected by CR is demonstrated in table 1.
Radiographic osteophytosis was seen in 44 CMC joints, 14 MCP

joints, 113 PIP joints and 157 DIP joints. Joint space narrowing
occurred in 261 (23.6%) joints, 24CMC joints, 11 MCP joints,
105 PIP joints and 121 DIP joints. The k value for intra-reader
reliability for the presence of osteophytosis at a given joint was
0.686 (PEA 83.3%), and joint space narrowing 0.659 (PEA
85.8%).

Ultrasonographic findings
Of the 1106 joints scanned, 448 (40.5%) had US osteophytosis.
This was seen proximally only in 119 (10.8%) joints, distally
only in 82 (7.4%) joints and proximal and distal to the joint in
247 (22.3%). Ultrasound osteophytosis was seen in 42 CMC
joints, 38 MCP joints, 180 PIP joints and 188 DIP joints. The
distribution of osteophytosis detected by US is demonstrated in
table 1. Joint space narrowing was seen in 450 (40.7%) joints, 61
CMC joints, 22 MCP joints, 156 PIP joints and 211 DIP joints.
The intra-reader reliability for the presence of osteophytosis at a
joint calculated as having a k of 0.832 (PEA 91.8%); the k for US-
detected joint space narrowing was 0.641 (PEA 82.2%).

Relationship between US and CR findings
Of the 1106 joints, 266 (20.4%) had US and CR osteophytosis,
595 (53.8%) had neither CR nor US osteophytosis, 192 (17.4%)
had osteophytosis detected only by US (fig 1), and 53 (4.8%)
had osteophytosis detected only by CR. The k value for
agreement between CR and US for osteophytosis was 0.54 with
PEA 77.8%. When considering whether osteophytosis occurred
at the proximal or distal side of the joint, agreement between
US and CR occurred in 854 (77.2%) and 887 (80.2%) joints
respectively. US detected proximal osteophytosis in 243 joint
osteophytes where it was not detected by CR, and CR detected
proximal osteophytosis in 29 joints not identified by US.
Ultrasound detected osteophytosis distally in 135 joints not
detected by CR, and CR detected osteophytosis in 84 joints not
detected by US. The comparative distribution of US and CR
detected osteophytes is presented in table 1.

Joint space narrowing was detected in 215 (19.4%) joints by
US and CR, in 46 (4.2%) joints by CR alone and 235 (21.2%)
joints by US alone. The k value for agreement between US and
CR for joint space narrowing was 0.436 with a PEA of 74.6%.
The distribution of joint space narrowing as determined by US
and CR is shown in table 2.

Although we had predetermined that erosions would not be
scored, a recent publication17 prompted a decision post hoc to
score erosions seen on CR. Radiographic erosions were
documented in six joints (0.5%) by CR, occurring in five
subjects. Joints with erosions included three PIPs, two DIPs and
one MCP. The US scores were reviewed, and two of these joints
appeared normal on US; however, four were severely damaged
with marked osteophytosis and joint space narrowing.

Figure 1 Right second proximal
interphalangeal joint. A. The radiograph
demonstrates a normal joint, the location
of osteophyte seen on ultrasonography is
circled. Dorsal longitudinal (B) and dorsal
transverse (C) ultrasound images clearly
demonstrate a dorsal proximal
osteophyte (arrows). PP, proximal
phalanx; MP, middle phalanx.
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DISCUSSION
This is the first study describing the relationship between US
and CR detected osteophytes, although US-detected osteo-
phytes have been described in review publications.11 18 The
distribution of osteophytic changes found by US and CR in this
cohort is consistent with studies of radiographic hand OA.19–22

Whilst US detected more changes than CR, the pattern of joint
involvement was similar for both modalities.

The most surprising finding was osteophytosis in 10.3% of
MCP joints, as population studies report an incidence of MCP
radiographic changes in the region of 5%.22 In particular
involvement of the first right MCP was prevalent. This is
interesting given that OA of the hand has historically been
considered to be a result of genetic and metabolic factors, rather
than biomechanical factors. However, recent population studies
of radiographic hand OA have demonstrated a predominance of
radiographic changes in joints thought to have higher biome-
chanical stress.22–24 Likewise, epidemiological studies of hand OA
from China and Japan have demonstrated an increased
incidence of disease in the right IP and second DIP, presumably
due to chopstick use.22 23 The increased rate of detection of
changes in this joint by US compared to CR demonstrated in
this study may be related to anatomical rotation of the joint,
and the ability of US to image the joint in multiple planes rather
than the standard AP plane depicted by CR. Utilising CR to
determine the prevalence of OA may have resulted in under-
estimation of the prevalence of OA at this joint.

Interestingly, US improved detection of osteophytosis prox-
imal to the joint compared to CR. In this cohort, radio-
graphically detected osteophytes were seen more often distal to
the joint, whereas by US osteophytosis were seen in approxi-
mately equal frequency proximally and distally to the PIP and
DIP joints. However, at the MCP and CMC joints osteophytes
were seen more commonly proximally by US, but distally by
CR. In our study US osteophytes were seen relatively uniformly
around the DIP and PIP joints, whereas CR osteophytes were

seen largely distally. Recently Tan et al reported that MRI
detected osteophytes in the DIP and PIPs tend to occur
proximally.25 The contrasting findings between the location of
MRI osteophytes found by Tan, and US osteophytes in this
study, may be due to differences in the numbers of joints
imaged or populations studied. This study examined 1106 joints
of subjects with established hand OA, whereas Tan examined
58 joints of subjects who predominantly had early OA and only
studied DIP and PIPs. In agreement with Tan’s findings, this
study suggests CR may underestimate the prevalence of
proximal osteophytosis, although it is difficult to determine
from radiographic epidemiological studies the exact location of
osteophytes.19 In the present work, the agreement between US
and CR as to the presence of osteophytes at a given joint and to
the location in regards to the joint was moderate (k 0.54),
although the percentage exact agreement was very good. The
increased detection of osteophytosis by US is most likely due to
ability of US to examine the joint in multiple planes, in contrast
to the two dimensional nature of CR. For example, osteophytes
that are small and localised to either the dorsal or palmar aspect
of the joint (fig 1) are unlikely to be visualised on a standard AP
radiograph of the hand.

This study has limitations, relating to US itself and the study
design. Only osteophytes and joint space narrowing in OA
(features that US and CR can image) were compared.
Estimating joint space abnormalities with US is problematic
as the central portion of the joint cannot be visualised by US,
and osteophytes blocking the acoustic window often prevent
the joint space being adequately visualised; for the purposes of
this research, this was recorded as narrowed. Indeed, a surrogate
of joint space narrowing was often scored in this study.

Bone sclerosis, bone cysts and erosions are pathological
features commonly seen radiographically in OA that were not
examined, as US cannot visualise these features well. Due to the
intrinsic nature of B mode US, subchondral sclerosis or bone
cysts cannot be reliably demonstrated. Erosions were not scored

Figure 2 A. Radiograph of a left fourth
distal interphalangeal (DIP) joint with joint
space narrowing. B. Ultrasound image
(dorsal longitudinal) of the same joint
demonstrating joint space narrowing as
detected by ultrasound (US). Note the
close proximity of the cortical surfaces of
the middle and distal phalanges (arrows).
C. Left fourth DIP in an asymptomatic
volunteer demonstrating normal space
between the middle and distal phalanx
(arrows). MP, middle phalanx;
DP, distal phalanx.

Table 1 Total number of joints with osteophytes as imaged on ultrasound (US) or conventional radiography (CR)

Left hand

Joint

Right hand

5 4 3 2 1 1 2 3 4 5

20 19 30 30 DIP US osteophytes 27 27 21 23

23 16 22 22 DIP CR osteophytes 22 21 9 17

15 17 18 17 24 PIP US osteophytes 22 20 15 14 18

12 9 13 13 10 PIP CR osteophytes 11 12 9 10 11

1 0 2 9 10 MCP US osteophytes 7 6 2 1 0

0 1 4 2 1 MCP CR osteophytes 3 1 1 0 0

21 CMC US osteophytes 22

23 CMC CR osteophytes 21

CMC, carpometacarpal joint; DIP, distal interphalangeal joint; PIP, proximal interphalangeal joint; MCP, metacarpophalangeal joint.
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in this study by US, as US has been shown to be less sensitive to
erosions than CR in hand OA.15 In addition, practical problems
occur in trying to classify cortical irregularities as osteophytes or
erosions in very damaged joints. Cartilage abnormalities were
not scored. Once again, given current technology, US related
cartilage qualification and quantification in the small joints of
the hand is problematic due to image resolution, the inability to
visualise cartilage in the central portion of the joint and the
effect of osteophytes shadowing the cartilaginous surface of the
joint. Even when joints are flexed, large osteophytes are likely to
shadow the articular cartilage.

It must be remembered that standard AP radiographs of the
hand will produce a two-dimensional image that, we would
hypothesise, will detect osteophytes on the medial or lateral
surface of the joint, but not osteophytes localised to the dorsal
or palmer surface of the joint (unless there is considerable lateral
spread of the lesion). Given US is able to image the joint in
multiple planes, including the dorsal, palmer and lateral surfaces
of the joint, it is perhaps not surprising that US detects more
osteophytosis than CR. This study compared only the presence
of osteophytosis at a given joint, and whether it was proximal
or distal, as detected by US and by CR. What was found was
that US detected more osteophytosis, but that in most cases
there was agreement between US and CR as to the presence or
absence of osteophytosis. What cannot be determined from this
study is if the two techniques were imaging exactly the same
lesion or osteophyte.

In examining the role of US in detecting osteophytosis,
validation against a gold standard such as computer tomogra-
phy or histology would be ideal, and perhaps address the issue
of whether exactly the same lesion is being visualised with each
modality. However, in clinical practice, the standard AP hand
film is routinely used to confirm the diagnosis of OA. We chose
to compare US to the standard CR view, as US is also a clinically
feasible imaging technique that could be applied to confirm the
diagnosis of OA with a potential for increased sensitivity whilst
avoiding radiation exposure. However, the lack of validation
against a gold standard means that the results should be
interpreted with caution, and the detection of pathological
changes by US, particularly joint space narrowing due to the
problems in the US definition, could possibly be overestimated.

We have demonstrated that US detects more osteophytosis
and joint space narrowing than the current standard imaging
technique, especially at the MCP joints and proximally. We
have also found in our cohort that MCP involvement was more
frequent than would be expected from epidemiological studies.
Utilising US in OA of the small joints of the hand may aid

observation of OA characteristics and clinical management of
patients with hand symptoms. Further investigation in to the
ability of US to identify early disease will become more
important as more effective therapies for osteoarthritis become
available.
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