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The hand radiograph as a diagnostic discriminant
between seropositive and seronegative 'rheumatoid
arthritis': a controlled study
THOMAS M. BURNS AND ANDREI CALIN

From Stanford University and Palo Alto Veterans Hospital, California, USA

SUMMARY Although traditional teaching emphasises that 70-80% of patients with rheumatoid
arthritis have positive serological tests for rheumatoid factor, a review of the evidence suggests that
the seronegative group has distinctive characteristics. In a blinded and controlled evaluation of
hand and wrist films we correctly identified the serological status of 43 out of 46 patients satisfying
the ARA criteria for 'definite RA'. The radiographic appearances of the seronegative group
differed significantly from those of the seropositive group in (1) degree of juxtalesional osteosc-
lerosis (p<0001); (2) the relative absence of classical subchondral erosions (p<0 001); (3)
presence of new bone formation (p<0 001); (4) more fusion (p<0001); (5) more asymmetrical
joint involvement (p<0 001); and (6) predominant carpal involvement (p<0 001). The nature of
the destructive process, as defined radiologically, may be different in patients with seropositive
rheumatoid arthritis from that seen in individuals with so-called 'seronegative rheumatoid
arthritis'.

The discovery of serum rheumatoid factor(s) and
HLA B27 has done much to further our understand-
ing of the nosology of the inflammatory arth-
ropathies. The B27. related spondylarthropathies are
now known to be distinct entities, and the old term
rheumatoid variants is no longer applicable. How-
ever, there is still confusion about the nature of
another seronegative group, 'seronegative RA'.'

Table 1 outlines the classification of inflammatory
arthropathies of unknown aetiology. These can be
conveniently subdivided into 2 groups-the seroposi-
tive and seronegative. The division is somewhat
arbitrary in that some diseases, for example, systemic
lupus erythematosus (SLE), can be either seroposi-
tive or seronegative for rheumatoid factor. However,
concomitant clinical findings aid in making these
diagnoses. Moreover, serological tests can convert at
a time distant from the initial presentation, so that
some patients with so-called 'seronegative
rheumatoid arthritis' may later be classified as having
seropositive disease, and conversely the serological
status can change from positive to negative withdrug
therapy23 and perhaps time. Earlier studies suggest
that this crossover occurs on the order of 12-15%.4
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A major difficulty in diagnosis is represented by
those patients with a persistently seronegative
inflammatory arthropathy who have neither overt
coexistent disease like psoriasis or inflammatory
bowel disease nor a B27 related spondylarthropathy.
These seronegative patients virtually never develop
the extra-articular manifestations classically seen in
seropositive rheumatoid disease-for example, sub-
cutaneous nodules, pleuropericarditis, Felty's syn-
drome, vasculitis, sicca syndrome, or interstitial lung
disease.5 In part the difficulty in diagnosis has been
fostered by the general application of the ARA
criteria for rheumatoid arthritis,6 which were
intended for epidemiological research. Patients with
almost any inflammatory arthropathy, regardless of
serological status, can easily meet 5 out of 11 criteria,
thereby yielding a diagnosis of 'definite' rheumatoid
arthritis. In 1960 Dixon7 reported a follow-up of 63
patients who were consistently seronegative and in
whom no diagnosis other than rheumatoid arthritis
(or polyarthritis of undetermined type) could be
made by accepted criteria. Twelve of 63 patients
converted to seropositivity and were felt to have typi-
cal seropositive rheumatoid arthritis. The other
patients belonged to a heterogeneous group of dis-
orders which led him to conclude: 'A reproducible
diagnosis of rheumatoid arthritis requires a positive
specific SCAT as well as clinical evidence of poly-

605



606 Burns, Calin

Table 1 Major adult arthropathies ofunknown aetiology according to serological status

Sero (+) Ser (-)

1. Rheumatoid arthritis 1. Spondylarthropathies (AS, RD, PsA, Ar with IBD)
with co-disease clinically present

2. 'Collagen vascular' disease 2. Spondylarthropathies with co-disease destined to develop later
(SLE, PSS, DMIPM, MCTD) 3. Polyarthritis with development of seropositivity later

4. Remaining seronegative without development of GU,
spinal, skin, or bowel co-disease

SLE=systemic lupus erythematosus; PSS=progressive systemic sclerosis; DMIPM=dermato/polymyositis; MCTD=mixed connective tissue
disease; AS=ankylosing spondylitis; RD= Reiter's disease; PsA=psoriatic arthritis; IBD=inflammatory bowel disease; GU=genitourinary;
Ar=arthritis.

arthritis. In clinical studies of this disease, the results
of agglutination tests should be stated, and patients
with persistently negative tests excluded or
separately assessed.'

Unfortunately many recent investigators have
failed to heed Dixon's advice and have treated
rheumatoid arthritis patients as a homogeneous
group. Hence basic questions are still unanswerable.
For example, are gold and D-penicillamine more
efficacious and/or less toxic in seropositive than
seronegative patients? Some authors would argue
that both gold and D-penicillamine are more neph-
rotoxic in seronegative patients,8 I but larger studies
are needed to assess their results. Do these seronega-
tive patients respond to indomethacin and phenyl-
butazone similarly to the seronegative spondylarth-
ritis group? Do immunosuppressives have a more
important role in this disorder? Are underlying
pathogenetic mechanisms the same? Recent work
has suggested that seronegative mononuclear leuco-
cytes behave differently than seropositive mononuc-
lear leucocytes.10
Another barrier to accurate diagnosis has been the

often claimed clinical statement that 'seronegative
rheumatoid arthritis' is only a mild subset of seroposi-
tive disease. The accuracy of this statement is hard to
verify given that 'seronegative rheumatoid arthritis'
has included a heterogeneous population. Earlier
studies report equally destructive disease in some
patients with negative serological tests,7 while others
have reported the occurrence of more complete
fusion"1 in the seronegative population. Certainly
seronegative disease encompasses a spectrum of sev-
erity of joint disease which can parallel that of
seropositive disease.

This study is an attempt to define the nature of the
radiological change in patients with 'seronegative
rheumatoid arthritis'. Patients with seropositive dis-
ease, matched for age, sex, and disease duration,
were used as controls.

If radiographic differences were found to be pre-
dictive of the serological status, it would suggest that

there may be different pathological processes in the 2
diseases. Seropositive rheumatoid arthritis is radio-
graphically characterised by juxta-articular
osteoporosis, symmetrical involvement of carpal,
metacarpophalangeal (MCP), and proximal inter-
phalangeal (PIP) joints, destruction by classical, sub-
chondral erosions beginning at the insertion of the
joint capsule, less fusion, and lack of reactive new
bone formation. Seronegative disease should be
characterised by the opposite qualities if it is
distinctive.

Materials and methods

All 84 patients diagnosed as having persistently
'seronegative rheumatoid arthritis' at the Stanford
University Medical Center and Palo Alto VA hospi-
tal clinics were reviewed. Seronegative patients with
spondylarthritis, psoriasis, inflammatory bowel dis-
ease, or adult onset Still's disease were excluded. All
34 patients with hand radiographs were selected.
Five of 34 had to be excluded because of an inability
to find appropriately matched seropositive controls
with radiographs. An attempt was made to match
each of the 29 seronegative subjects with 2 seroposi-
tive patients from the same clinic controlled for age,
sex, and disease duration. Only 41 of a total of 233
consecutive seropositive (latex > 1:80) individuals
were approprate (i.e., 12 of the 29 had 2 seropositive
controls). A similar proportion of the seropositive
patients had had hand radiographs performed. The
mean ages were 53 and 55 years respectively in each
group, the female to male ratio was 5:1, and the
disease duration was 8-9 and 8 8 years respectively.

Initially, all films were evaluated without know-
ledge of the patient's identity or serological status (all
markings were obscured) by a disease severity index
scored on a scale of 0-3, where 0=normal, 1 =mild,
2= moderate, 3= severe radiological destruction.
Thereafter the films were analysed for the presence
or absence of osteosclerosis, classical erosions, global
symmetry, new bone formation, fusion, and pre-
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dominance of carpal involvement. For the purposes
of standardisation a classical erosion was defined as a
defect of the articulating surface of subchondral bone
with a clear destruction of the cortical margin and an
osteoporotic base. Finally, a prediction as to serolog-
ical status was made on the basis of this composite
analysis. Significance was calculated by using either a
chi-square test for goodness of fit or a chi-square
contingency table with Yates's correction.

Results

An average destructive index was calculated for each
group by adding all individual scores and dividing by
the total number of films in each group. The films
from seronegative patients (hereafter referred to as
seronegative films) had an average destructive score
of 1-62, while the films from seropositive patients
(seropositive films) averaged 1-61. As seen in Table
2, these scores reflected noticeable destructive
change in 16 of 29 seronegative films and 30 of 41
seropositive films. The remainder of the films were
graded as 0. Thus the degree of radiological destruc-
tion in these patients with previous hand radiographs
was comparable with both mild and severe disease
occurring in both groups.

Table 3 gives the percentages of the 16 seronega-
tive and the 30 seropositive patients who had the 6
radiographic qualities listed above. The remaining 13

Table 2 The grade and degree ofdestruction and correct
blinded readings ofserological status among the 29
seronegative and 41 seropositive radiographs

Sero (-) Sero (+) Total

Films 29 41 70
Destruction (grade 0-3) 1-62 1-61
Destruction (no.) 16 30 46
Correct blind reading 14 29 43 (p< 0-001)

Table 3 The nature ofradiographic damage among those
46 films (16 seronegative, 30 seropositive) showing evidence
ofdestructive change

Sero (-) vs. Sero (+)
(n=16) (n=30)

Osteosclerosis 87% 11% p<0-001
Classical erosions* 12% 93% p<0-001
Global symmetryt 6% 93% p<0-001
New bone formation 69% 7% p<0-001
Fusion 94% 30% p<0-001
Carpal predominance 88% 7% p<0-001

*Erosions: number per
patient

tWrist alone:
0 3
6/12

12
15/17

and 11 films, respectively, were normal and are not
commented on further.

Juxta-articular osteosclerosis occurred predomin-
antly in the seronegative state (87% versus 11%,

Fig. 1A Hand radiograph of
61-year-old woman who has
seropositive rheumatoid arthritis of
15 years, duration. Note
symmetrical wrist and MCP
involvement with many classical
erosions. Both osteoporosis and
osteosclerosis are present at the
MCPs and wrists, respectively.



608 Burns, Calin

p<OOO1). Even though sclerosis has been stated to
occur as a late sequela of any destructive process, the
disease-duration-matched seropositive films showed
predominant osteoporosis juxta-articularly.

Classical erosions occurred in only 2 patients
(12%) with seronegative disease, while it was a hall-
mark in 93% of seropositive cases (p<OOO1).
Moreover, even when they did occur, the average
number of erosions per patient was only 0 3 com-
pared with 12 in the seropositive patients. Cysts and
geodes were seen in both seronegative and seroposi-
tive films, but since there was no loss of cortex they
were not considered as 'classical erosions'.

Global symmetry refers to the overall pattern of
affected joints. If all affected joints were involved
symmetrically, the film was graded as being globally
symmetrical. This term does not necessarily signify
equally destructive disease in each joint pair but only
the presence or absence of radiological change. Even
though the seronegative group had symmetrical wrist

Fig. 2A Lefthand radiographsof52-year-old woman with
history of 'seronegative rheumatoid arthritis' of8 years'
duration. Note loss ofcartilage space with absence ofclassical
erosions at 3rd, 4th, and 5th MCP joints. The only erosion
seen is at the inferior radioulnarjoint, and it is surrounded by
a sclerotic rim ofnew bone.

Fig. 1B Close-up ofFig. la to demonstrate clearly
marginated cortical erosions beginning at joint capsule
insertion sites.

Fig. 2B Same patient as in Fig. 2A showing right hand.
Note asymmetrical wristandMCP disease with partialfusion
at the carpal-metacarpal and intracarpal joints.
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involvement in 6 out of 12 cases, only 6% of the total
seronegative group had all joint pairs symmetrically
involved compared with 93% of the seropositive
group (p<0 001).
The juxta-articular new bone formation charac-

teristically occurred at the inferior radioulnar joint,
although it was also seen at the MCP and distal inter-
phalangeal (DIP) joints. Whereas it occurred in 11 of
16 seronegative patients (69%), it appeared in only 2
of 30 seropositive patients.
Both complete and incomplete ankylosis occurred

more frequently in seronegative cases (94%) than
seropositive ones (30%) (p<0 001). Again the wrist
was the most common region affected.

Carpal predominance refers to the fact that the
involvement was maximal at that location. When the
carpus was involved in seropositive disease, it was
almost universally accompanied by MCP and/or PIP
involvement, so that in only 2 out of 30 (7%) patients
was the carpal involvement predominant. This figure
compares with 88% carpal predominance in the
seronegative condition (p<0001).

Fig. 1A is an example of a seropositive patient with
symmetrical MCP and wrist involvement and multi-
ple classical erosions. Even though this film shows
both osteoporosis at the MCPs and osteosclerosis at
the wrists, the symmetry and the presence of multiple
classical erosions are typical of seropositivity.

Fig. 1B is an enlargeinent of the left first and sec-
ond digits from the patient in Fig. 1A. It shows the
cortical defects of classical erosions seen especially at
the capsular insertion sites.
By contrast, joint destruction in the absence of

classical erosions was the rule in 88% of seronegative
patients. Fig. 2A shows clear-cut obliteration of the
joint space due to cartilage destruction but without
the well-delineated erosions so typical of seropositive
disease. Note that the only clear erosion is seen at the
left inferior radioulnar joint and that it has a sclerotic
border of fine new bone surrounding it. Fig. 2B is the
right hand of the same seronegative patient showing
asymmetrical wrist and MCP involvement as well as a
marked degree of carpal fusion.

Figs. 3A and 3B show reactive new bone formation
at the right inferior radioulnar joint and the right first
MCP, as well as the asymmetrical pattern of destruc-
tion without erosions at the MCP joints. The wrists
are symmetrically and predominantly involved, with
almost total fusion bilaterally. There is also juxta-
articular sclerosis at the radiocarpal and MCP joints.
Again there may be a single erosion at the distal end
of the right radius, but this contrasts with an average
of 12 erosions per film in the seropositive patients.

Fig. 4A is a close-up view of the right hand from
another seronegative patient. It demonstrates the
destructive carpal involvement with partial fusion

Fig. 5A

Fig. 3B
Figs. 3A and B Hand radiographs of35-year-old male with
a 13-year history of'seronegative rheumatoid arthritis.' Note
bilateral carpal predominance with almost total carpal
fusion. There is also new bone formation at the right
radioulnar joint and right first MCP joint as well as a
juxta-articular osteosclerosis at the radiocarpal and MCP
joints.
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Fig. 4B Contralateral wrist is normal.

Fig. 4A Hand radiograph of56-year-old female with
14-year history of 'seronegative rheumatoid arthritis'. Note
destruction and partialfusion ofthe right wrist with new bone
formation at the radioulnar joint.

Fig. 5 Fifty-year-old female with a
6-year history of 'seronegative
rheumatoid arthritis'. Again note
predominant asymmetrical wrist
involvement with partial fusion.



and reactive new bone formation at the inferior
radioulnar joint. The left wrist (Fig. 4B) is radiologi-
cally intact, emphasising the asymmetry at the wrists.

Fig. 5 is similar to Figs. 4A, B in that it shows
predominant carpal involvement that is asymmetri-
cal. Note the absence of classical well-marginated
erosions and the partial fusion of the right intracarpal
bones.

Discussion

One of the most important prerequisites to perform-
ing comparative studies is to ensure the homogeneity
of the patient population under consideration. Most
modern studies of rheumatoid arthritis include
patients with either definite or classical disease, but
rarely are the results analysed according to the sero-
logical status. As we have argued elsewhere,' most
'seronegative rheumatoid arthritis' patients can meet
only 5 ARA criteria, since nodules, erosion, and
seropositivity are usually interdependent. Therefore
these 'definite rheumatoid arthritis' patients may
indeed be quite different from those patients with
classical disease.
A review of the earlier literature corroborates the

notion that persistently 'seronegative rheumatoid
arthritis' may be distinct from seropositive disease.
As early as 1959 Kellgren and Ball" reported on the
clinical significance of a positive rheumatoid factor as
determined by the sheep cell agglutination test
(SCAT). By carefully re-evaluating the diagnoses of
those patients with persistently seronegative disease
and excluding others as alternate diagnoses became
evident, they found that 96% of males and 92% of
females with definite rheumatoid arthritis were
seropositive, percentages which are higher than the
often quoted 70-80% figure.'3 "4

Early family data'5 16 show that definite or classical
rheumatoid arthritis occurs significantly more fre-
quently in relatives of seropositive probands. By con-
trast, 'seronegative rheumatoid arthritis' appears not
to be familial. There are equivalent data from twin
studies showing concordance of disease only in the
seropositive disorder.'6

Recent immunogenetic data may provide a clue to
this familial clustering. HLA DR4 has been associ-
ated with seropositive rheumatoid arthritis in
50-60% of cases.'7 18 However, the frequency of
DR4 in 'seronegative rheumatoid arthritis' patients is
no different from that in control populations'8-0 in
studies involving larger numbers of patients and
appropriate control groups. Conflicting results have
been noted by 2 groups of investigators." 22

In addition to these epidemiological and genetic
data many papers" 1 2124 describe clinical differ-
ences between seropositive disease and 'seronegative
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rheumatoid arthritis'. Clearly nodules, erosions, sicca
syndrome, Felty's syndrome, vasculitis, pleuro- or
pericarditis, and interstitial lung disease occur almost
exclusively in seropositive patients.25 Although some
authors would argue that the lack of these extra-
articular manifestations signifies a milder form of
disease, an equally acceptable interpretation is that
the diseases are indeed distinct.

It is of interest, however, that only a few references
could be found on the radiographic traits of seronega-
tive patients. Bland and Brown'5 report that
'radiologic rheumatoid arthritis occurred signifi-
cantly more frequently in the MCP and MTP joints in
the seropositive than in the seronegative group', but
fail to define what they meant by 'radiologic
rheumatoid arthritis'. Lawrence"6 remarks that
'radiological evidence of grade 3-4 erosive arthritis
of the hands and feet' occurred 6- 8 times more fre-
quently than expected in first-degree relatives of
seropositive rheumatoid arthritis probands as com-
pared with only 1-2 times more frequently than
expected in the relatives of 'seronegative rheumatoid
arthritis' probands. Sharp et al."6 reported that the
titre of rheumatoid factor was positively related to
the rate of progression of joint defects on the radio-
graph, but the study included only 6 patients with a
negative rheumatoid factor. It was with this scarce
background that we undertook the current controlled
study in an attempt to define the actual destructive
nature of 'seronegative rheumatoid arthritis' and to
compare it with that seen in seropositive disease.
Our first finding, that the seronegative group had

an equivalent degree of destruction as had the
seropositive group, must be interpreted cautiously.
This observation cannot be extended to include the
whole population of 'seronegative rheumatoid arth-
ritis' patients. Our study group included those
patients who had noticeable destructive changes on
the hand and wrist radiographs and their matched
seropositive controls. It is still not clear what percen-
tage of seronegative patients will go on to -develop
destructive changes or to what extent changes at the
hand and wrist mirror those occurring elsewhere.
However, our results do confirm earlier work by
Dixon7 in which the 'seronegative rheumatoid arth-
ritis' group had a range from mild to severe destruc-
tive disease.
The most important point is that, when there was

radiographic change, seronegative disease could be
distinguished from seropositive disease on the basis
of 6 radiographic criteria. These differences suggest
that a different pathogenetic mechanism may underly
seronegative arthritis. Some radiographic changes
are reminiscent of those seen in psoriatic arthritis;
however, none of these patients had psoriasis for an
average duration of 8-9 years. It is therefore difficult
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to conceptualise this group of patients as psoriatic
arthritis sine psoriasis.
An interesting parallel might be drawn with the

30-40% of patients with juvenile chronic arthritis
who are seronegative and DR4 negative. Could our
'seronegative rheumatoid arthritis' subset be the
adult equivalent of this juvenile group? Unfortu-
nately no long-term follow-up radiographic studies
have been done on this subset of JCA patients to
serve as a comparison group. Certain features in
adult-onset Still's disease27 mimic those seen in our
patients.

Until further comparative studies can be per-
formed, we consider that the term seronegative
polyarthritis should be used in place of 'seronegative
rheumatoid arthritis'. This substitution will allow
accurate long-term follow-up of this group of patients
with regard to differential response to therapy, prog-
nosis, and incidence of side effects. It will also facili-
tate more accurate basic research into the underlying
pathogenesis of joint destruction, since the inves-
tigators will focus on patients who clearly have
seropositive rheumatoid arthritis and separately on
individuals who have seronegative disease, the
majority of whom may not have 'seronegative defi-
nite rheumatoid arthritis'.

We gratefully acknowledge the special contribution of Doni
Saunders in the preparation of this manuscript.
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