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Abstract
Introduction Anti-citrullinated protein antibody (ACPA) and rheumatoid factor (RF) status are important predictors for rheuma-
toid arthritis (RA) erosivity. Qualitative differences on hand/feet radiographs have been described, indicating more carpal fusion
in seronegative RA. This study explores these differences further using the total Sharp/van der Heijde score (TSS), digital X-ray
radiogrammetry (DXR), and qualitative description.
Methods and materials Matched seronegative (ACPA negative, RF negative, snRA) and seropositive (ACPA, RF >
3xULN, spRA) were examined. TSS scores both for erosions and joint space narrowing (JSN) were registered separately
and compared for both groups. Joint compartments and single joints were compared, using a heat map. The degree of
carpal fusion was quantified 0–5. DXR measurements (bone mineral density, cortical thickness, bone width, metacarpal
index) were determined for each hand separately. Finally, selected radiographs were examined unblinded to search for
non-quantifiable differences.
Results A total of 56 snRA and 57 spRA patients were examined. spRA patients had more erosions and joint space
narrowing. Erosion load differed significantly between spRA and snRA in the foot and metacarpophalangeal joint,
but not in the wrist or proximal interphalangeal joint compartments. Intracompartmental differences were greater in
spRA. JSN scores were greater in spRA, in all compartments except wrist. Carpal fusion and DXR scores did not
differ between the groups. The qualitative comparison showed that snRA patients displayed periarticular ossifica-
tions, carpal shortening, and sparing of the CMC joints, whereas spRA patients had more CMC damage and less
shortening.
Conclusion X-ray manifestations in snRA and spRA are qualitatively and quantitatively different. This suggests pathophysio-
logical differences between the two forms.

Key Points

• Seronegative and seropositive RA display qualitatively and quantitatively different X-ray patterns, suggesting differences in the underlying patho-
physiological process. This is the first time that this has been shown in a systematic, quantitative fashion.
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Introduction

At the onset, it is not possible to predict the radiological severity
of rheumatoid arthritis (RA). Risk factors for severe disease have
been found, above all the presence of rheumatoid factor (RF) and
anti-citrullinated-protein antibodies (ACPA) [1, 2]. RF and
ACPA are often simultaneously present, and diseases where
one or both of these parameters are present are labeled together
as antibody-positive or seropositiveRA.Current [3] and previous
[4] classification criteria do not distinguish between seropositive
and seronegative disease; in practice, they are biased towards
seropositive disease [5]. Little success has been had trying to find
clinicalmarkers other thanRF andACPAdifferentiating between
seropositive and seronegative RA [6], or between seronegative
RA and its mimics.

In clinical practice, patients diagnosed with Bseronegative
RA^ are probably a heterogeneous group, containing speci-
mens of other distinct diseases including polyarticular osteo-
arthritis, psoriatic arthritis (PsA), peripheral spondyloarthritis,
crystal arthropathies, and anti-synthetase syndrome[7]; at the
onset, the exact outcome cannot be predicted [8]. However, a
main body of seronegative, non-HLA-B27-associated, non-
psoriatic arthritis with a common phenotype has been postu-
lated [9].

There is little evidence of clinical differences between se-
ropositive and seronegative RA. Previously, it has been report-
ed that power Doppler sonography can differentiate between
ACPA-positive and ACPA-negative RA with wrist arthritis
[10, 11].

RA often causes structural damage to the affected joints, as
detectable byX-ray or magnetic resonance (MR) imaging. For
standardization of X-ray findings, several scoring systems
have been proposed [12]. The currently most commonly used
system is the total Sharp score as modified by van der Heijde
(TSS) [13], which evaluates joint space narrowing (JSN) and
erosion of the most commonly affected joints of the hands and
feet. TSS is frequently used for study purposes, its compre-
hensiveness and complexity makes it less useful for clinical
practice.

In addition to conventional radiological evaluations,
computer-aided tools have been introduced to evaluate hand
radiographs in RA. One example is digital X-ray
radiogrammetry (DXR) which evaluates metacarpal mineral-
ization [14].

In 1983, Burns/Calin described radiological differences be-
tween seropositive and seronegative RA, with classical ero-
sions and juxtaarticular osteoporosis being typical for seropos-
itive, and juxtaarticular osteosclerosis and carpal fusion for
seronegative RA [15]. The findings were supported by a fur-
ther study [16]. These findings were only qualitatively de-
scribed, and although blinded and controlled, the study only
explored whether a patient could be correctly identified as
Bseropositive^ or Bseronegative.^

The aim of this study is to explore the question of whether
there are consistent radiological differences between seropos-
itive and seronegative RA in a systematic and quantitative
way, using the TSS scoring system and the DXR technique.
Furthermore, we examined whether there were further quali-
tative differences between the two forms, in addition to the
ones described in previous studies.

Studies into seropositive and seronegative RA, and the dis-
crimination between them, are further complicated by the
presence of two serofactors, and it is not clear which of RF
and ACPA—or both—is decisive for the clinical and radio-
graphic phenotype. Early studies, such as that of Calin/Burns,
were performed before the discovery of ACPA and hence do
not answer this question. In ACPA- and RF-positive (double
positive) RA, ACPA positivity is thought to occur first, indi-
cating a more fundamental role for ACPA in disease develop-
ment [17]. On the other hand, a large-scale study found a
greater predictive value for RF than for ACPA in erosion
development [18]. The PDS phenotype, however, is deter-
mined by ACPA status alone [11]. To avoid any uncertainty
concerning the two factors, it seems prudent for studies into
clinical traits of seropositive and seronegative RA primarily to
evaluate double-positive and double-negative patients, and
consecutively expand into mixed-serostatus cohorts.

We postulate that if the pathophysiological process of the
two forms is identical, and RF and ACPA positivity merely
predict a more severe course, then it must be assumed that the
two forms differ in degree of damage, though not in joint
distribution. However, if the underlying process of seronega-
tive RA is different from that of seropositive, a different dis-
tribution pattern would be likely, similar to the radiological
differences between (seropositive) RA and PsA. Quantifying
these differences using TSS and DXRwould contribute robust
data which could help generate new hypotheses.

Methods and materials

Patients with seronegative erosive RA were identified using
our clinic database (EMIL, itc-ms.de, Marburg, Germany).
The results were individually evaluated, and patients with oth-
er defined disease entities excluded. Only patients with digital
radiograms were included.

A control group was formed using ACPA-positive patients
with erosive disease, whose RF and ACPA titer were above
3xULN (42 and 30 IU/ml, respectively), matched for gender,
age, and age at onset. The titer cutoff values were chosen to
ensure that there should be no doubt about the seropositivity
of the control group.

All patients were treated according to best clinical practice,
as determined by the rheumatologist. Treatment differences,
regarding corticosteroids, cDMARDs, or bDMARDs, were
not taken into account. Smoking habits were not recorded
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and not evaluated. No adjustments were made for disease
activity, or for other serological parameters such as acute
phase reaction or pro-inflammatory cytokines.

Total sharp score as modified by van der Heijde (TSS)

We performed a three-pronged radiological evaluation. Firstly,
all radiographs were evaluated by a blinded radiologist ac-
cording to the TSS, with each joint evaluated regarding JSN
and erosions. Consecutively, we defined different joint com-
partments (carpal, metacarpophalangeal joints (MCP), proxi-
mal interphalangeal joints (PIP), and foot) and compared these
statistically. We also defined a relative compartment score,
calculated as compartment TSS as a fraction of the total score
(TSS compartment/TSS total); this was done for the erosion
and JSN subscores individually. Due to its propensity for os-
t e o a r t h r i t i s a nd r a r e i nvo l v emen t i n RA , t h e
trapeziometacarpal joint (TMC) was not included in the wrist
or MCP compartment and served as a control joint.

Also, we scored the degree of carpal fusion for each patient,
analogue to the TSS scoring system (1 = 0–19%; 2 = 20–39%;
3 = 40–59%; 4 = 60–79%; 5 = 80–100%).

All results were transferred to a Bheat map^ to facilitate
comprehension.

Digital X-ray radiogrammetry

Secondly, we evaluated the hand radiographs according to the
DXR method [14]. DXR (Pronosco X-posure System™, ver-
sion 2.0; Sectra; Sweden) quantifies bone mineral density
(BMD in g/cm2), cortical thickness (CT in cm), metacarpal
bone width (W in cm), and metacarpal index (MCI; a dimen-
sionless parameter based on the mean cortical thickness nor-
malized with the mean outer bone diameter of the metacar-
pals) based on hand radiographs. The radiographs were
scanned (scanner UMAX PowerLook 1100, 300 dpi) into
the DXR system. The DXR algorithms automatically define
regions of interest around the narrowest bone parts of the
metacarpals II–IV and subsequently determine the outer and
inner cortical edges of the cortical metacarpal bone parts.

This procedure produces a set of standardizable, operator-
independent data for changes to the metacarpal joints.

Qualitative analysis

Following the blinded, quantitative radiological evaluation,
we performed a qualitative, unblinded evaluation of selected
radiographs. Special emphasis was placed on the wrist and
carpal joints, because earlier studies described carpal fusion
as a hallmark of seronegative RA. Thus, we could describe
subtle radiological which are independent of TSS.

Statistical analysis

All scores were compared using mean and standard deviation.
Assuming a non-Gaussian distribution of TSS scores, the
Mann-Whitney test was used to compare seropositive and
seronegative patients regarding TSS and DXR, and
Spearman’s rank correlation for correlation between different
parameters within a group. p values < 0.05 were considered
statistically significant. Statistical analysis was performed
using Microsoft Excel (Microsoft Corp. Redmond, WA) and
SPSS (IBM Corp., Armonk, NY). Heat maps were made
using Microsoft Paint and Microsoft Powerpoint (both
Microsoft Corp.), using images taken from the TSS scoring
tutorial of the University of Sherbrooke, Canada (http://
rheumatology.usherbrooke.ca/radiographie_formulaire.pdf).
Permission to use this illustration was granted by the authors.

Study approval

The study was approved by the ethics committee of the uni-
versity clinic Wuerzburg. All radiographs had been acquired
for clinical routine; no additional radiographs were performed
for study purposes. Due to the retrospective design of the
study, as well as the lack of acquisition of new material or
any form of intervention, the ethics committee stated that no
written patient consent was necessary. The X-ray images were
pseudonymized before evaluation.

Results

Baseline characteristics

A total of 56 seronegative and 57 seropositive patients were
studied. Patient characteristics and total TSS scores can be
found in Table 1. The groups did not differ in age, gender
distribution, or age at onset. Disease duration was slightly
shorter in the seronegative group (see Table 1).

Total sharp score as modified by van der Heijde (TSS)

The seronegative patients had a lower total TSS than seropos-
itive patients. Both the erosion and the JSN score were signif-
icantly lower in the seronegative group.

For both seronegative and seropositive patients, there was a
significant correlation between disease duration and TSS
score (r = 0.4, p = 0.0011 vs. r = 0.44, p < 0.001).

Assessing the erosion subscore for different joint compart-
ments, seronegative patients had significantly lower scores for ev-
erycompartmentexcept thePIPandcarpal compartments (Fig.1).

Significant differences in relative erosion score were found
in the carpal (seropositive 28 ± 23% vs. seronegative 42 ±
33%, p = 0.017) and foot (44 ± 26% vs. 27 ± 34%, p =
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0.004), but not for theMCP (14 ± 23% vs. 18 ± 17%, p > 0.05)
or PIP (9 ± 19% vs. 7 ± 12%, p > 0.05) compartments.

Concerning single joints, seronegative patients had the
highest erosion score at the distal ulna (0.96 ± 1.5). Except
for the first proximal metatarsophalangeal joint (0.50 ± 1.3),
no extracarpal joint had a score above 0.5. In seropositive

patients, the most severely affected joint of each compartment
was the distal ulna (1.5 ± 1.7), MCP II (1.3 ± 1.7) and inter-
phalangeal I (0.5 ± 1.2) and proximal MTP V (2.1 ± 1.6)
respectively.

The score for the TMC joint was not significantly different
between groups (0.5 ± 0.9 vs. 0.4 ± 0.8, p = 0.24).

Table 1 Patient characteristics.
All data given as mean (SD) Parameter Seronegative Seropositive p

Number of patients (n) 56 57 > 0.05

Age (years) 63 (14) 62 (11) > 0.05

Female/male 38/18 39/18 > 0.05

Age at onset (years) 52 (18) 46 (12) > 0.05

Disease duration 10 (10) 14 (7) 0.034

TSS total (points) 45 (45) 89 (89) 0.002

TSS erosion (points) 21 (25) 47 (54) 0.0012

TSS JSN (points) 25 (22) 42 (38) 0.007

Relative erosion score wrist (%) 42 (33) 29 (23) 0.017

Relative erosion score MCP (%) 14 (23) 18 (17) > 0.05

Relative erosion score PIP (%) 9 (19) 7 (12) > 0.05

Relative erosion score foot (%) 27 (34) 44 (26) 0.004

Relative JSN score wrist (%) 40 (32) 33 (28) > 0.05

Relative JSN score MCP (%) 35 (32) 38 (28) > 0.05

Relative JSN score PIP (%) 2 (6) 4 (7) > 0.05

Relative JSN score foot (%) 22 (28) 25 (23) > 0.05

DXR bone mineral density (g/cm2) 0.390 (0.062) 0.3750 (0.061) > 0.05

DXR metacarpal index (MCI) 0.367 (0.078) 0.350 (0.069) > 0.05

DXR cortical thickness (cm) 0.120 (0.023) 0.115 (0.023) > 0.05

DXR metacarpal bone width (cm) 0.660 (0.070) 0.669 (0.049) > 0.05

Carpal fusion 1.07 (1.43) 1.34 (1.60) > 0.05

Fig. 1 Erosion distribution
between different compartments
(PIP, MCP, carpal, and foot) for
seropositive (spRA) and seroneg-
ative (snRA) rheumatoid arthritis.
Statistical comparison using the
Mann-Whitney test
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Concerning JSN, there was a significant difference in com-
partment JSN for the MCP, PIP, and foot joints (all p < 0.01)
(Fig. 2), with higher scores found in the seropositive group. In
the wrist compartment, there was no significant difference
(11.3 ± 12.4 vs. 13.8 ± 14.3, p = 0.33).

For single joints, we found significant JSN differences for
MCPs II–V (all p < 0.001); PIPs II, III, and V (all p < 0.05);
and MTPs II–V (all p < 0.001). No significant differences
were found for the carpal joints, the interphalangeal I joint,
PIP IVof the hand, or MTP and PIP I of the foot.

For relative JSN scores, no differences were found between
the two groups.

Thedegreeofcarpalfusiondidnotdiffersignificantlybetweensero-
negativeandseropositivepatients(1.1±1.6.vs.1.7±1.3,p=0.23).

Digital X-ray radiogrammetry

There were 13 seronegative and 9 seropositive patients for
whom scoring according to the DXR algorithm was not pos-
sible. The DXR scores for the remaining patients did not differ
significantly between the two groups (DXR-BMD 0.390 ±
0.062 vs. 0.3750 ± 0.061; DXR-MCI 0.367 ± 0.078 vs.
0.350 ± 0.069; DXR-CT 0.120 ± 0.023 vs. 0.115 ± 0.023;
DXR-W 0.660 ± 0.0.070 vs. 0.659 ± 0.049; all p > 0.25).

Visual qualitative analysis

In the qualitative evaluation, we found subtle differences be-
tween the two groups. Even in the case of subluxation or

luxation, there were rarely any classical erosions in the MCP
joints of seronegative patients, whereas severely affected se-
ropositive patients always displayed such erosions.

Although carpal damage was similarly common and exten-
sive in both groups, the two forms were visually different. In
seropositive patients, carpal damage resulted in Bcarpal fusion,^
in which the intercarpal joint spaces narrowed and ultimately
resulted in complete ankylosis, also encompassing the
carpometacarpal joints, but the resulting structure, the Bcarpal
bone,^ roughly retained its apicobasal length, and also the
carpometacarpal alignment. Patients with pronounced carpal
fusion generally also had severe erosions of the MCP joints.

In seronegative patients, this form of Bcarpal fusion^ was
only rarely observed; instead, the carpal ossicles of these
patients were almost completely obliterated and the carpus con-
sequently shortened. The periarticular ossification described by
Burns/Calin wasmanifested in these patients. This aspect, a sort
of Bcarpal dissolution,^ was reminiscent of a burnt-down can-
dle surrounded by wax residues. The carpometacarpal joints
were generally intact, or at most slightly altered in these pa-
tients. Even in severely damaged hands, or in luxated MCP
joints, there were hardly any classical erosions visible (Fig. 3).

Discussion

This study describes qualitative and quantitative differences
between seropositive and seronegative RA on plain X-ray
films of hands and feet. Total TSS score is lower in

Fig. 2 JSN (joint space
narrowing) distribution between
different compartments (PIP,
MCP, carpal, and foot) for
seropositive (spRA) and seroneg-
ative (snRA) rheumatoid arthritis.
Statistical comparison using the
Mann-Whitney test
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seronegative RA, both regarding erosions and JSN. This was
expected.

Although disease duration is different between groups,
with seropositive patients having longer disease duration, we
do not believe that this alone explains our results. Firstly, the
difference, though statistically significant, is not particularly
large (14 vs. 10 years). Secondly, the correlation between
disease duration and TSS, although also statistically signifi-
cant, is relatively weak. Thirdly, and more fundamentally, the
different patterns of damage constitute a strong argument
against this explanation. It has been shown that the
metatarsophalangeal joints are most strongly affected in early
RA [19], and if disease duration were the sole deciding factor,
then seronegative patients (with shorter disease duration)
should have displayed a higher relative affection of the foot
compartment, where erosions are thought to occur earlier. In
this study, however, seronegative patients displayed little foot
affection, compared with seropositive patients, suggesting that
the course of radiologic damage as seen in seropositive pa-
tients does not apply for seronegative RA.

Instead, seronegative RA patients predominantly display
carpal damage, and a sparing of the feet. Notably, there is little
difference between the respective joints within every compart-
ment, with no single joint standing out. Otherwise in seropos-
itive RA, where the foot compartment is the most severely
affected, and there are considerable intracompartmental differ-
ences. These are most marked in the MCP and foot compart-
ments, with MCP II and III, and MTP V more severely affect-
ed than the other joints. In these compartments, the most se-
verely affected joints are those with the highest exposition to
physical strain, indicating that microtraumata may play a
greater role in erosion formation in seropositive than in sero-
negative RA. This fits well with previous findings showing
that bone marrow edema (BME) detected by magnetic reso-
nance imaging in RA is associated with erosions [20, 21], and
that BME is associated with ACPA/RF positivity [22].

The relative erosion scores show that damage in seronega-
tive RA predominantly occurs in the wrist, whereas the most
erosions in seropositive RA occur in the MTP joints. This is
relevant for regular patient care, suggesting that more empha-
sis should be placed on foot examination and regular X-ray
controls, especially for seropositive patients.

In our view, the different patterns constitute a clear argu-
ment for seropositive and seronegative RA involving different
pathophysiological pathways. The higher erosion rate in sero-
positive RA, the predominance of the MCP II and III, and
MTP V joints in these patients, combined with the association
with BME, indicate that physical strain plays an important role
in seropositive RA. This is congruent with previous biome-
chanical findings [23], and with the greater severity of bone
damage in the dominant hand [24]. This effect cannot be seen
in seronegative RA. Seronegative RA commonly presents
with tendinitis of the wrist tendons; the predilection for non-
erosion carpal damage might result from this process.

Our study supports the findings by Burns/Calin that
juxtaarticular osteosclerosis is a trait of seronegative RA.
Carpal fusion did not differ significantly between the groups;
the radiological aspects, however, were very different. It is
likely that Burns’/Calin’s impression that wrist affection is
more common in seronegative RA is caused by the relative
prevalence of wrist affection in these patients. When compar-
ing the carpal and MCP compartments, the lack of MCP af-
fection in the latter group makes the degree of carpal affection
more striking, even if total wrist damage is similar. Arguably,
it would be prudent to limit initial studies on seronegative RA
to patients with wrist arthritis, as has been suggested else-
where [9]. However, it must be stressed that our scoring meth-
od for carpal fusion has not been validated and that these
results must be considered preliminary.

An important extension of our study would be to examine
the relevance of ACPA and RF separately, i.e., which of the
two factors is more relevant for erosion distribution.

Fig. 3 Comparison of X-ray im-
ages of advanced carpal destruc-
tion in seropositive (spRA) and
seronegative (snRA) rheumatoid
arthritis. Arrows: juxtaarticular
ossification (only in snRA).
Arrowheads: carpometacarpal
joint obliteration in spRA, but not
in snRA. Asterisks: Metacarpal
capitula with erosions in spRA
but not in snRA. Note the short-
ening of the carpal structures and
the radial shift of the metacarpus
in the seronegative patient
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According to our study, Bclassical^ erosions appear rela-
tively rare in seronegative RA, whilst other forms of damage
can be debilitating. The 2010 ACR/EULAR criteria [3] do not
take this into account. The need for either more than ten joints
or Bclassical^ erosion before the diagnosis can be made could
delay diagnosis and instigation of treatment. In clinical prac-
tice, this appears to be the case [25]. The presence of a
Btherapeutic window^ of about 6 months, during which the
benefits of therapy are more pronounced [26], makes the po-
tential consequences of this delay severe. Admittedly, the pres-
ence of a therapeutic window in seronegative RA has never
been shown directly. Still, our results suggest that a revision of
the diagnostic and/or classification criteria for seronegative
RA, as suggested elsewhere [9, 25] should be considered.

Arguably, the TSS’ emphasis on erosions, and on finger and
toe joints, makes it less than ideal for evaluating seronegative
RA, where such damage is less prominent. Considering how
even subluxated or luxated MCP joints display few or no classi-
cal erosions, this point is particularly salient. A new X-ray scor-
ing system for evaluating seronegativeRAmight be provident, to
facilitate comparison and enable new research into pathophysi-
ology and treatment response. This system could include carpal
fusion, juxtaarticular ossification, and possibly joint space
narrowing for the metacarpophalangeal joints.

Using DXR, we found no significant difference between the
two forms. Periarticular mineralization was lower in seropositive
RA. These data highlight that seropositive RA is associated with
advanced bone destruction and support the findings of Bøyesen
et al. [27] that ACPA positivity is an independent predictor of
metacarpal periarticular demineralization as detected by DXR.

Limitations

Due to the presence of erosions, all patients included in this
study fulfilled the 2010 ACR criteria; all patients were classi-
fied as RA. However, it is possible that some of the seroneg-
ative patients had other forms of joint disease. Our method for
quantifying carpal fusion has not been validated. The differ-
ence in disease duration is another possible confounder, as
discussed above.

Conclusion

This study suggests that radiological damage in seropositive
and seronegative RA are quantitatively and qualitatively dif-
ferent. Seronegative RA chiefly affects the wrist and can cause
complete carpal dissolution. Joint damage in seronegative RA
does not appear to be erosion dependent and does not cause
axis deviation of the digits. The difference in joint distribution
and morphology indicates that the underlying pathophysio-
logical processes are different.

Compliance with ethical standards

Disclosures None.
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