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Abstract

Background: Rheumatoid arthritis (RA) is a systemic autoimmune disorder characterized by chronic inflammation lead-
ing to joint erosions and functional impairment. Early detection of joint damage is critical for effective treatment and
improved patient outcomes. This study evaluates the diagnostic utility of conventional radiography in detecting joint
erosions in RA patients compared to individuals with arthralgia without arthritis findings.

Methods: This retrospective cross-sectional study included 42 RA patients diagnosed based on the 2010 ACR/EULAR
classification criteria and 44 age- and gender-matched individuals with arthralgia but no arthritis findings. Conven-
tional radiographs of hand and foot joints were evaluated for erosions by a single rheumatologist in a blinded fashion.
Intra-observer reliability was assessed using Cronbach’s alpha. Statistical analyses were conducted using t-tests, chi-
square tests, and Mann-Whitney U tests.

Results: Hand radiographs showed significantly higher erosion counts in RA patients compared to the arthralgia group
(p <0.01). Erosion rates in foot joints were less prevalent and showed no significant difference between groups (p > 0.99).
Intra-observer reliability for hand radiographs was excellent (Cronbach’s alpha: 0.897), underscoring the reliability of
conventional radiography. However, foot radiographs exhibited reduced evaluability due to technical challenges.

Conclusion:Hand radiographs are a reliable and practical tool for early detection and monitoring of joint erosions in
RA, particularly in hand joints. Foot radiographs, though less reliable, may require methodological enhancements for
broader applicability. Conventional radiography remains a cost-effective diagnostic approach while advanced imaging
modalities such as MRI and ultrasonography offer complementary benefits.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune dis-
ease marked by persistent synovial inflammation. This
process leads to progressive cartilage loss and bone ero-
sion. RA affects approximately 0.5% to 1% of the popula-
tion and causes cumulative joint damage, functional disa-
bility, and impaired quality of life.(1) Erosions are central
features of the disease and are associated with worse
long-term outcomes.(2) Early detection is essential for
guiding treatment, particularly in the initial phase, when
timely intervention may alter disease progression.(3)

Conventional radiography is widely used for evaluating
structural joint damage in RA. It helps identify bone ero-
sions and joint space narrowing and remains a standard
imaging method in clinical and research settings.(4) Al-
though ultrasound and MRI are more sensitive for early
changes, radiographs are still preferred in many settings
due to their low cost, reproducibility, and broad availabil-
ity.(5, 6) Several scoring systems, including the Sharp and
Larsen methods, have been developed to quantify joint
damage and monitor disease progression over time.(4, 7)

Erosions are commonly considered a specific feature of
RA. However, studies have reported erosive changes
in individuals without established arthritis, including
those with non-specific arthralgia or even healthy sub-
jects.(8) This challenges the diagnostic specificity of ero-
sions, particularly in the early or preclinical stages of the
disease. The clinical relevance of erosions in individuals
who do not meet RA classification criteria is not well de-
fined. It remains unclear whether these findings indicate

early RA or represent non-inflammatory processes.

This study aimed to compare the presence of radio-
graphic erosions in hand joints between patients with
rheumatoid arthritis and individuals presenting with ar-
thralgia but lacking clinical signs of arthritis. By provid-
ing comparative data between these groups, we sought
to explore whether conventional radiography may assist
in differentiating rheumatoid arthritis from non-inflam-
matory joint symptoms in routine clinical evaluation.

MATERIALS AND METHODS

Study Design and Participants

This retrospective cross-sectional study involved 42 pa-

tients aged 18 years and older diagnosed with RA based
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on the 2010 ACR/EULAR classification criteria for a min-
imum of six months between December 2014 and Decem-
ber 2015, and 44 individuals presenting with arthralgia,
but lacking arthritis findings based on anamnesis and
physical examination between June 2017 and June 2018.
The inclusion criteria for RA patients required a minimum
of six months' diagnosis and the absence of arthritis find-
ings in the arthralgia group. Exclusion criteria included

pregnancy, age below 18 years, and refusal to participate.

Radiological Evaluation

An experienced rheumatologist evaluated the conven-
tional radiographs of the hand and foot joints for the
presence of bone erosions. Erosions were defined as
discrete, well-demarcated interruptions in the normal-
ly smooth cortical bone contour, most often located at
the marginal (bare) areas of synovial joints, where car-
tilage is absent. These lesions typically appear as small,
irregularly shaped lucencies with sharp borders and are
considered characteristic findings in inflammatory joint
diseases such as rheumatoid arthritis. The definition
was based on established radiographic criteria used in
rheumatologic imaging literature.(4, 9) Although vali-
dated scoring systems such as Sharp or Larsen were not
used, binary visual assessment was performed to mirror

routine clinical practice.

All radiographs were anonymized by assigning sequen-
tial numbers and then randomly reordered prior to eval-
uation. The rheumatologist was blinded to all clinical
and demographic data. To assess intra-observer relia-
bility, the same evaluator re-examined the radiographs
one month later in a different random sequence. This
second evaluation was performed solely for reproduci-
bility analysis and not for clinical follow-up. Agreement

between the two assessments was analyzed statistically.

Ethical Approval

The research complied with the Declaration of Helsinki
and obtained approval from the pertinent ethics com-
mittee (Decision No. 2018/1538, dated October 26, 2018).

Data Collection

Demographic and clinical data were retrospectively
gathered from patient records and electronic health re-
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cords. The parameters analyzed encompassed age, gen-
der, rheumatoid factor (RF) and anti-cyclic citrullinated
peptide (anti-CCP) antibody status, arthritis duration,
arthralgia duration, and the presence and quantity of
joint erosions identified through direct radiographs. Ar-
thritis duration in the RA group was defined as the time
(in months) from the onset of joint symptoms to the date
of radiographic evaluation. Similarly, arthralgia dura-
tion in the arthralgia group was defined as the time (in
months) from the onset of joint pain (without clinical
signs of arthritis) to the radiographic assessment date.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics version 22.0 (IBM Corp., Armonk, NY, USA).
The Shapiro-Wilk test was employed to evaluate the
normality of continuous variables. For normally distrib-
uted data, independent samples t-tests were applied;
for non-normally distributed data, the Mann-Whitney
U test was used. Categorical variables were examined
utilizing the chi-square test or Fisher’s exact test, de-
pending on expected cell counts. Paired categorical data
within the RA group (e.g., comparison of erosion pres-
ence in hand versus foot joints) were analyzed using the
McNemar test. The intra-observer agreement between
the initial and subsequent radiographic assessments
was evaluated using the intraclass correlation coeffi-
cient (ICC) and Cronbach's alpha coefficients. A p-value
of less than 0.05 was deemed statistically significant.

RESULTS

Demographic, Clinical, and Serological
Characteristics of the Study Groups

The mean age of the 42 patients diagnosed with rheuma-
toid arthritis (RA) was 55.1 + 11.8 years. Among them,
35 (83.3%) were female and 7 (16.7%) were male. In the
arthralgia group (n = 44), the mean age was 55.0 = 11.8
years, with 37 (84.1%) female and 7 (15.9%) male partic-
ipants. There were no statistically significant differences
between the groups in terms of age and sex distribution
(p=0.978 and p > 0.99, respectively).

In the RA group, the mean time from the onset of initial
joint symptoms to the date of radiographic assessment

(arthritis duration) was 54.2 + 32.5 months, with a medi-

an of 56.5 months (range: 8-161). Regarding serological
parameters, rheumatoid factor (RF) positivity was ob-
served in 64.3% of patients, and anti-cyclic citrullinated
peptide (anti-CCP) antibody positivity in 47.6%.

In the arthralgia group, the mean time from the onset of
joint pain to radiographic assessment (arthralgia dura-
tion) was 7.3 + 3.8 months, with a median of 7.0 months
(range: 2-24).

Comparison of Erosion Positivity Between
Paired Joint Groups in RA Patients

An intra-group analysis was conducted among patients
with rheumatoid arthritis to compare the distribution of
erosions between hand and foot joints within the same
individuals. The presence of erosions was more frequent-
ly observed in the hand joints, including both the wrists
and small joints, compared to the corresponding joints in
the feet. This pattern was consistent when the wrist and
small joints were analyzed separately. In all comparisons,
the difference in erosion positivity between hand and
foot joints was statistically significant (p < 0.05) (Table 1).

Comparative Evaluation of Erosion Presence by
Joint Region Between RA and Arthralgia Groups

The frequency of joint erosions was compared between
patients with rheumatoid arthritis (RA) and those in the
arthralgia group for each anatomical region. A signif-
icantly higher number of individuals in the RA group
exhibited erosions in the hand joints compared to the
arthralgia group (p < 0.05).

In particular, erosions were more commonly observed
in the right and left wrist joints and in the right and left
small hand joints among RA patients. All of these differ-
ences were statistically significant.

In contrast, there were no significant differences be-
tween the two groups regarding the presence of ero-
sions in the foot joints, including both the ankle and
small joints (p > 0.05) (Table 2).

Intra-Observer Reliability Assessment

To assess intra-observer reliability, all radiographic im-
ages were re-evaluated by the same investigator one

month after the initial reading. In the first evaluation, a
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Table 1. Comparison of Erosion Positivity Between Paired Joint Regions in RA Patients

Comparison Hand Only Foot Only Both Positive Both Negative value*
P Positive (n) Positive (n) (n) (n) -

Total Hand Jomts Vs 1 1 4 25 0.003
Total Foot Joints
Ha.nd Wrist vs Foot - 0 2 33 0.016
Wrist
Hand Small ].omts Vs 13 1 2 2% 0.002
Foot Small Joints
*p-values were calculated using McNemar test.
Table 2. Joint-Based Comparison of Erosion Positivity Between RA and Arthralgia Groups

Table 2. Joint-Based Comparison of Erosion Positivity Between RA and Arthralgia Groups

. Arthralgia
X . RA Erosion n 1,{A LR Arthralgia Patients with p-value
Joint Region with Evaluated .
(%) Radiographs (1) Erosion n (%) Evaluated (test)
grap Radiographs (n)

Total hand joints 16 (38.1%) 42 5(11.4%) 44 0.008*
Right wrist 7 (17.5%) 40 0(0.0%) 42 0.015**
Right small hand 14 (35.0%) 40 5 (11.9%) 2 0.027*
joints
Left wrist 8(20.0%) 40 0(0.0%) 42 0.007**
Left small hand 10 (25.0%) 40 2 (4.8%) 2 0.023*
joints
Total foot joints 5 (11.9%) 42 4(9.1%) 44 0.941**
Right ankle 1(2.9%) 34 0(0.0%) 34 >(0.99**
Right small foot 4 (11.8%) 34 4(11.8%) 34 >0.99*
joints
Left ankle 1(3.0%) 33 0(0.0%) 34 >0.99**
Left small foot joints 2(6.1%) 33 2(5.9%) 34 >0.99**
p-values were calculated using Pearson’s chi-square test (*), or Fisher’s exact test (**), depending on expected cell counts.
RA: Rheumatoid arthritis
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total of 58 erosions were identified (51 in the RA group
and 7 in the arthralgia group), whereas 46 erosions were
recorded in the second evaluation (39 in the RA group
and 7 in the arthralgia group).

When erosion counts were compared between the first
and second assessments for both hand and foot joints,
no statistically significant differences were observed
(Table 3).

When analyzed separately, the reproducibility of ero-
sions in the hand joints was markedly higher than in

the foot joints. In the overall cohort, 82.9% of the ero-
sions identified in hand joints during the first evalua-
tion were also detected in the second evaluation, com-
pared to only 18.0% in foot joints. This pattern was
consistent in subgroup analyses of RA and arthralgia
patients (Table 4).

Intra-observer agreement was further evaluated using
the intraclass correlation coefficient (Cronbach’s alpha),
which was calculated as 0.897 (95% CI: 0.842-0.933; p <
0.001), indicating a high level of consistency.

Table 3. Comparison of Erosion Counts Between First and Second Evaluations in RA and Arthralgia Groups

Parameter First Evaluation (n) Second Evaluation (n) p-value
Total erosions 58 46 0.105
Hand joint erosions 47 43 0.429
Foot joint erosions 11 3 0.074
Statistical test: Wilcoxon signed-rank test.

Table 4. Table 4. Intra-Observer Reproducibility of Erosion Positivity Between First and Second Evaluations (%)

Grou Hand Joints 1—2 Foot Joints Hand Joints 2—1 Foot Joints
4 (%) 1-2 (%) %) 21 (%)
All patients 82.9% 18.0% 90.6% 66.6%
RA patients 86.0% 25.0% 92.5% 66.6%
Arthralgia group 50.0% 0.0% 66.6% 66.6%

All values are expressed as percentages.
RA: Rheumatoid arthritis

1—2: Proportion of erosions detected in the first evaluation that were confirmed in the second evaluation.
2—1: Proportion of erosions detected in the second evaluation that were also present in the first evaluation.
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DISCUSSION

The present study aimed to determine whether conven-
tional radiographs can differentiate between patients
with rheumatoid arthritis and individuals with arthral-
gia who do not exhibit clinical signs of arthritis, based
on the presence of joint erosions. The results showed
that erosion rates were significantly higher in the hand
joints of RA patients, particularly in the wrists and small
joints. In contrast, no significant difference was found in
the foot joints between the two groups. These findings
emphasize the diagnostic value of hand radiographs in
clinical practice, especially for the early identification of
structural joint damage in settings where advanced im-

aging modalities may not be accessible.

Previous research has highlighted that the detection of
symmetric erosions in small joints, particularly the met-
acarpophalangeal and wrist joints, serves as a distin-
guishing feature of rheumatoid arthritis and contributes

significantly to its early diagnosis.(10)

RA patients exhibited significantly higher erosion rates
in hand joints compared to the arthralgia group. This
difference was consistently observed in both wrists and
small joints, underscoring the value of conventional
radiography in assessing joint damage. Erosions are a
hallmark of RA and are associated with poor long-term
outcomes.(11, 12) Detecting these changes early sup-
ports the making of timely therapeutic decisions. Hand
radiographs, therefore, remain a key tool in diagnostic
algorithms for suspected RA, particularly in early-stage

disease.

This pattern is consistent with findings from prior inves-
tigations, which have shown a markedly higher prev-
alence of erosions in hand joints compared to the feet
among patients with rheumatoid arthritis, underscoring

the superior diagnostic yield of hand radiographs.(13)

In contrast, no significant difference was found in foot
joint erosions between the RA and arthralgia groups.
Reproducibility was also markedly lower in foot radi-
ographs, with only 18.0% of initial findings confirmed
in the second assessment. Technical factors such as ana-
tomical complexity, overlapping structures, and subop-
timal positioning likely contributed to this discrepancy.

It has also been demonstrated that while erosions may
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occasionally be detected in the feet during early stag-
es of disease, hand radiographs generally offer greater
sensitivity and diagnostic reliability in clinical practice.
(14) Supporting this observation, earlier studies have re-
ported that conventional radiographs are diagnostically
more sensitive in detecting erosions in hand joints than
in the feet, where anatomical complexity and technical
limitations reduce evaluability.(15) Previous research
has similarly reported limited diagnostic yield from foot
radiographs and suggested oblique projections as a po-
tential solution to improve evaluability, although their

clinical adoption remains limited.(16)

Radiographic erosions were also identified in a subset
of individuals with arthralgia. These findings align with
prior evidence that erosions may occur in non-RA in-
dividuals, particularly in those with subclinical inflam-
mation or in the preclinical phase of RA.(8, 17) Since
ultrasonography was not performed in this group, the
presence of subclinical synovitis could not be exclud-
ed. Studies employing power Doppler ultrasonography
have demonstrated its ability to detect early inflam-
mation and predict disease progression in individuals
at risk.(18, 19) Incorporating ultrasonography in such
populations may improve early identification and risk

stratification.

The findings corroborate the existing literature, which
emphasizes the diagnostic and prognostic value of hand
radiographs in RA, especially in early-stage disease.(4,
6, 7) However, the absence of formal scoring systems in
this study limited the capacity to quantify erosion sever-
ity or assess longitudinal progression. Although visual
identification is a common clinical practice, validated
scoring methods such as the Sharp, Larsen, or Simple
Erosion Narrowing Score (SENS) offer enhanced repro-

ducibility and tracking over time.(9, 20, 21)

Conventional radiography remains the most accessible
and widely used imaging method, particularly in re-
source-limited settings. Digital radiography offers ad-
ditional advantages, including reduced radiation expo-
sure and improved image resolution. When integrated
with artificial intelligence-based analysis tools, digital
platforms may further enhance the precision, consist-
ency, and speed of erosion detection.(4, 22) In recent

studies, Al-supported systems demonstrated potential
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to assist clinicians in both screening and monitoring
disease progression through automated interpretation

of radiographic data.

Moreover, combining conventional radiography with
advanced imaging modalities—termed composite im-
aging—can improve diagnostic yield. For example, the
concurrent use of ultrasound enables the identification
of early synovitis, while MRI may detect bone marrow
edema and subtle erosions that are invisible to radio-
graphs.(5, 23) These strategies are particularly beneficial
in patients with ambiguous symptoms or early undif-
ferentiated arthritis. Optimizing such multimodal ap-
proaches through standardized protocols and clinician
training may significantly enhance diagnostic accuracy

in RA care.

The study demonstrated high intra-observer reliability
for hand radiographs, as indicated by a Cronbach’s al-
pha of 0.897. This supports the reproducibility of visual
erosion assessment in the hands of experienced individ-
uals. Prior studies have also reported that evaluating
radiographs in a chronological sequence, rather than
in random order, can further improve observer agree-
ment and efficiency.(24) However, reproducibility was
notably lower in the foot joints, reinforcing the need for
technical improvements and standardized protocols to
enhance image quality and consistency in interpretation

in this region.(25)

A key strength of this study is the blinded and repeat-
ed evaluation of all radiographs by a single experienced
rheumatologist, ensuring a high degree of intra-observ-
er reliability. Moreover, the direct comparison between
RA and arthralgia groups provides valuable insight into
the diagnostic value of radiography in varying clinical
settings. However, several limitations must be acknowl-
edged. First, the retrospective and single-center design
may restrict the generalizability of the findings. Sec-
ond, inter-observer variability was not assessed, which
limits the external reproducibility of the visual erosion
assessments. Third, although visual binary evaluation
reflects routine clinical practice, the absence of validated
radiographic scoring systems such as the Sharp, Larsen,
or van der Heijde-modified methods precludes quan-
tification of erosion severity and longitudinal tracking

of structural damage. Fourth, imaging in the arthral-

gia group was restricted to conventional radiography
without adjunct modalities such as ultrasound or MRI;
therefore, the presence of subclinical synovitis could
not be excluded, which may explain the erosive find-
ings observed in a minority of these individuals. Last-
ly, the relatively long disease duration in the RA group
(mean over four years) may limit the applicability of
these results to patients with early or undifferentiated
RA, where radiographic findings may be more subtle

and less specific.

The current results reinforce the clinical value of hand
radiographs as a reliable and cost-effective diagnostic
tool in the early stages of RA. Foot radiographs, while
potentially informative, remain less consistent and
may require methodological improvements for broad-
er clinical use. Future research should aim to incorpo-
rate ultrasonography in arthralgia cohorts to assess
for subclinical inflammation, standardize radiographic
techniques—particularly for the feet—and implement
validated scoring systems to facilitate longitudinal as-
sessment. Prospective, multicenter studies integrating
composite imaging and emerging technologies such as
Al may offer promising pathways to refine diagnostic
strategies and personalize treatment in rheumatoid ar-
thritis.

Hand radiographs demonstrated clear diagnostic val-
ue in distinguishing rheumatoid arthritis from non-in-
flammatory joint symptoms, showing higher erosion
rates and reproducibility than foot radiographs. These
findings support their role as a first-line imaging tool
in early RA evaluation. The presence of erosions in ar-
thralgia patients underscores the possible role of sub-
clinical inflammation and highlights the importance
of adjunct imaging methods when clinical findings are
inconclusive. Despite limitations related to design and
methodology, this study affirms the clinical utility of
conventional radiography and emphasizes the need for
improved foot imaging protocols and integrated diag-

nostic approaches in future research.
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