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Musculoskeletal (MSK) complaints constitute 
approximately 10-20% of pediatric presentations 
in primary care clinics.1 Studies indicate that 
around 50% of children and adolescents 
experience MSK complaints at least once in 
their lifetime.1 The underlying causes of these 
complaints are highly diverse, spanning from 

benign muscular issues to rheumatic diseases 
or even malignancies. Key clinical features, 
including constitutional symptoms such as fever 
and fatigue, the nature and anatomical location 
of pain, the duration of morning stiffness, and 
abnormal findings on physical examination, 
can aid in identifying the underlying etiology. 
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ABSTRACT

Introduction. Musculoskeletal (MSK) complaints are common in children, with many cases ranging from 
benign to serious conditions. While these patients are often referred to pediatric rheumatologists, only about 
half are diagnosed with rheumatic diseases. The objective of this study is to identify key clues that assist in the 
differential diagnosis of patients presenting with joint complaints at pediatric rheumatology outpatient clinic.

Material Methods. In this one-year study, patients with joint pain were assessed using a standardized form. 
Demographic, clinical, and examination data were collected and anonymized. Initial assessments were done 
by pediatric rheumatology fellows or residents, with final diagnoses confirmed by a pediatric rheumatologist.

Results. This study included 414 patients aged 0-18 years with joint pain, of whom 273 were diagnosed with 
rheumatologic conditions and 141 with non-rheumatologic conditions. Patients with rheumatologic conditions 
had significantly higher laboratory values, including leukocyte counts, neutrophils, platelets, C-reactive protein, 
and erythrocyte sedimentation rate, all with p < 0.001. Multivariable analysis revealed that arthritis (adjusted 
odds ratio [aOR] 2.63, 95% confidence interval [CI] 1.09-6.33) and rash (aOR 4.37, 95% CI 1.38-13.86) predicted 
rheumatic disease in acute presentations, while in chronic complaints arthritis (aOR 2.61, 95% CI 1.30-5.21), 
morning stiffness (aOR 3.47, 95% CI 1.69-7.11), migratory pain (aOR 3.45, 95% CI 1.01-11.80), and fever (aOR 
12.89, 95% CI 4.41-37.68) were independent predictors, whereas myalgia was associated with non-rheumatic 
conditions (aOR 0.35, 95% CI 0.15-0.83).

Conclusion. In conclusion, this study emphasized the importance of clinical clues in diagnosing rheumatic 
diseases in children with joint pain. An accurate diagnosis depends on a thorough history and physical 
examination. Improving the differential diagnosis of joint pain is essential to reduce unnecessary referrals and 
enhance the efficiency of healthcare services.
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Certain “red flags” also assist clinicians in 
the differential diagnosis. Many patients 
presenting with joint pain, fever of unknown 
origin, elevated acute phase reactants (APRs), 
or positive anti-nuclear antibody (ANA) are 
often referred to pediatric rheumatologists. 
However, the underlying causes frequently 
include infectious, orthopedic, or traumatic 
conditions, which can be managed by primary 
care pediatricians.2 Studies have shown that only 
about half of patients referred to rheumatology 
clinics ultimately receive a rheumatic disease 
diagnosis.3-5 

Previous studies have demonstrated that 
isolated musculoskeletal pain has poor 
predictive value for rheumatic disease, as most 
children with chronic arthritis present instead 
with joint swelling or gait abnormalities.6 
Additionally, multiple cohorts have reported 
that only 40%-55% of children referred to 
pediatric rheumatology ultimately receive a 
rheumatic diagnosis, contributing to significant 
over-referral and unnecessary specialist 
burden.4,5 Although several studies have 
attempted to identify predictors of juvenile 
idiopathic arthritis (JIA) or chronic arthritis, 
these models were developed in selected 
populations and have not been validated in 
heterogeneous groups of children presenting 
with any type of MSK complaint.7,8 Despite 
the large number of referrals, there is limited 
evidence identifying which specific clinical and 
laboratory features most reliably distinguish 
rheumatic from non-rheumatic causes of joint 
pain in children. Existing decision-support 
tools, such as SimulConsult, show potential but 
remain underutilized in daily clinical practice, 
emphasizing the need for real-life data to guide 
diagnostic frameworks.2

Therefore, the primary objective of this study 
was to identify clinical and laboratory predictors 
that distinguish rheumatic from non-rheumatic 
conditions in children presenting with joint 
complaints. We hypothesized that specific 
features—particularly arthritis, rash, morning 
stiffness, and fever—would strongly predict 
rheumatic disease in both acute and chronic 

presentations. This study aimed to analyze data 
from children with joint complaints presenting to 
a pediatric rheumatology outpatient clinic over 
a one-year period, in order to assist clinicians 
in evaluating these patients. This approach will 
provide a practical method for pediatricians 
working in emergency or outpatient settings 
to use in the differential diagnosis of patients 
presenting with joint pain.

Materials and Methods

Study population

In this one-year observational study, all 
patients presenting with joint pain to the 
pediatric rheumatology outpatient clinic were 
systematically evaluated using a standardized 
assessment form.

Demographic data, including age, gender, 
consanguinity, and family history of rheumatic 
diseases, were meticulously collected as part 
of the patient evaluation. Clinical features, 
such as the nature, duration, and severity of 
joint pain, the presence of systemic symptoms 
(e.g., fever, fatigue), and findings from the 
physical examination (e.g., joint swelling, 
range of motion), were also systematically 
documented. All data were anonymized to 
ensure confidentiality, with each patient 
assigned a unique identification code by the 
attending physician. This approach ensured that 
personal identifiers were not linked to clinical 
information during data analysis. In addition, 
the specialty of the referring physician, whether 
from pediatrics, general practice, or another 
medical field, was carefully recorded to assess 
potential patterns or referral biases in the 
patient cohort.

All patients aged 0-18 years who presented with 
joint complaints to the pediatric rheumatology 
outpatient clinic between May 2023 and May 
2024 were included in the study. Patients 
were followed until a final diagnosis could 
be confirmed; the duration of follow-up 
ranged from a single visit to several months, 
depending on the clinical context. Patients 
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with incomplete records or lacking a confirmed 
diagnosis at the end of follow-up were excluded 
from the comparative analyses. Children were 
initially assessed by a fellow of pediatric 
rheumatology fellow or a pediatric resident 
and subsequently underwent a comprehensive 
evaluation by a pediatric rheumatologist prior 
to the establishment of the final diagnosis. 
Final diagnoses were independently verified 
and documented by a pediatric rheumatology 
specialist. The diagnosis of the patients was 
made based on the classification criteria for each 
rheumatologic condition. The classification 
criteria are described in the following sentences.

Acute joint complaints were defined as 
symptoms that lasted less than 6 weeks, while 
chronic joint pain is defined was symptoms 
persisting for more than 6 weeks.

International classification criteria were used 
for patient classification. The diagnosis of 
JIA was based on the International League 
of Associations for Rheumatology (ILAR) 
classification criteria9; autoinflammatory 
recurrent fevers were classified according 
to the Eurofever/Pediatric Rheumatology 
International Trials Organisation (PRINTO) 
clinical criteria.10,11 Diagnoses of vasculitis 
followed the European League Against 
Rheumatism (EULAR)/PRINTO/Pediatric 
Rheumatology European Society (PRES) 
criteria12; Behçet’s disease (BD) was classified 
according to the Pediatric BD Consensus 
criteria.13 Systemic lupus erythematosus 
(SLE) diagnoses followed the Systemic Lupus 
International Collaborating Clinics (SLICC) 
criteria14; juvenile dermatomyositis was 
classified using the Bohan and Peter criteria.15,16 
Juvenile systemic sclerosis was diagnosed 
according to the PRES/American College 
of Rheumatology (ACR)/EULAR criteria17; 
juvenile localized scleroderma followed 
widely used recommended classification 
criteria18, fibromyalgia diagnosis was based on 
the Budapest Pain Amplification Syndrome 
criteria19, Raynaud’s phenomenon diagnosis 
used the International Consensus Criteria 20, 
and acute rheumatic fever (ARF) was diagnosed 

based on the revised Jones Criteria.21 Psoriasis, 
inflammatory bowel disease, and isolated 
uveitis were categorized under “rheumatologic 
disease” only because these patients were 
referred to pediatric rheumatology and assessed 
within the same clinical pathway.

Patients lacking clinical or laboratory indicators 
consistent with a rheumatic disease were 
classified under non-rheumatic conditions. For 
patients identified with non-rheumatologic 
conditions, diagnoses were corroborated 
and recorded by specialists from the relevant 
medical departments.

Statistical methods

All statistical analyses were performed using 
SPSS version 29.0 (IBM Corp., Armonk, NY, 
USA) and R 4.3.0 programs. The Kolmogorov-
Smirnov test was applied to assess the 
assumption of normality. Continuous variables 
were reported as medians and interquartile 
ranges (IQRs) since the normality assumption 
did not hold. Categorical variables were reported 
as counts and percentages. Comparisons of 
continuous variables between rheumatic and 
non-rheumatic groups were performed using 
Mann-Whitney U test. Associations between 
categorical variables were examined using Chi-
square test. 

Multiple logistic regression analysis was 
performed to identify risk factors for rheumatic 
disease. Variables found to be statistically 
significant in the univariate analyses were first 
selected as candidate variables, then entered 
into the least absolute shrinkage and selection 
operator (LASSO) logistic regression analysis 
for feature selection. With the parameters 
selected by LASSO regression, a multiple 
logistic regression analysis was performed to 
calculate adjusted odds ratios (aORs) and 95% 
confidence intervals (CIs). A p-value <0.05 was 
considered statistically significant. The Sankey 
diagram was constructed to visualize how 
patients transition through these key clinical 
and laboratory features and how different 
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combinations of findings contribute to the final 
classification.

Results

A total of 463 patients aged 0-18 years were 
included in this prospective study. These 
patients presented to the pediatric rheumatology 
clinic for the first time with joint pain between 
May 2023 and May 2024. Of these patients, 59% 
(n=273) received a rheumatologic diagnosis, 
while 30.5% (n=141) were diagnosed with non-
rheumatologic conditions. The final diagnoses 
of patients are depicted in Supplementary Table 
S1. The diagnoses for 5.2% (n=24) of patients 
were pending further evaluation, and 5.3% 
(n=25) were lost to follow-up before a final 
diagnosis was made (Fig. 1). Final analyses 
were conducted exclusively in the 414 patients 
with definitive diagnoses.

The initial presentation location differed 
significantly between the groups: 30% of patients 
(n=124) initially presented to the emergency 
department, while 70% (n=290) attended an 
outpatient clinic. Emergency department 
visits were more frequent among patients 
with rheumatologic conditions (n=98, 35.9%) 
compared to those with non-rheumatologic 
conditions (n=26, 18.4%; p < 0.001).

Detailed demographic, clinical, and laboratory 
data were analyzed for the 414 patients with 
a definitive diagnosis. These patients were 
classified as having either rheumatologic or 
non-rheumatologic conditions. Clinical and 
laboratory characteristics were compared 
between these groups (Table I). To further 
analyze acute and chronic joint pain, clinical 
features were compared between groups based 
on the duration of joint pain (Table II). 

Fig. 1. Distribution of patients.

https://doi.org/10.24953/turkjpediatr.2026.6305
https://doi.org/10.24953/turkjpediatr.2026.6305


İvedi H, et al Turk J Pediatr 2026; 68(1)﻿: 94-106

The Turkish Journal of Pediatrics ▪ January-February﻿ 202698

Table I. Comparison of demographic and clinical features between children diagnosed with rheumatic diseases 
and those with non-rheumatic musculoskeletal conditions

Demographic and clinical features All patients  
(n=414)

Rheumatic disease 
(n=273)

Non-rheumatic conditions 
(n=141) p value

Age, median (IQR), years 9.03 (5.95-12.34) 8.57 (5.88-11.83) 9.59 (6.13-12.94) 0.126

Sex (female/male) 202/212 140/133 62/79 0.178

Family history 108 (26.1) 73 (26.7) 35 (24.8) 0.724

Consanguinity 38 (9.2) 27 (9.9) 11 (7.8) 0.604

Arthralgia 287 (69.3) 173 (63.4) 114 (80.9) <0.001

Monoarthralgia 39 (9.4) 22 (8.1) 17 (12.1) 0.001

Oligoarthralgia 201 (48.6) 118 (43.2) 83 (58.9)

Polyarthralgia 47 (11.4) 33 (12.1) 14 (9.9)

Arthritis 154 (37.2) 122 (44.7) 32 (22.7) <0.001

Monoarthritis 69 (16.7) 41 (15) 28 (19.9) <0.001

Oligoarthritis 75 (18.1) 71 (26) 4 (2.8)

Polyarthritis 10 (2.4) 10 (3.7) 0 (0)

Redness of the joint 38 (9.2) 27 (9.9) 11 (7.8) 0.604

Warmth 40 (9.7) 27 (9.9) 13 (9.2) 0.966

Morning stiffness 69 (16.7) 52 (19) 17 (12.1) 0.095

Duration of morning stiffness
<30 min / >30 min

33 (7.9) / 36 (8.7) 22 (8) / 30 (11) 11 (7.8) / 6 (4.2) 0.109

Migratory pain 67 (16.2) 59 (21.6) 8 (5.7) <0.001

Acute joint complaints 150 (36.2) 121 (80.7) 29 (19.3) <0.001

Chronic joint complaints 264 (63.8) 152 (57.6) 112 (42.4) <0.001

Large joint 383 (92.5) 263 (96.3) 120 (85.1) <0.001

Shoulder 24 (5.8) 15 (5.5) 9 (6.4) 0.885

Elbow 33 (8) 20 (7.3) 13 (9.2) 0.629

Wrist 58 (14) 40 (14.7) 18 (12.8) 0.708

Hip 78 (18.8) 57 (20.9) 21 (14.9) 0.147

Knee 254 (61.4) 173 (63.4) 81 (57.4) 0.244

Ankle 217 (52.4) 153 (56) 64 (45.4) 0.048

Axial involvement 56 (13.5) 29 (10.6) 27 (19.1) 0.024

Neck 8 (1.9) 4 (1.5) 4 (2.8) 0.333

Lower back 39 (9.4) 17 (6.2) 22 (15.6) 0.004

Back 32 (7.7) 17 (6.2) 15 (10.6) 0.162

Small joint 21 (5.1) 15 (5.5) 6 (4.3) 0.758

Heel pain 24 (5.8) 8 (2.9) 16 (11.3) 0.001

Sacroiliitis 14 (3.4) 14 (5.1) 0 0.003

Fever 93 (22.5) 78 (28.6) 15 (10.6) <0.001

Weight loss 2 (0.5) 0 (0) 2 (1.4) 0.116

Night sweats 11 (2.7) 8 (2.9) 3 (2.1) 0.756

Abdominal pain 93 (22.5) 81 (29.7) 12 (8.5) <0.001

Myalgia 70 (16.9) 44 (16.1) 26 (18.4) 0.646

Rash 80 (19.3) 70 (25.6) 10 (7.1) <0.001

All variables except for age were categorical and presented as n (%). Age was presented as median (IQR). For comparisons in 
rheumatic vs. non-rheumatic diseases, age was compared using the Mann-Whitney U test, and categorical variables using the chi-
square test. The "All patients" column provides descriptive data and was not included in the statistical analysis. IQR, interquartile 
range.
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Table II. Comparison of demographic and clinical features between patients with rheumatic and non-rheumatic 
joint complaints, stratified by symptom duration

Acute joint complaints Chronic joint complaints

Demographic and clinical 
features

Rheumatic
disease (n=121)

Non-rheumatic 
conditions (n=29) p

Rheumatic disease 
(n=152)

Non-rhematic 
conditions (n=112) p

Age (years), median (IQR) 8.47 (5.84-11.25) 8.69 (3.96-13.39) 0.973 8.74 (5.82-12.29) 9.69 (6.84-12.96) 0.116

Female sex 65 (53.7) 14 (48.3) 0.749 75 (49.3) 48 (42.9) 0.320

Family history 24 (19.8) 4 (13.8) 0.628 49 (32.2) 31 (27.7) 0.498

Consanguinity 11 (9.1) 2 (6.9) 1.0 16 (10.5) 9 (8) 0.638

Arthralgia 52 (43) 15 (51.7) 0.520 121 (79.6) 99 (88.4) 0.084

Monoarthralgia 8 (6.6) 4 (13.8) 0.494 14 (9.2) 13 (11.6) 0.092

Oligoarthralgia 33 (27.3) 7 (24.1) 85 (55.9) 76 (67.9)

Polyarthralgia 11 (9.1) 4 (13.8) 22 (14.5) 10 (8.9)

Arthritis 78 (64.5) 13 (44.8) 0.083 44 (28.9) 19 (17) 0.028

Monoarthritis 20 (16.5) 11 (37.9) 0.001 21 (13.8) 17 (15.2) 0.002

Oligoarthritis 51 (42.1) 2 (6.9) 20 (13.2) 2 (1.8)

Polyarthritis 7 (5.8) 0 3 (2) 0

Redness in the joint 21 (17.4) 7 (24.1) 0.564 6 (3.9) 4 (3.6) 1.0

Warmth 20 (16.5) 10 (34.5) 0.056 7 (4.6) 3 (2.7) 0.525

Morning stiffness 11 (9.2) 1 (3.4) 0.462 41 (27) 16 (14.3) 0.020

Duration of morning  
stiffness >30 min

5 (45.5) 0 NA 25 (61) 6 (37.5) 0.193

Migratory pain 36 (29.8) 4 (13.8) 0.131 23 (15.1) 4 (3.6) 0.004

Large joint 120 (99.2) 24 (82.8) NA 143 (94.1) 96 (85.7) 0.037

Shoulder 6 (5) 1 (3.4) 1.0 9 (5.9) 8 (7.1) 0.884

Elbow 9 (7.4) 1 (3.4) 0.688 11 (7.2) 12 (10.7) 0.442

Wrist 20 (16.5) 2 (6.9) 0.250 20 (13.2) 16 (14.3) 0.934

Hip 26 (21.5) 7 (24.1) 0.952 31 (20.4) 14 (12.5) 0.128

Knee 71 (58.7) 13 (44.8) 0.254 102 (67.1) 68 (60.7) 0.300

Ankle 71 (58.7) 11 (37.9) 0.071 82 (53.9) 53 (47.3) 0.320

Axial involvement 5 (4.1) 3 (10.3) 0.184 24 (15.8) 24 (21.4) 0.311

Neck 2 (1.7) 0 NA 2 (1.3) 4 (3.6) NA

Lower back 2 (1.7) 1 (3.4) NA 15 (9.9) 21 (18.8) 0.058

Back 2 (1.7) 2 (6.9) NA 15 (9.9) 13 (11.6) 0.802

Small joint 7 (5.8) 3 (10.3) 0.408 8 (5.3) 3 (2.7) 0.364

Heel pain 2 (1.7) 4 (13.8) NA 6 (3.9) 12 (10.7) 0.056

Sacroiliitis 3 (2.5) 0 NA 11 (7.2) 0 0.003

Fever 22 (18.2) 10 (34.5) 0.094 56 (36.8) 5 (4.5) <0.001

Weight loss 0 0 NA 0 2 (1.8) NA

Night sweats 3 (2.5) 0 NA 5 (3.3) 3 (2.7) NA

Abdominal pain 25 (20.7) 1 (3.4) 0.054 56 (36.8) 11 (9.8) <0.001

Myalgia 29 (24) 1 (3.4) 0.026 15 (9.9) 25 (22.3) 0.009

Rash 60 (49.6) 4 (13.8) 0.001 10 (6.6) 6 (5.4) 0.881
All variables except for age were categorical and presented as n (%). Age was presented as median (IQR). For comparison in acute 
rheumatic vs. acute non-rheumatic and chronic rheumatic vs. chronic non-rheumatic diseases, age was compared using the Mann-
Whitney U test, and categorical variables using the chi-square test . IQR, interquartile range.
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Among all patients, 334 (80.7%) had no rash. 
Rash was present in 80 (19.3%) of all patients, 
with a significantly higher frequency in the 
rheumatic group (70/273, 25.6%) compared 
to the non-rheumatic group (10/141, 7.1%; 
p <0.001). Vasculitic rashes such as purpura 
(n=29, 7%) and palpable purpura (n=22, 5.3%) 
were observed predominantly in the rheumatic 
group (purpura: 9.5%, palpable purpura: 8.1%). 
Maculopapular rashes were seen in 18 patients 
(4.3%), and urticaria in 8 patients (1.9%). 
Erysipelas-like erythema (ELE) was observed 
in 3 patients (0.7%), all within the rheumatic 
group. Notably, palpable purpura and ELE 
were absent in the non-rheumatic group, 
whereas urticaria, purpura, and maculopapular 
rashes were present in only a few non-rheumatic 
patients (each n≤4).

Swollen joints were observed in 73.3% (n=113) 
of patients, with swelling, warmth (25.9%, 
n=40), and redness (24.6%, n=38) occurring 
more frequently in the rheumatologic group 
(p=0.001). Morning stiffness lasting over 30 
minutes was reported by 30 patients with a 
diagnosis of rheumatic disease, which was 
higher compared to the non-rheumatologic 
cases, but did not reach statistical significance. 
Large joint involvement was significantly higher 
in the rheumatologic disease group (96.3% vs. 
85.1%, p<0.001), and ankle involvement was 
also significantly more frequent in this group 
(56% vs. 45.4%, p=0.048). Axial joint pain was 
more common in the non-rheumatologic disease 
group (19.1% vs. 10.6%, p=0.024), as was lower 
back pain (15.6% vs. 6.2%, p=0.004). Heel pain 
was significantly more prevalent in patients 
with non-rheumatologic diseases (11.3% vs. 
2.9%, p=0.001). Sacroiliitis was significantly 
more common in the rheumatologic disease 
group (5.1% vs. 0%, p=0.003). No significant 
association was found between disease groups 
and small joint involvement. Fever was 
significantly more common in patients with 
rheumatologic diseases compared to those 
with non-rheumatologic diseases (28.6% vs. 
10.6%, p<0.001). Abdominal pain was also 
significantly more frequent in patients with 

rheumatologic diseases compared to those with 
non-rheumatologic diseases (29.7% vs. 8.5%, 
p<0.001). 

Analysis of laboratory values revealed 
significant differences between groups. 
The median leukocyte count was higher 
in rheumatologic patients than in non-
rheumatologic patients (8970/mm³, IQR: 6850-
28650 vs. 7740/mm³, IQR: 6580-9860, p<0.001). 
Similarly, median neutrophil counts (4700/mm³, 
IQR: 3540-5240 vs. 3780/mm³, IQR: 1560-6430, 
p<0.001) and platelet counts (350,000/mm³, IQR: 
228,000-442,000 vs. 311,000/mm³, IQR: 154,000-
480,000, p<0.001) were significantly higher in the 
rheumatologic group. Inflammatory markers 
were also elevated, with higher median CRP 
levels (5 mg/dL, IQR: 3.5-7.5 vs. 1.15 mg/dL, 
IQR: 0.6-2, p<0.001) and ESR values (17 mm/h, 
IQR: 10-26 vs. 10 mm/h, IQR: 6-20, p<0.001) 
compared with non-rheumatologic patients.

When clinical features were compared based on 
the duration of joint complaints, oligoarthritis 
(42.1% vs. 6.9%, p=0.001), myalgia (24% vs. 3.4%, 
p=0.026), and rash (49.6% vs. 13.8%, p=0.001) 
were more common in patients with a diagnosis 
of rheumatic disease in the presence of acute 
joint pain. Arthritis (28.9% vs. 17%, p=0.028), 
morning stiffness (27% vs. 14.3%, p=0.02), 
migratory pain (15.1% vs. 3.6%, p=0.004), large 
joint involvement (94.1% vs. 85.7%, p=0.037), 
and sacroiliitis (36.8% vs. 9.8%, p<0.001) were 
more common in patients with a diagnosis of 
rheumatic disease in the presence of chronic 
joint pain.

Development of algorithms to facilitate 
diagnosis

To determine the key factors involved in 
diagnosing rheumatic diseases, all clinical 
and laboratory data were initially subjected 
to univariate analysis. Parameters found to 
be statistically significant in the univariate 
analysis were subsequently evaluated using 
multivariate analysis to identify independent 
predictors. In LASSO logistic regression 
analysis, the presence of arthritis (aOR 2.63, 
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95% CI 1.09-6.33, p=0.031) and rash (aOR 4.37, 
95% CI 1.38-13.86, p=0.012) were independently 
associated with the diagnosis of rheumatic 
disease in patients with acute joint complaints. 
In patients with chronic joint complaints, the 
presence of arthritis (aOR 2.61, 95% CI 1.30-
5.21, p=0.007), morning stiffness (aOR 3.47, 95% 
CI 1.69-7.11, p=0.001), migratory pain (aOR 
3.45, 95% CI 1.01-11.80, p=0.049), and fever 
(aOR 12.89, 95% CI 4.41-37.68, p<0.001) were 
independently associated with the diagnosis of 
rheumatic disease. Furthermore, the presence 
of myalgia was independently associated with 
the diagnosis of non-rheumatic conditions (aOR 
0.35, 95% CI 0.15-0.83, p=0.017; Table III). Fig. 2 
presents a Sankey diagram illustrating how key 
clinical and laboratory features are distributed 
across the final diagnostic categories. Each 
vertical axis represents a diagnostic predictor 
(arthritis, migratory pain, heel pain, abdominal 
pain, neutrophils, and CRP), and the width 
of each connecting band indicates the 
proportion of patients exhibiting that feature 
in the rheumatic and non-rheumatic groups. 
This visualization highlights the strongest 
discriminative features—such as the presence of 

arthritis, migratory pain, elevated neutrophils, 
and elevated CRP—and provides a graphical 
overview of how these parameters jointly guide 
diagnostic classification. Based on the results of 
the Sankey analysis, a diagnostic decision chart 
(Fig. 3) was constructed to show the relative 
frequency of each feature in rheumatic versus 
non-rheumatic conditions.

Discussion

This study evaluated 414 children aged 
0-18 years who were referred for an initial 
pediatric rheumatology assessment due to 
joint pain, aiming to identify clinical features 
predictive of rheumatic diseases through 
LASSO logistic regression analysis. The model 
demonstrated that distinct clinical indicators 
were associated with rheumatic diagnoses in 
acute versus chronic presentations. The analysis 
revealed that arthritis and rash were the most 
informative features in acute presentations, 
whereas in chronic cases, a combination of 
arthritis, morning stiffness, migratory joint 
pain, and fever showed strong associations with 
rheumatic diagnoses. 

Table III. Univariable and multivariable logistic regression analysis results for predictors of rheumatic disease 
among children with musculoskeletal complaints, stratified by acute and chronic symptom duration

Univariable Analysis Multivariable Analysis
OR (95% CI) p aOR (95% CI) p

Acute joint complaints
Arthritis 2.23 (0.98-5.08) 0.055 2.63 (1.09-6.33) 0.031
Myalgia 8.83 (1.15-67.73) 0.036 6.11 (0.73-51.06) 0.095
Rash 6.15 (2.02-18.73) 0.001 4.37 (1.38-13.86) 0.012
Chronic joint complaints
Arthritis 1.99 (1.09-3.65) 0.025 2.61 (1.30-5.21) 0.007
Morning stiffness 2.22 (1.17-4.19) 0.015 3.47 (1.69-7.11) 0.001
Migratory pain 4.81 (1.62-14.35) 0.005 3.45 (1.01-11.80) 0.049
Large joint 2.65 (1.12-6.24) 0.026 1.69 (0.65-4.41) 0.278
Fever 12.48 (4.80-32.45) <0.001 12.89 (4.41-37.68) <0.001
Abdominal pain 5.36 (2.65-10.83) <0.001 2.33 (0.99-5.43) 0.051
Myalgia 0.38 (0.19-0.76) 0.006 0.35 (0.15-0.83) 0.017
Multivariable analysis was performed using the least absolute shrinkage and selection operator (LASSO) method. Odds 
ratios (OR) and adjusted odds ratios (aOR) are presented with 95% confidence intervals (CI). 
Variables with statistically significant associations in univariable analysis were included in the LASSO model to identify the 
most predictive features for rheumatic diagnosis. Separate models were constructed for acute and chronic subgroups.
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The Sankey diagram in our study provides 
a clinically meaningful visualization of how 
individual clinical features are distributed 
across rheumatic diseases and non-rheumatic 
conditions, highlighting the relative diagnostic 
weight of key predictors such as arthritis, 
migratory pain, neutrophilia, and elevated CRP. 
By mapping these feature patterns, the diagram 
helps clinicians focus on the most informative 
clinical findings during the initial assessment 
of joint complaints. Complementing this, Fig. 3 
provides a simplified visual comparison of the 
presence or absence of these predictors, enabling 
rapid estimation of rheumatic disease likelihood 
in routine clinical practice. The prevalence 
of pediatric rheumatic diseases varies across 
geographical regions. For example, familial 
Mediterranean fever (FMF) is more prevalent 
in countries within the Mediterranean region, 
BD is commonly observed along the historical 
Silk Road, and SLE occurs more frequently in 

African-American populations.5,22 A previous 
study from our country reported that 52% of 
all first referrals to the pediatric rheumatology 
department were diagnosed with a rheumatic 
disease, while 42% had non-rheumatic 
conditions. Among rheumatic diseases, FMF 
was the most common diagnosis, followed by 
JIA and vasculitis. In contrast, orthopedic or 
mechanical problems (24.7%) were the most 
frequent non-rheumatic conditions.5 Although 
our study differed from previous ones by 
including only children with joint pain, the 
most common diagnoses among rheumatologic 
diseases were still FMF and JIA, while 
orthopedic and mechanical causes were the 
most frequent non-rheumatologic conditions. 
Fever and abdominal pain, prominent features 
of FMF, were also significantly more common 
in patients with rheumatologic diseases in our 
cohort.

Fig. 2. Sankey diagram visualizing the relationship between key clinical features and the final diagnosis of 
rheumatic disease. Each vertical column indicates a diagnostic parameter, and the width of each connecting 
band reflects the proportion of patients moving between feature categories. The figure visually highlights the 
most discriminative factors used to construct the proposed clinical flowchart.
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Pediatric rheumatology referrals are most often 
driven by joint pain or swelling, abnormal 
laboratory results such as elevated APRs 
and positive ANA, and unexplained fevers. 
However, these findings may suggest a wide 
range of underlying diseases, including 
infectious, genetic, hematologic, or orthopedic 
conditions.6 Despite substantial advancements 
in laboratory diagnostics, the cornerstone 
of the diagnostic process continues to be 
a comprehensive medical history and a 
detailed physical examination. Given the 
frequent occurrence of joint pain in pediatric 
populations, it is crucial to carefully consider 
the duration and temporal pattern of symptom 
onset in the diagnostic assessment. For 
instance, pain that exacerbates with activity and 
progresses throughout the day, coupled with 
worsening swelling, should raise suspicion for 
a mechanical etiology. Algorithms that assist 
clinicians in making differential diagnoses can 

help reduce unnecessary referrals. Pilot studies 
have been conducted on this topic. For instance, 
Segal et al.2 developed decision support 
software aimed at minimizing diagnostic errors 
in pediatric rheumatology practice (available 
at www.simulconsult.com). SimulConsult has 
expanded the diagnostic scope of complex 
cases, increased the success rate of early-stage 
diagnoses, and achieved results comparable to 
those of traditional assessments performed by 
experienced pediatricians.2 Len et al.23 proposed 
a questionnaire designed to facilitate the early 
identification of patients suitable for referral to 
pediatric rheumatology centers. Their 12-item 
score identified candidates for referral based 
on symptom patterns, with a cutoff score of 
5. Structured tools such as SimulConsult or 
the 12-item referral questionnaire proposed 
by Len et al. offer algorithmic or score-based 
support for triage decisions.2,23 However, our 
study complements these tools by identifying 

Fig. 3. Decision chart from Sankey analysis for children with musculoskeletal complaints. Each row represents 
a clinical variable included in the Sankey analysis. Columns show how the presence or absence of each 
feature relates to rheumatic versus non-rheumatic outcomes. Green boxes indicate features more common in 
a diagnostic group, suggesting a higher likelihood of that category. Red boxes represent less frequent features, 
indicating a lower likelihood. Orange boxes show features with a weaker association with the diagnostic group 
but limited discriminative strength. 
CRP: C-reactive protein.

http://www.simulconsult.com
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diagnostic clues grounded in real-world 
observational data, such as the presence of 
morning stiffness or oligoarthritis in patients 
with chronic versus acute symptoms. Apart 
from such approaches, studies based on real-life 
patient data can assist clinicians in guiding the 
diagnostic process. There are a limited number of 
studies conducted with this objective. Cattalini 
et al.8 developed a predictive score for chronic 
arthritis in a cohort of children presenting with 
MSK complaints, achieving a sensitivity of 
90.9% and a specificity of 95.3%. It incorporated 
clinical variables such as prolonged morning 
stiffness, non-mechanical pain, and limping. 
According to the study, recurrent pain occurring 
more than once a month was strongly associated 
with noninflammatory disorders, with evening/
night pain more common in these patients. 
Pain precipitating factors differed by category: 
rest in 68% of chronic arthritis patients, prior 
infection in 79% of infection-related arthritis 
cases, and activity in 46% of noninflammatory 
disorder patients. Jeamsripong and Charuvanij7 
investigated clinical findings that could predict 
the diagnosis of JIA in children presenting with 
MSK complaints. They found that morning 
stiffness lasting longer than 15 minutes, joint 
swelling on MSK examination, a duration 
of MSK complaints exceeding 6 weeks, and 
limping were significantly associated with the 
final diagnosis of JIA. In contrast, isolated joint 
pain—commonly reported—was not found 
to be predictive of JIA. Another study aimed 
at identifying specific complaints indicative 
of systemic inflammatory disease found 
that isolated pain without other symptoms 
rarely suggests chronic arthritis.6 Children 
with arthritis typically presented with joint 
swelling or gait issues. ANA and rheumatoid 
factor (RF) tests were not useful for evaluating 
musculoskeletal complaints.6 In our study, due 
to the heterogeneous nature of the referring 
group, patients were analyzed both as a 
whole and stratified by the duration of their 
symptoms. Although our primary objective was 

to differentiate rheumatic from non-rheumatic 
conditions, we additionally performed 
subgroup comparisons based on the chronicity 
of symptoms to explore whether certain 
diagnostic clues differ in acute versus chronic 
presentations. This approach may aid clinicians 
in early triage decisions. Specifically, in patients 
with acute joint complaints (<6 weeks), the 
presence of oligoarthritis and a rash were 
highly indicative of a rheumatic etiology. One 
of the most frequent diagnoses in this subgroup 
was IgA vasculitis, formerly known as Henoch-
Schönlein purpura (HSP), which supports this 
hypothesis. Detailed analysis of rash subtypes 
showed that vasculitic rashes, particularly 
purpuric and palpable purpura, were almost 
exclusively observed in the rheumatic group. 
Conversely, non-specific rashes such as 
maculopapular exanthems or urticaria were 
uncommon and appeared in both groups. These 
results suggest that the predictive value of rash 
in our model mainly depends on vasculitic 
presentations, consistent with diagnoses 
like HSP. Conversely, in patients presenting 
with chronic joint complaints (>6 weeks), 
the presence of arthritis, morning stiffness, 
large joint involvement, migratory pain, and 
sacroiliitis were significant clinical features that 
supported the diagnosis of a rheumatic disease. 
JIA, the most common cause of chronic arthritis 
in children, is particularly associated with 
morning stiffness. Thus, morning stiffness in 
the context of chronic complaints may serve as 
a key diagnostic clue for JIA.

The main limitation of our study is its single-
center design; however, its significant strength 
lies in the prospective evaluation of all patients 
using a standardized form and deriving 
clinical insights based on definitive diagnoses. 
Although all diagnoses were confirmed by an 
experienced pediatric rheumatologist based on 
the international classification criteria for each 
rheumatologic disease, we did not formally 
assess inter-rater variability, which represents a 
methodological limitation.
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In conclusion, this study aimed to highlight 
clinical clues for diagnosing rheumatic diseases 
in children with joint pain. Accurate diagnosis 
relies heavily on a detailed history and physical 
examination. Enhancing the clues for the 
differential diagnosis of joint pain is crucial 
to reduce unnecessary referrals and help the 
healthcare system provide more effective 
services.
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