
Knee Osteoarthritis (OA) is one of the leading causes of 
disability and a significant decline in quality of life among work-
ing-age individuals worldwide, with a substantial increase in the 
number of cases reported over the past decade. According to 
forecasts, by 2050. one billion people globally will be diagnosed 
with OA [1]. 

In recent years, there has been a marked increase in interest 
in studying OA at early stages, as it is assumed that early detection 
and treatment of the disease will help slow the progression of OA 
and reduce the frequency of joint replacement surgeries [2]. 
Despite this, early-stage OA remains an underexplored area. Cur-
rently, the diagnosis of OA is established using the classification 
criteria of R. Altman et al. [3]; however, these, like the Kellgren-
Lawrence (K-L) radiographic classification, do not allow for the 
identification of patients with early-stage OA. Only a few proposed 
criteria for early OA exist, but they still require further refinement 
and validation [4–6]. 

Among patients with knee OA, pain and its intensity have a 
significant impact on daily activities and quality of life. It has 

been shown that the presence and severity of knee pain are 
associated with an increased risk of disability, radiographic pro-
gression of OA [7, 8], and mortality [9]. Pain is the most common 
reason patients with OA seek medical care, determining the wide-
spread use of nonsteroidal anti-inflammatory drugs (NSAIDs) 
[10] and remaining the main indication for surgical treatment, in-
cluding joint replacement [11].  

Typically, in the early stages of OA, pain is variable, intensifies 
with physical activity, and subsides at rest, thereby creating the 
impression of temporary or incidental discomfort. Subsequently, 
these episodes may become more prolonged. King L. et al. [12], 
in their study, described the clinical symptoms in patients at an 
early stage of OA. Within their work, patients with confirmed 
knee OA retrospectively recalled the initial manifestations of the 
disease. The study included 91 participants from different countries. 
Data from focus groups and individual interviews were used, in 
which participants were asked to describe in detail their first 
symptoms in the knee before receiving an OA diagnosis. The 
results showed that the early symptoms of the disease often 
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Objective: To investigate key risk factors associated with knee pain in early-stage osteoarthritis (OA). 
Material and methods. The study included 109 women aged 35–75 years with knee pain lasting no more than one year and minimal radi-
ographic changes (Kellgren–Lawrence grades 0–II). For each patient we filled in a personalized case form including anthropometric data, 
medical history, physical examination findings, pain and health status assessments using visual analog scale (VAS), and questionnaires 
(WOMAC, KOOS, DN4), along with information on comorbidities. All participants underwent standard knee radiography, ultrasound exami-
nation, and laboratory testing. 
Results and discussion. One in six patients (15%) reported moderate or severe knee pain (≥40 mm on VAS). Patients with more intense pain were 
older than those with VAS <40 mm (median age 52.5 [42; 62.5] vs. 44 [38; 52] years; p=0.02) and had a higher body mass index (28 [25; 31.6] 
vs. 24 [21; 28] kg/m2; p=0.04). Statistically significant differences were also observed in OA severity: the high-pain group had higher WOMAC 
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p=0.01), presence of osteophytes on ultrasound (50% vs. 10.75%; p<0.001), metabolic syndrome (56.25% vs. 25.8%; p=0.03), and post-
menopausal status (68.75% vs. 35.48%; p=0.01) were also more frequent. 
A discriminant model was developed to predict the risk of pain ≥40 mm on VAS, incorporating WOMAC functional limitations, presence of meta-
bolic syndrome, ultrasound-detected osteophytes, and clinically significant synovitis. The model achieved an accuracy of 90.8%. Predictive per-
formance was confirmed by ROC analysis (AUC=0.898, 95% CI 0.794–1.002), indicating high prognostic accuracy. 
Conclusion. Severe knee pain at early stages of OA is associated with functional impairment according to WOMAC, clinical synovitis, ultrasound-
detected osteophytes, and metabolic syndrome. These risk factors and the developed predictive model may be useful for planning individualized 
preventive and therapeutic strategies in OA patients. 
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developed gradually and episodically, accompanied by short-term 
pain, stiffness, and crepitus in the knee. Many patients noted that 
they could not precisely recall the onset of symptoms due to their 
gradual intensification and low severity in the initial stages. In ad-
dition, the symptoms were perceived as temporary and insignificant. 
Patients also frequently attributed their symptoms to factors such 
as minor knee trauma, age-related changes, or physical overexertion. 
An important observation was that many participants modified 
their lifestyle to avoid activities that could cause knee problems: 
they reduced the intensity of physical activity or changed the way 
they performed usual tasks. By the time patients eventually sought 
medical care, the disease was already at an advanced stage.  

Previous scientific studies on early-stage OA have focused 
primarily on developing diagnostic methods, including imaging 
techniques and biochemical markers. However, the characteristics 
of pain and the factors determining its severity remain poorly 
studied, despite the fact that this symptom affects physical activity, 
emotional well-being, social functioning, and overall quality of 
life. Identifying such predictors and providing timely intervention 
may potentially reduce the frequency of temporary and permanent 
disability, which in turn could decrease the economic burden on 
the healthcare system and society as a whole. 

Objective: To investigate the main risk factors associated with 
pain in early-stage knee osteoarthritis (OA).  

Materials and Methods: This cross-sectional study included 
109 women aged 35-75 years presenting with knee pain lasting no 
more than one year and radiographic stage K-L 0-II. 

Exclusion criteria: Presence of another rheumatic disease; 
trauma of the studied knee joint requiring surgical treatment 
during the study period; radiographic stage K-L III-IV; pregnancy 
and/or breastfeeding during the study period. 

A standardized individual case report form was completed 
for each patient, including anthropometric data (height, body 
weight, waist circumference, hip circumference, BMI), disease 
history, clinical examination data, including pain assessment in 
the knees using a visual analogue scale 
(VAS); the WOMAC (Western Ontario and 
McMaster Universities Osteoarthritis Index, 
comprising 24 items assessing pain, stiffness, 
and functional limitations), KOOS (Knee 
Injury & Osteoarthritis Outcome Score, 
comprising 42 items covering symptoms, 
pain, daily and sports activity function, 
and quality of life), DN4 (Douleur Neu-
ropathique en 4 Questions, a diagnostic 
screening tool for neuropathic pain), the 
patient's global health assessment (PGHA), 
and information on comorbidities. 

All patients underwent biochemical 
blood testing to determine levels of C-re-
active protein (CRP), glucose, glycated 
hemoglobin (HbA1c), total cholesterol 
(TC), low-density lipoproteins (LDL), 
high-density lipoproteins (HDL), triglyc-
erides (TG), alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), 
creatinine, alkaline phosphatase (ALP), 
uric acid (UA), phosphorus, and calcium. 

Radiography of the knee joints was 
performed in a standing position with fixed 
flexion (posteroanterior view) using a po-

sitioning frame, with assessment of the radiographic stage according 
to Kellgren & Lawrence (K-L), as well as knee ultrasound, which 
evaluated the presence of joint effusion and osteophytes at the 
margins of articular surfaces, the thickness of the synovial membrane, 
and the articular cartilage on the femoral condyles in anterior and 
posterior compartments. 

Statistical analysis was performed using Statistica 10.0 software 
(StatSoft Inc., USA). Standard descriptive statistics methods were 
applied to calculate minimum and maximum values and, where 
appropriate, frequency analysis. Normality of distribution was as-
sessed using the Kolmogorov-Smirnov and Shapiro-Wilk tests. 
For normally distributed variables, the mean and standard deviation 
were presented; Student’s t-test was used. For non-normally dis-
tributed data, the median and interquartile range (Me [25th; 75th 
percentiles]) were used, and the Mann-Whitney U test was applied. 
Correlation analysis was performed to identify associations between 
variables, with Spearman’s rank correlation method used to assess 
relationships between indicators. Differences were considered sta-
tistically significant at p<0.05.  

To analyze the effect of independent factors on the variable 
under study with the possibility of predicting its values, discriminant 
analysis was employed (backward stepwise method). Differences 
were considered statistically significant at p<0.05.  

To assess the significance of the association between knee 
pain and the factors identified in the multivariate analysis, an 
ROC curve was constructed to reflect the relationship between 
the true positive rate (sensitivity) and the false positive rate (speci-
ficity). 

Written informed consent was obtained from all participants 
prior to inclusion in the study. The study was approved by the 
local ethics committee of V.A. Nasonova Research Institute of 
Rheumatology (Protocol No. 11 dated September 26. 2023). 

 
Results 
The study included 109 female patients with knee pain lasting 

Table 1. General characteristics of patients

Parameter                                                                                                                  Value

Age, years, Me [25th; 75th percentiles]                                                               45 [39; 53] 
 
Symptom duration, years, Me [25th; 75th percentiles]                                    0.75 [0.5; 1] 
 
BMI, kg/mІ, M±SD                                                                                               26.7±5.7 
 
Waist circumference, cm, Me [25th; 75th percentiles]                                     80 [71; 93] 
 
Hip circumference, cm, Me [25th; 75th percentiles]                                        100 [94; 108] 
 
OA stage, %: 
    0                                                                                                                               0,9 
    I                                                                                                                               80,7 
    II                                                                                                                              18,4 
 
Pain (VAS), mm, Me [25th; 75th percentiles]                                                    30 [10; 50] 
 
WOMAC pain subscale, mm, Me [25th; 75th percentiles]                               70 [25; 150] 
 
WOMAC function subscale, mm,                                                                         165 [70; 390]  
Me [25th; 75th percentiles] 
 
Total WOMAC Index, mm, Me [25th; 75th percentiles]                                  265 [110; 640] 
 
Patient’s global health assessment, mm, Me [25th; 75th percentiles]            35 [10; 50] 
 
OA at another site, %                                                                                               41



no more than one year. The general characteristics of the patients 
are presented in Table 1. 

In the analysis of comorbid diseases and conditions, obesity 
was diagnosed most frequently – observed in 23.85% of patients 

– followed by arterial hypertension (AH) in 22.9%, metabolic 
syndrome (MS) in 30.3%, type 2 diabetes mellitus (T2DM) in 
4.6%, hypercholesterolemia (hyperchol) in 19.3%, hypertriglyc-
eridemia (hyperTG) in 14.7%, and hyperglycemia in 8.3%.
In the course of the study, we conducted a correlation analysis be-
tween knee pain and factors related to OA, metabolic disorders, 
and laboratory and instrumental findings. Significant associations 
were identified with many of the studied factors (Table 2). 

In the Spearman correlation analysis, significant associations 
(p < 0.05 for all cases) were identified between pain intensity and 
the following variables: age, BMI, waist circumference, hip cir-
cumference, clinical findings (clinically significant synovitis, 
limited knee flexion), history of synovitis, knee stiffness, radiographic 
stage, WOMAC index, KOOS score, patient’s global health as-
sessment (PGHA), DN4 questionnaire, and ultrasound parameters 
(osteophytes, cartilage thickness). Additionally, knee pain was 
found to correlate with MS and the number of its components, 
arterial hypertension (AH), obesity, hypertriglyceridemia (hyperTG), 
menopause, as well as with laboratory parameters such as glycated 
hemoglobin, fasting glucose, triglycerides, alkaline phosphatase 
(ALP), and cartilage oligomeric matrix protein (COMP, a marker 
of cartilage degradation). 

In particular, it was demonstrated that patients older than 45 
years experienced significantly higher pain intensity compared to 
those younger than 45 years (20 [0; 40] mm vs 5 [0; 20] mm, 
p<0.001). In the presence of MS, pain intensity was also significantly 
higher than in individuals without MS (20 [0; 40] mm vs 5 [0; 20] 
mm, p=0.017). A similar pattern was observed for obesity (30 [10; 
40] mm vs 10 [0; 30] mm, p=0.022), AH (30 [10; 40] mm vs 10 [0; 
25] mm, p=0.01), and hyperTG (35 [15; 57] mm vs 10 [0; 30] 
mm, p=0.001). A statistically significant association was also 
found with menopause (r=0.365, p<0.001). Specifically, among 
postmenopausal women, the median pain intensity was 27 [5; 
42.5] mm, while in patients with preserved reproductive function 
it was 4 [0; 20] mm (p<0.001). 

Moreover, it was confirmed that patients with stage II disease 
according to the K-L classification experienced higher pain 
intensity compared to those without radiographic changes (22.5 
[10; 45] mm vs 10 [0; 30] mm, p=0.017). Higher pain intensity 
was also observed in patients with a history of synovitis (25 [0; 50] 
mm vs 10 [0; 20] mm, p=0.004), with clinically significant synovitis 
at the time of examination (30 [20; 50] mm vs 10 [0; 30] mm, 
p=0.002), and in those with ultrasound-confirmed osteophytes 
(40 [20; 50] mm vs 10 [0; 30] mm, p=0.001). 

We further aimed to identify factors determining the devel-
opment of moderate or severe pain in patients at early stages of 
the disease. In our study, 15% of patients experienced moderate 
(n=10) or severe knee pain (n=6). Depending on pain severity, all 
patients were divided into two groups (Table 3).  

Individuals with moderate or severe pain were older and had 
a higher BMI. Statistically significant differences were also found 
when assessing disease severity: patients with more intense pain 
showed higher total WOMAC index scores and its subscales, lower 
KOOS scores, lower PGHA values, and more frequent signs of 
neuropathic pain (DN4 questionnaire). Clinically significant 
synovitis at examination and in the patient’s history, ultrasound-
detected osteophytes, and restricted knee flexion were more 
common in this group. Patients with more severe pain more fre-
quently had metabolic syndrome (MS) and two or more of its 
components. This group also included a higher proportion of 
postmenopausal women. 
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Table 2. Correlation between pain and factors associated with OA and 
metabolic disturbances

Parameter                                                                                 r              p

Age, years                                                                                 0.31        <0.001 
 
BMI, kg/m2                                                                             0.337      <0.001 
 
Waist circumference, cm                                                       0.3           0.002 
 
Hip circumference, cm                                                         0.3           0.002 
 
Knee stiffness                                                                          0.35        <0.001 
 
Limited knee flexion                                                              0.25        0.008 
 
Synovitis :  
    clinically significant                                                          0.304      0.001 
    history of synovitis                                                              0.254      0.008 
 
Radiographic stage                                                                 0.229      0.016 
 
WOMAC:  
    stiffness subscale, mm                                                       0.57        <0.001 
    function subscale, mm                                                      0.666      <0.001 
    total Index, mm                                                                  0.712      <0.001 
 
KOOS:  
    symptoms, %                                                                       -0.37       <0.001 
    Daily Living Function, %                                                 -0.57       <0.001 
    KOOS Sport/Recreation Function, %                           -0.55       <0.001 
    Quality of Life, %                                                               -0.42       <0.001 
    Total, %                                                                                -0.58       <0.001 
 
Patient’s global health assessment, mm                             0.43        <0.001 
 
DN4 score, points                                                                  0.42        <0.001 
 
Osteophytes (ultrasound)                                                      0.351      <0.001 
 
Posterior lateral cartilage (ultrasound)                               -0.24       0.01 
 
Anterior lateral cartilage (ultrasound)                                -0.26       0.007 
 
Arterial hypertension                                                             0.251      0.008 
 
Metabolic syndrome                                                              0.354      <0.001 
 
Number of MS components                                                 0.308      0.001 
 
Obesity                                                                                     0.225      0.01 
 
Hypertriglyceridemia                                                             0.311      <0.001 
 
SCORE scale                                                                          0.28        0.002 
 
Menopause                                                                              0.365      <0.001 
 
HbA1c, %                                                                                0.24        0.01 
 
Fasting glucose, mmol/L                                                      0.24        0.01 
 
Triglycerides, mmol/L                                                           0.21        0.02 
 
Alkaline phosphatase, U/L                                                  0.2           0.04 
 
Cartilage oligomeric matrix protein, ng/mL                     0.5           0.004



O R I G I N A L  I N V E S T I G A T I O N S

Sovremennaya Revmatologiya=Modern Rheumatology Journal. 2025;19(3):56–63 5

In the Spearman correlation analysis, significant associations 
(p<0.05 for all cases) were confirmed between joint pain 40 mm 
and various factors associated with OA and metabolic disorders 
(Table 4). 

The factors that showed the strongest correlation with knee 
pain in early-stage OA and the lowest intercorrelation with each 
other were included in the discriminant analysis. This analysis 
was performed using a stepwise backward elimination method, 
excluding variables with minimal impact or low significance. The 
results of the discriminant analysis are presented in Table 5. 

Using the obtained discriminant function coefficients, a 
formula was developed to accurately predict the likelihood of de-
veloping knee pain 40 mm in early-stage OA: 

Prediction of pain development ( 40 mm on the VAS) in a 
patient with early-stage knee OA = (0.012 × functional limitation 
by WOMAC) + (3.03 × presence of metabolic syndrome) + (3.38 
Ч osteophytes on ultrasound) + (2.14 × clinically significant 
synovitis) 14.1. where functional limitation by WOMAC is given in 
mm; metabolic syndrome (0 = absent, 1 = present); osteophytes on 
ultrasound (1 = absent, 2 = present); clinically significant synovitis 
(1 = absent, 2 = present). 

If the total prognostic score is greater than or equal to 14.1. 
the probability of developing pain 40 mm on the VAS for a given 
patient is 90.8%. 

The predictive performance of the model was assessed using 
ROC analysis (Fig. 1).  

The area under the ROC curve was 0.898 (95% CI: 0.794–
1.002), indicating very good predictive accuracy and an excellent 
balance between sensitivity and specificity for forecasting pain 
development in early-stage OA. 

Thus, discriminant analysis revealed that the most significant 
risk factors for the development of pain in early-stage knee OA 
are: functional limitation according to the WOMAC index, clinically 
detected synovitis, the presence of metabolic syndrome, and the 
presence of osteophytes on ultrasound examination. 

 
Discussion 
Studies specifically focused on pain and the factors associated 

with its severity in early-stage OA are extremely limited. Most 
available data are concentrated on advanced stages of the disease, 
where pain typically has a multifactorial nature. This considerably 
complicates direct comparison of our findings with existing studies. 

Table 3. Comparative characteristics of patients based on pain intensity

Parameter                                                                                             Patients with pain                                             Patients with pain                           p-value 
                                                                                                               <40 mm (VAS) (n=93)                                     ≥40 mm (VAS) (n=16)

Age, years, Me [25th; 75th percentiles]                                          44 [38; 52]                                                         52.5 [42; 62.5]                                0.02 
 
BMI, kg/m2, Me [25th; 75th percentiles]                                       24 [21; 28]                                                         28 [25; 31.6]                                   0.04 
 
Hip circumference, cm, Me [25th; 75th percentiles]                   100 [94; 107]                                                     108 [100; 116]                                0.04 
 
WOMAC, мм, Ме [25-й; 75-й перцентили]:  
    stiffness subscale                                                                              20 [0; 50]                                                           102.5 [75; 135]                               <0.001 
    function subscale                                                                             145 [55; 270]                                                     925 [557; 1100]                              <0.001 
    Total Index                                                                                       248 [90; 410]                                                     1245 [872; 1510]                            <0.001 
 
KOOS, %, Ме [25-й; 75-й перцентили]:  
    Symptoms                                                                                         79 [71; 88]                                                         59 [47; 75]                                      <0.001 
    Daily Living Function                                                                    90 [76; 96]                                                         53 [44; 76]                                      <0.001 
    Sport/Recreation Function                                                          75 [40; 85]                                                         28 [15; 42]                                      <0.001 
    Quality of Life                                                                                  69 [50; 81]                                                         35 [25; 56]                                      <0.001 
    Total                                                                                                   79 [63; 88]                                                         44 [37; 67]                                      <0.001 
 
DN4. points, Me [25th; 75th percentiles]                                      1 [0; 2]                                                                1 [1; 4]                                             0.02 
 
Patient’s global health assessment, mm,                                        29.5 [10; 50]                                                      60 [47; 80]                                      <0.001 
Me [25th; 75th percentiles] 
 
Radiographic stage, %:                                                                                                                                                                                                            0.3 
    0                                                                                                          1.07                                                                     0 
    I                                                                                                          82.8                                                                     68.75 
    II                                                                                                        16.1                                                                     31.25 
 
Synovitis, %: 
    history                                                                                               31.1                                                                     75                                                     0.008 
    clinically significant synovitis at examination, %                      13.9                                                                     50                                                     <0.001 
 
Limited knee flexion, %                                                                    19.3                                                                     50                                                     0.01 
 
Osteophytes (ultrasound), %                                                            10.75                                                                   50                                                     <0.001 
 
Metabolic syndrome, %                                                                     25.8                                                                     56.25                                                0.03 
 
Menopause, %                                                                                     35.48                                                                   68.75                                                0.01 
 
Triglycerides, mmol/L, Me [25th; 75th percentiles]                    0.93 [0.67; 1.24]                                               1.4 [0.82; 2.1]                                 0.02



In this study, clinical, metabolic, and structural changes 
identified using instrumental methods and associated with pain 
were investigated. Correlation analysis revealed statistically significant 
associations between knee pain intensity and the following factors: 
age, BMI, clinical examination findings (presence of clinically 
significant synovitis, limited knee flexion), medical history (history 
of synovitis), severity of knee stiffness, radiographic disease stage, 
total WOMAC index, KOOS scores, the patient’s global health 
self-assessment, the presence of neuropathic pain signs, as well as 
ultrasound parameters (presence of osteophytes and cartilage 
thickness). Additionally, knee pain was shown to correlate with 
comorbid conditions – such as metabolic syndrome, arterial hy-

pertension, obesity, hypertriglyceridemia, and menopause – as 
well as with laboratory parameters including glycated hemoglobin, 
fasting glucose, triglycerides, alkaline phosphatase, and cartilage 
oligomeric matrix protein (COMP). 

The results of subsequent discriminant analysis allowed us to 
identify the main predictors associated with pain: the degree of 
functional limitation according to the WOMAC index, the presence 
of osteophytes on ultrasound, metabolic syndrome, and clinically 
detectable synovitis. Based on the discriminant coefficients, we 
proposed a formula capable of predicting pain development in 
patients with early-stage knee OA with high accuracy (90.8%). 
The strong predictive performance of the model was confirmed by 
ROC analysis: the area under the curve (AUC) was 0.898 (95% 
CI: 0.794-1.002), indicating high diagnostic value. 

 Our findings demonstrate that pronounced pain in patients 
is closely associated with functional limitation as assessed by the 
WOMAC index. This is consistent with the results reported by 
D. Cubukcu et al., who identified a significant association 
between pain and functional impairment in patients with OA 
(p<0.01), confirming their interdependence [13]. Notably, in 
their study, radiographic changes (according to the K-L scale) 
did not have a significant effect on either pain or functional lim-
itation (p>0.05). This result is particularly important for early-
stage OA, where radiographic signs of the disease are minimal or 
entirely absent.  

Our data on the significant role of osteophytes detected by 
ultrasound in the development of pain in early-stage OA are 
supported by numerous studies demonstrating the high sensitivity 
of ultrasound in their detection [14–16]. Many studies have shown 
that ultrasound is comparable to radiography in identifying osteo-
phytes and, in some cases, even superior due to its ability to detect 
smaller and early changes that may not be visible on radiographs. 

For example, in the study by J. Koski, it was shown that ul-
trasound detects more osteophytes than radiography in both the 
medial (65% vs 48%) and lateral (70% vs 60%) compartments of 
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Table 4. Correlation between knee pain ≥40 mm and factors associated 
with OA and metabolic disturbances

Parameter                                                                              r              p

Age, years                                                                               0.21        0.02 
 
BMI, kg/m2                                                                           0.19        0.04 
 
Hip circumference, cm                                                       0.2          0.03 
 
Synovitis: 
    clinically significant                                                         0.3          <0.001 
    history of synovitis                                                            0.3          0.001 
 
Limited knee flexion                                                            0.25        0.007 
 
WOMAC:  
    stiffness subscale, mm                                                     0.5          <0.001 
    function subscale, mm                                                    0.48        <0.001 
    total index, mm                                                                0.5          <0.001 
 
KOOS:  
    symptoms, %                                                                     -0.3         <0.001 
    daily living function, %                                                   -0.4         <0.001 
    sport/recreation function, %                                          -0.4         <0.001 
    quality of life, %                                                               -0.4         <0.001 
    total, %                                                                               -0.4         <0.001 
 
DN4                                                                                        0.23        <0.001 
 
Patient’s global health assessment, mm                           0.4          <0.001 
 
Osteophytes (ultrasound)                                                    0.4          <0.001 
 
Menopause                                                                            0.26        0.005 
 
Coronary artery disease                                                       0.23        0.01 
 
Metabolic syndrome                                                            0.23        0.01 
 
Triglycerides, mmol/L                                                         0.2          0.02

Table 5. Coefficients of the discriminant function for pain prediction 
model in early OA

Factor                                                                                      Discriminant  
                                                                                                  coefficient

Note: The model’s predictive accuracy according to the classification 
matrix is 90.8% 

WOMAC function subscale                                                 0.012 
 
Osteophytes (ultrasound)                                                     3.38 
 
Metabolic syndrome                                                             3.03 
 
Clinically significant synovitis                                             2.14

Fig.1. ROC curve of sensitivity/specificity ratio of the predictive 
model for moderate/severe pain development in early-stage knee 

OA (AUC=0.898)
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the knee joint [17]. Moreover, a correlation was established 
between the presence of osteophytes detected by ultrasound and 
degenerative cartilage changes confirmed arthroscopically, high-
lighting the clinical value of this method, especially at early disease 
stages. Another study demonstrated a significant correlation 
between the presence of osteophytes identified by ultrasound and 
pain intensity in patients with OA [18]. These findings confirm 
that ultrasound not only detects structural changes but also allows 
for a more precise assessment of their clinical significance in the 
context of pain. 

In the study by Z-J. He et al., conducted within the framework 
of the Osteoarthritis Initiative (OAI) and involving patients at 
various stages of OA, factors influencing the development of knee 
pain were described [19]. Individual components of metabolic 
syndrome (MS), such as BMI and diabetes mellitus (DM), showed 
an association with pain in the univariate analysis. BMI was 
identified as a significant factor associated with knee pain devel-
opment (OR=1.06; p<0.001); however, its influence was not sig-
nificant in the multivariate model (OR=1.005; p=0.494). In 
contrast, DM remained significant as an independent risk factor 
for pain (OR=1.27; p=0.039). Furthermore, the contribution of 
MS to pain development was confirmed in another study, which 
found that the accumulation of MS components was associated 
with higher pain intensity (OR=3.7; 95% CI 1.5–5.9; p=0.001), 
independent of patient age and BMI [20]. Multiple regression 
analysis showed that hyperglycemia and elevated triglyceride levels 
significantly exacerbated pain (p=0.009 and p=0.04, respectively), 
while waist circumference and systolic blood pressure correlated 
with functional impairment as measured by the Lequesne index 

(p=0.04 and p=0.01, respectively). Our findings, which demonstrate 
that MS as a whole is a significant factor, are consistent with these 
data and underscore the importance of investigating its cumulative 
impact on pain syndrome. 

Based on the discriminant analysis, we also established that 
the presence of synovitis plays a significant role in the development 
of pain at early stages of OA. The data obtained are consistent 
with findings reported in the literature. For example, according to 
the study by E. Sanchez-Lopez et al., the presence of synovitis is 
an important factor influencing pain severity in OA, even when 
radiographic changes are minimal [21]. Moreover, beyond exac-
erbating pain, synovitis also plays a significant role in structural 
joint damage and disease progression. Thus, the identified risk 
factors and the proposed predictive formula may serve as a basis 
for developing individualized preventive and therapeutic strategies 
for patients with early-stage OA. 

 
Conclusion 
The results of this study confirmed the significant contribution 

of several factors – such as functional limitation according to the 
WOMAC index, the presence of osteophytes detected by ultrasound, 
metabolic syndrome, and clinically significant synovitis – to the 
development of pain in early-stage knee OA. These findings 
highlight the need for a comprehensive approach to pain manage-
ment that includes therapy aimed at reducing inflammation and 
improving patients’ functional activity, as well as addressing 
comorbid conditions. Future studies involving larger patient 
samples may help clarify the role of additional factors, identifying 
new targets for the prevention and treatment of OA.
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