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         Abstract:  

Background: Osteoarthritis (OA) is a degenerative joint 

disorder affecting articular cartilage that may be associated 

with synovial inflammation. The vascular endothelial 

growth factor is implicated in the pathogenesis of OA. This 

study aimed to assess man serum vascular endothelial 

growth factor (VEGF) levels in patients with primary knee 

osteoarthritis (KOA) and to evaluate their correlation with 

clinical manifestations, physical function and 

musculoskeletal-ultrasonography findings. Results: This is 

a case control study conducted on 50 subjects, thirty 

patients with primary Knee OA recruited from the 

outpatients’ clinic of the Rheumatology, Rehabilitation and 

Physical Medicine Department Benha University Hospitals, 

from November 2018 to November 2019. Twenty age and 

sex matched apparently healthy adult individuals were also 

included as a control group. The present study showed a 

highly statically significant difference (p < 0.0001) between 

the mean serum levels of VEGF in the patients’ and the control groups being higher in 

the patients group compared to the control group (<0.001). The current study revealed 

a strong significant positive correlations of VEGF levels with the presence of Baker’s 

cysts, cartilage thickness index and color Doppler US grading (p < 0.0001). Significant 

positive correlations were also reported between VEGA levels (p=<0.001) and 

WOMAC total and WOMAC sub scores. 
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Conclusions: VEGF serum levels are highly correlated with clinical, functional and 

musculoskeletal ultrasound severity of KOA. Thus it could be used as a potential 

biomarker for estimating Knee OA disease status 
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Introduction 

Osteoarthritis (OA) is a degenerative 

articular disorder affecting about 40% 

of the old age population [1]. The core 

clinical features of OA are joint pain 

and swelling that strongly distress the 

patients’ activities of daily   living [2]. 

So, treatments are directed towards 

pain control or knee joint replacement 

[3]. OA pathology is complex as it 

leads to subchondral bone remodeling, 

osteophyte formation, articular 

cartilage degeneration and synovial 

inflammation [4]. Late OA synovitis 

exacerbates structural damage, 

chondrocyte function changes, 

aggressive angiogenesis and increased 

bone turnover [5]. 

Angiogenesis is characterized by the 

development of new capillaries from 

the preexisting vasculature which is 

important in pannus formation and 

destruction during progression of RA 

[6]. Both angiogenesis and 

inflammation are closely integrated in 

the pathogenesis of OA up-setting 

disease advancement [7].  Macrophage 

cells are abundantly present in the 

inflamed synovium of diseased joints 

and so are implicated in this process as 

secreting inflammatory mediators like 

vascular endothelial growth factor 

(VEGF) that is one of the key factors 

encouraging growth of blood vessels 

[8]. Hypoxia in particular markedly 

affects VEGF titers, activity in the way 

that induces new blood vessel growth 

[9].  VEGF acts through a series of 

tyrosine kinase receptors including 

VEGFR1, 2, and 3 [10]. VEGFA is 

expressed by healthy cartilage while its 

great expression is concerned with OA 

severity [11]. In OA increased 

endothelial cell divisions and 

angiogenesis were followed by rapid 

vascular retraction resulting in minimal 

increase of vascular bulk [12, 13]. 

In the recent decades, imaging 

modalities including magnetic 

resonance imaging (MRI) and Doppler 

Ultrasound (US) are widely used as 
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good substitutes for the diagnosis of 

joint abnormalities [2]. For example, 

ultrasound allows clear and subtle 

evaluation of synovial membrane 

pathology causing grey scale features 

like (effusion, synovial hypertrophy 

and bursitis).  Furthermore, Power 

Doppler signals (PDS) increase within 

OA joint synovium denoting more 

inflammation [14]. 

Aim of the Work:  

The aim of the present study is to 

measure serum VEGF levels in 

primary knee OA patients and to 

evaluate its correlation with clinical 

features, physical function and 

musculoskeletal ultrasound findings of 

this disease. 

Methods: 

Study participants: 

This is a case control study conducted 

on 50 subjects, thirty patients with 

primary Knee OA recruited from the 

outpatients’ clinic of the 

Rheumatology , Rehabilitation and 

Physical medicine department of 

Benha University Hospitals, from 

November 2018 to November 2019. 

Twenty age and sex matched 

apparently healthy adult individuals 

were also included as a control group.  

Our cases fulfilled the American 

College of Rheumatology (ACR) 

criteria for primary KOA [15]. Patients 

with a past history of knee surgery, 

secondary KOA, knee aspiration or 

injection of intra- articular steroid or 

hyaluronic acid since 3 months were 

excluded from the study. Our research 

was approved by the Ethics Committee 

of our Medical Faculty Institute. All 

participants (OA patients and healthy 

subjects) gave informed written 

consent   prior to participation in this 

study. 

Patients were subjected to history 

taking, thorough clinical examination 

focusing on knee joint examination. 

Patients were asked to complete the 

Western Ontario and McMaster 

Universities Arthritis Index (WOMAC) 

osteoarthritis index questionnaire 

which is a multidimensional self-

administered questionnaire used to 

assess stiffness, physical function and 

pain.  The WOMAC sub-scores are 

stiffness (0–8), pain (0–20) and 

incapacity (0–68). By adding these 

scores, the final number will range 
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from 0 to 96 (0 score denotes the 

greatest health condition while 96 is 

the worst). The WOMAC score 

magnitude varies from 0 to 4 as none, 

mild, moderate, serious or extreme 

[16]. 

Musculoskeletal ultrasound (MSUS) 

examination: 

Gray scale US imaging was applied 

using a Logiq 9 apparatus with a linear 

multi-frequency probe (M12 L) of –

 MHz and a field of view of 40 mm. 

Pulse repetition frequency was 700 Hz 

and color Doppler frequency 6.7 MHz. 

 Patients were asked to lie in a supine 

position. The knee joint was scanned in 

medial, lateral longitudinal scans as 

well as supra-patellar and infra-patellar 

transverse scans. The knee is put in 30 

degree flexion for lateral and ventral 

scans, and put extended for dorsal 

scans as stated by the EULAR 

guidelines and the OMERACT 

guidelines [17, 18]. Synovial 

hypertrophy was considered if its 

thickness was >4 mm [19]. Synovial 

effusion was also measured in mm and 

considered absent if <4 ml [20]. The 

Baker's cyst diameter was taken in the 

transverse view and was considered 

inflamed if 10 mm and absent not 

inflamed if <4 mm [21].  

Osteophytes were considered if they 

appeared in the both longitudinal and 

transverse planes [21].  

To estimate knee cartilage thickness, 

measurement should be taken on the 

medial and lateral femoral condyles 

and in the notch, while the knee is in 

full flexion. Cartilage thickness was 

deliberated from the thin hyper-echoic 

line at the soft tissue-cartilage line to 

the hyper-echoic line at the cartilage-

bone interface. Here, the probe should 

be located transversely to the leg and 

perpendicular to the bone surface, 

above the superior patellar brim [22]. 

Color Doppler ultrasound activity 

score was defined as follows:  

 Grade 0 = no intra-synovial color 

signal, grade 1 = up to 3 single 

color signals or 2 single color 

signals and one confluent color 

signal representing only a low flow,  

 Grade 2 > grade one with 50% of 

the intra-articular zone filled with 

color signals demonstrating a clear 

flow, and  

 Grade 3 = >50% [23]. 
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Laboratory Investigations: 

The mean serum VEGF level was 

measured by   Enzyme Linked 

Immunosorbent Assay (ELISA) using 

polyclonal antibody which was 

directed against isoform 165 using the 

Rebio® Human VEGF EIA kit (Ray 

Biotech, Inc., Norcross, GA, USA) in 

line with the company's instructions, 3-

4 mL venous blood samples were 

collected into biochemistry tubes then 

centrifuged at +4°C and 3000 rpm for 

5 minutes, and stored at −70°C. 

Statistical analysis:     

All statistical analyses were conducted 

using STATA/SE version 11.2 for 

Windows   (STATA corporation, 

College Station Texas).  

The collected data were listed in forms 

of mean ± Standard Deviation (SD) 

and range for both frequency and 

quantitative data while the percentage 

was for qualitative data. The 

distribution of quantitative data was 

examined using the Shapiro-Wilk W 

test for normal data. The Fisher exact 

test, the Mann-Whitney and the 

Independent t-test, Kruskal Wallis test 

was used, and then the post-hock test 

was done to examine the significance 

of differences according to type of 

data. Spearman correlation coefficient 

(rho) test was used to examine the 

association between VEGF, cartilage 

thickness and studied parameters. 

Statistical significance was considered 

at p<0.05. 

 

Results 

Table 1: Comparisons between the studied groups regarding demographic data 

Variables Cases 

(no.=30) 

Controls 

(no.=20) 

 

Test P 

Sex  

No. (%) 

Female 23 (76.67%) 15 (75%) FET 1.00 

Male 7 (23.33%) 5 (25%) 

Age (years) 

Mean ±SD; (range) 

39.6±12.45; 

(19-65) 

37.7±3.93; 

(35-45) 

MW=1.74 0.08 

BMI (kg/m
2
) 

Mean ±SD; (range) 

25.45±3.18; 

(19-33) 

24.65±3.74; 

 (19-33) 

 

t=0.78 0.44 

BMI; Body Mass Index, SD: Standard Deviation; P: Probability, FET: Fisher Exact Test; MW: Mann-Whitney test, 

t: independent t-test; Bold values are significant. 

106 





VEGF and Muscular Ultrasonography Findings in Knee Osteoarthritis, 2021 

 

Thirty patients with primary knee OA 

were included in the study. They were 

23 females (76.67%) and 7 males 

(23.33%) with ages ranging from 19 to 

65 years (mean ± SD 39.6 ± 12.45 

years). Twenty apparently healthy 

subjects, matched for age and sex to the 

patients were involved as controls. They 

were 15 females (75%) and 5 males 

(25%) with ages ranging from 35 to 45 

years (mean ± SD 37.7 ±   years). All 

demographic characteristics showed 

non-significant statistical differences 

among patients and control groups 

regarding age, sex and BMI (P=0.44). 

Correlation between VEGF, cartilage 

thickness with musculoskeletal 

ultrasonogrsphic findings and other 

estimated parameters are expressed in 

tables (2&3). 
 

 

Fig (1): Shows comparison between patients and control groups as regards to mean serum VEGF level with highly 

statistically significant differences of VEGF levels between the two groups (p-value = 0.001). 

Table (2): Correlation between VEGF, cartilage thickness and musculoskeletal findings in studied cases 

Variable 

(no.=30) 

VEGF Cartilage thickness (mm) 

Rho P Rho P 

 

Synovial effusion -0.01 0.95 -0.12 0.51 

Synovial hypertrophy -0.28 0.15 0.33 0.08 

Osteophytes -0.24 0.20 0.19 0.30 

Bursitis 0.28 0.13 -0.36 0.05 

Backer cyst 0.31 0.10 -0.42 0.02 

Doppler 0.88 <0.001 

 

-0.93 <0.001 

 

Rho: Spearman correlation coefficient; Bold values are significant. 
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Table (3): Correlation of VEGF and cartilage thickness with estimated parameters in studied cases 

Variable 

(no.=30) 

VEGF Cartilage thickness (mm) 

Rho P Rho P 

 

WOMAC p-sub 0.83 <0.001    -0.88 <0.001  

WOMAC s-sub 0.78 <0.001    -0.84 <0.001 

WOMAC pf-sub 0.90 <0.001 -0.92 <0.001  

WOMAC-total  0.90 <0.001     -0.91 <0.001  

VAS 0.88 <0.001     -0.93 <0.001  
Rho: Spearman correlation coefficient;  WOMAC: Western Ontario and McMaster Universities Arthritis Index; P-sub : Pain-sub 

; S-sub : Stiffness sub ; pf-sub : physical function-sub ; VAS: Visual Analogue Scale;. Bold values are significant. 

 

Fig (2): transverse view of post aspect of knee showing Baker’s cyst.  (WOMAC score 94 and s. VEGF 2.3175) 

  

 

Discussion 

 

VEGF plays an important role in 

inflammatory disorders like 

rheumatoid arthritis, Behcet's disease 

(BD) and systemic lupus erythematous 

that showed increased serum VEGF 

levels [24]. In this study there was a 

great of statistical significant 

difference as regards to VEGF levels 

between the study groups (p<0.001). In 

concord with our results Ballara et al. 

[52] found higher VEGF 

concentrations in inflammatory 

arthritis and OA in comparison to poly-

arthralgia and normal subjects. 
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Moreover, in a study conducted by  

Fay et al. [26] there  was an increased 

synovial fluid levels in OA joints more 

than healthy ones. On the contrary, 

Saetan et al. [27] established no 

significant difference in plasma VEGF 

level between patients with OA and 

control groups. 

Additionally, in the current study 

VEGF levels significantly correlated 

with cartilage thickness, Baker cyst 

and Doppler US grading detected by 

US. This was comparable to the results 

of ElNajjar et al. [28] who revealed a 

significant association of synovial fluid 

and serum VEGF levels with KOA 

severity weighed by radiographic K-L 

scale, PDUS grading and with cartilage 

thickness in OA joints. We also found 

highly statistically significant 

correlations between VEGF levels and 

KOA severity scores for clinical 

manifestation (p<0. ; r= ), VAS (p<0. ; 

r= ), early morning stiffness (p<0. ; r= 

), ICOM (p<0. ; r= ) and WOMAC 

index (p<0. ; r= ). Moreover, all these 

parameters highly statistically 

correlated with cartilage thickness 

values (p<0.; r= ) detected by 

ultrasonography. These finding were 

compliant with Saetan et al. [27] 

results who stated that synovial 

inflammation features detected by US 

are more common in painful KOA 

joints rather than in symptomatic or 

normal knees, while no significant 

association between pain and 

individual US features was found. In a 

similar track, an Egyptian study found 

that biomarker synovial fluid level has 

significant correlation with clinical 

manifestations, functional impact, as 

well as radiological changes [29].  

Kim et al. [30] in their study concluded that 

synovial fluid VEGF levels well correlated 

with ultrasonographic findings and 

functional status of KOA. 

Limitations of this study comprised the 

quite small contributors' numbers. So we    

recommend further studies with larger 

sample size better delineate the findings 

and understanding of the role of VEGF on 

the development and progression of 

osteoarthritis to help finding the therapeutic 

targets for prevention and treatment of OA 

Conclusion: 

 Serum vascular endothelial growth 

factors highly correlated with clinical, 

functional and musculoskeletal 

ultrasound findings in knee OA 
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patients.  Thus VEGF might serve as  a 

potential biomarker for estimating 

Knee OA disease status.  

Abbreviations: 

KOA: Knee osteoarthritis  

WOMAC: Western Ontario McMaster 

Osteoarthritis index 

US: ultrasound  

CDUS: Color Doppler US  

VEGF: Vascular endothelial growth factor 

VEGFR2: Vascular endothelial growth factor 

receptor 2 
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