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Abstract

Background: The aim of this study was to evaluate clinical, labora-
tory, and ultrasound characteristics of the knee involvement a co-
hort of juvenile rheumatoid arthritis patients.

Methods: Nineteen JRA children with mean age of 10.2 years were 
recruited. Clinical assessment of the knee score was performed. Pa-
tients with a mean total score ≥ 1 were classified as having active 
knee involvement. The following measurements were recorded: 
Ritchie articular index score, Steinbrocker grading system, and the 
Childhood Health Assessment Questionnaire. Visual analog scale. 
Laboratory investigations were performed, including complete 
blood count, erythrocyte sedimentation rate, C-reactive protein, 
and rheumatoid factor, antinuclear antibodies. Knee ultrsonography 
was done for both knees of all patients on the same day as the clini-
cal and laboratory investigation.

Results: Active knee group comprised 12 patients with 17 active 
knees. Mean Ritchie articular index score, was found to be 15.2 ± 
9.6, mean of Steinbrocker grading system was 2 ± 1.2, while mean 
of Childhood Health Assessment Questionnaire was 1.2 ± 1.1, and 
that of Visual analog scale was 3.8 ± 2.4. Laboratory characteristics 
of patients with knee involvement showed a statistically A signifi-
cant increase in ESR [54.5 ± 18.9 vs. 24.3 ± 14.8, p = 0.001] CRP 
levels [22.7 ± 11.4 vs. 12.6 ± 4p = 0.011], and decrease in hemoglo-
bin concentration [9.4 ± 2.7 vs. 12.6 ± 2.4, p = 0.02]. Ultrasonog-
raphy characteristics showed a statistically significant increase in 
knee synovial thickness and knee effusion volume.

Conclusions: knee joint is considered a mirror image for the activ-

ity status of patients with JRA, with a clinical, laboratory and ul-
trasonic activity data consistent with the pathological profile inside 
the knee.
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Introduction

Juvenile rheumatoid arthritis (JRA) is the most common 
chronic rheumatic illness in children and is a significant 
cause of both short- and long-term disabilities [1]. It is com-
prised of a heterogeneous group of several disease subtypes 
that are characterized by the onset of arthritis before the age 
of 16 years and has symptoms lasting at least 6 weeks [2]. 

Any joint can be affected by JRA, but large joint are 
more frequently involved than smaller joints [3]. The knee 
is the most commonly affected joint in JRA, and overall ac-
counts for the most disability [4].

The diagnosis of JIA is essentially a clinical one. There-
fore, laboratory investigations are used to confirm the diag-
nosis and to aid in disease classification [5]. Furthermore, the 
ability of plain radiographs to detect radiological changes in 
early arthritis is limited. Based on that, there is a real need 
for other radiological variables to assess the joints in patients 
with arthritis [6]. 

In juvenile idiopathic arthritis (JIA), proliferative chang-
es in the synovium and synovial fluid accumulation are path-
ological findings responsible for damage to the cartilaginous 
tissue and periarticular bone, which are late radiographic 
findings in conventional radiography. Early detection of 
these joint changes would allow the clinicians to initiate rel-
evant therapies as is essential for the long-term outcome of 
JIA. Ultrasonography (US) has shown great potential for this 
purpose but validation in a pediatric setting is needed [7].

The aim of this study was to evaluate clinical, labora-
tory, and ultrasound characteristics of the knee involvement 
a cohort of juvenile rheumatoid arthritis patients. We consid-
ered the validation of US measurements of local joint activ-
ity in collaboration with clinical and laboratory findings.
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Patients and Methods
   

A total of 19 children (12 female and 7 male) with mean age 
of 10.2 years (range of 2 - 14.5 years) who met American 
College of Rheumatology criteria for JIA diagnosis [8] were 
enrolled for this study. 

The study was approved by the hospital ethical com-
mittee and a written informed consent was taken from all 
patients’ and controls’ guardians who agreed to contribute 
in the study with full information about the study and proce-
dures may request to do.

All patients were subjected to full history taking (ei-
ther patient or parent if inconvenient), clinical examination 
with stress of the locomotors system. Clinical assessment 
of the knee including presence of pain (score 1 or absence 
score 0), degree of swelling (score 0 absence, score 1 mild, 
score 2 moderate, score 3 severe), degree of limitation of 
extension (no limitation score 0, < 5° limitation of exten-
sion score 1, < 10° limitation of extension score 2, < 15° 
limitation of extension score 3, > 15° limitation of extension 
score 4). Patients with a mean total score ≥ 1 were classi-
fied as having active knee involvement, while patients with 
normal physical findings were considered to be in clinical 
remission [10]. According to the above-mentioned clinical 
assessment score of the knee, patients were divided into 2 
groups; group with active knee joint and group with inactive 
knee joint. Active knee group included those whose score ≥ 
1, and inactive knee group included those whose score < 1. 
The following measurements were recorded: Ritchie articu-

lar index score for assessing joint tenderness [9]. Functional 
capacity of the patients was assessed using the Steinbrocker 
grading system [11] and the Childhood Health Assessment 
Questionnaire (CHAQ) [12]. Clinical knee assessment of 
disease activity was performed using Visual analog scale 
(0 - 10 cm). 

Laboratory investigations

Laboratory investigations were performed for all patients, 
including complete blood count, erythrocyte sedimentation 
rate by Wintergreens method, and C - reactive protein de-
tection by the latex agglutination slide test, and rheumatoid 
factor (RF), antinuclear antibodies (ANA).

Five milliliters of venous blood was collected from each 
subject and divided into three samples. The first one was 
used for complete blood count, the second one for eryth-
rocyte sedimentation rate by Westergren method. The third 
blood sample was used for quantitative determination of an-
tinuclear antibodies (IgG, IgA, and IgM), quantitative deter-
mination of RF and C-Reactive protein.

Human serum levels of ANA were measured using 
ELISA (IMTEC-ANA screen ITC 60001) (HUMAN-GER-
MANY). The readings were measured on an ELISA reader 
(HumaReader HS) at 450 nm [13].

CRP and Serum human levels of RF were measured tur-
bidimetrically at 552 nm, and at 583 nm respectively using 
COBAS INTEGTRA 400 machine; Roche Diagnostics, In-
dianapolis, Ind) [14, 15].

Figure 1. Ultrsonographic image of active knee in one patient with JRA.
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Ultrasonic assessment of knee

USG was done for both knees of all patients on the same day 
as the clinical and laboratory investigation using the Midose 
SA 9900 with a 7.5 mHz linear probe and color Doppler. 
Sagittal images of the suprapatellar bursa were obtained 
with the patient in the recumbent position and the knee in 
30% flexion. A standardized procedure was followed. The 
ultrasound transducer was positioned longitudinally above 
the patella, and the synovial thickness was measured when 
the probe touched the middle portion of the patellar base, 
then we measure the total synovial thickness (with elec-
tronic calipers and corresponding to the largest anteropos-
terior diameter of the suprapatellar pouch). This was done 
by applying firm compression with the transducer to express 
the suprapatellar fluid into the joint recesses. Assessment 
of intra-articular fluid was performed by measuring the 
length of the suprapatellar bursa. Longitudinal images were 
obtained with manual compression of the lateral synovial 
recesses to express all intra-articular fluid into the supra-
patellar bursa. Transverse diameters were also obtained for 
the longitudinal images, followed by depth measurements 
in the transverse images. The volume of fluid was calculated 
accordingly. 

Statistical analysis

All statistical calculations were performed using computer 
programs Microsoft Excel version 7 (Microsoft Corporation, 
NY, USA) and SPSS version 15 (Statistical Package for the 
Social Science; SPSS Inc., Chicago, IL, USA) statistical pro-

gram. Data were statistically described in terms of mean and 
standard deviation (± SD). Comparison of the studied groups 
was done using the student’s t test. Chi square test was uses 
to compare categorical variables. A p-value less than 0.05 
were considered statistically significant.

 
Results

  
Clinical characteristics of all JRA patients (Table 1)

In this study we recruited 19 patients who were already di-
agnosed as JRA. Patients were 12 females and 7 males, with 
controls 12 females and 7 males. In patients, mean age was 
9.5 years with range 3.5 - 15.5 years.

Clinical characteristics of all patients include the fol-
lowing data. Disease duration was 53.3 ± 17.5 months with 
a range of 4 - 103 months. For JRA patients subtypes, 8 
(42.1%) were polyarticular subtype, 8 (42.1%) were oligoar-
ticular subtype and 3 (15.8%) were systemic onset subtype. 
As mentioned before, and according to clinical assessment 
score of the knee, patients were divided into 2 groups; group 
with active knee joint and group with inactive knee joint. 
Active knee group included those whose score ≥1, and in-
active knee group included those whose score < 1. Active 
knee group comprised 12 patients with 17 active knees. Five 
patients had active bilateral knees and 7 had unilateral ac-
tive knee. Bilateral clinical knee involvement was found in 
5 patients (26.3%). Mean Ritchie articular index score, was 
found to be 15.2 ± 9.6, mean of Steinbrocker grading system 
was 2 ± 1.2, while mean of Childhood Health Assessment 

Variable Data

Disease duration (months) mean ± SD (range) 53.3 ± 17.5 (4 - 103)

JRA subtype 
 - polyarticular
 - oligoarticular
 - systemic

8/19 (42.1%)
8/19 (42.1%)
3/19 (15.8%)

Active knee joint patients’ n (%) 12/19 (63.1%)

Bilateral clinical knee involvement n (%) 5 (26.3%)

Ritchie articular index score, mean ± SD 15.2 ± 9.6

Steinbrocker grading system, mean ± SD (grade 0 - 4) 2 ± 1.2 

Childhood Health Assessment Questionnaire (CHAQ),   mean ± SD 1.2 ± 1.1

Visual analog scale (0 - 10 cm), mean ± SD 3.8 ± 2.4

Table 1. Clinical Characteristics of all JRA Patients
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Questionnaire (CHAQ) was 1.2 ± 1.1, and that of Visual ana-
log scale was 3.8 ± 2.4.

Clinical, laboratory, and ultrsonography characteristics 
of knee involvement of JRA patients (Table 2)

Clinical characteristics of patients with knee involvement 
showed a statistically significant increase in Ritchie ar-
ticular index score [19.5 ± 5.8 vs. 10.1 ± 4.5, p = 0.001], 
the Steinbrocker grading system [3.2 ± 1.2 vs. 1.1 ± 0.7, p 
=0.0002], and the Childhood Health Assessment Question-
naire (CHAQ) score [2.2 ± 1.2 vs. 1.1 ± 0.4, p = 0.01] and 
visual analog scale (VAS) (cm) [6.8 ± 3.2 vs. 2.7 ± 1.4, p = 
0.002] in patients with active knee involvement if compared 
with patients with inactive knee involvement.

Laboratory characteristics of patients with knee in-
volvement showed a statistically insignificant increase in 
leucocytic count [41.7%vs 14.3% p = 0.2] and thrombocytic 
counts [50% vs. 28.6%, p = 0.36], rheumatoid factor [41.7% 
vs. 28.6%, p = 0.5] and ANA [16.7% vs. 28.6, p = 0.5]. A 
significant increase in ESR (mm/hour) [54.5 ± 18.9 vs. 24.3 
± 14.8, p = 0.001] CRP levels (mg/L) [22.7 ± 11.4 vs. 12.6 
± 4, p = 0.011], and decrease in hemoglobin concentration 
(g/dL) [9.4 ± 2.7 vs. 12.6 ± 2.4, p = 0.02] in patients with 

active knee involvement if compared with patients with inac-
tive knee.

Ultrasonography characteristics of patients with knee in-
volvement showed a statistically significant increase in knee 
synovial thickness (mm) [3.2 ± 1.8 vs. 1.1 ± 0.9, p = 0.004], 
and knee effusion volume (mL) [4.3 ± 2.4 vs., 2.1 ± 0.9, p = 
0.01] in patients with active knee involvement if compared 
with patients with inactive knee.

Discussion
  
This study was performed to evaluate clinical, laboratory, 
and ultrasound characteristics of the knee involvement in a 
cohort of juvenile rheumatoid arthritis patients. Our study 
used clinical assessment score of the knee as a method to 
define active and inactive knee involvement in JRA patients. 
Many clinical variables were utilized in the study to com-
pare patients with active knee with those with inactive knee 
involvement; including Ritchie articular index, Steinbrocker 
grading system, Childhood Health Assessment Question-
naire (CHAQ) and visual analog scale (VAS). Keeping in 
mind that JRA is a disease of sparse laboratory findings [5], 
we tried to link knee disease activity patients with some 

Table 2. Clinical, Laboratory, and Ultrasonography Characteristics of Knee Involvement of JRA Patients

n = number, ESR = erythrocyte sedimentation rate, CRP= C-reactive protein, ANA = antinuclear antibody, USG = ultrsonography.

Variable
Patients with 
active knee
N = 12

Patients with 
inactive knee
N = 7

P value

Clinical (1) Ritchie articular index score, mean ± SD 19.5 ± 5.8 10.1 ± 4.5 0.0014

(2) Steinbrocker grading system, mean ± SD 3.2 ± 1.2 1.1 ± 0.7 0.0002

(3) Childhood Health Assessment Questionnaire (CHAQ), 
mean ± SD

2.2 ± 1.2 1.1 ± 0.4 0.0155

(4) Visual analog scale (0 - 10 cm), mean ± SD 6.8 ± 3.2 2.7 ± 1.4 0.002

Laboratory (1) Complete blood count (CBC)
- Hemoglobin (g/dL), mean ± SD
- Leucocytosis (n positive) (%)
- Thrombocytosis (n positive) (%)

9.4 ± 2.7 
5/12(41.7%)
6/12(50%)

12.6 ± 2.4 
1/7(14.3%)
2/7 (28.6%)

0.0208
0.2155
0.3614

(2) ESR (mm/hour), mean ± SD 54.5 ± 18.9 24.3 ± 14.8 0.0015
(3) CRP level (mg/L), mean ± SD 22.7 ± 11.4 12.6 ± 4 0.0117
(4) Rheumatoid factor (n positive) (%) 5/12(41.7%) 2/7 (28.6%) 0.5681
(5) ANA (n positive) (%) 2/12 (16.7% ) 2/7 (28.6%) 0.5392

Ultra-
sonographic

(1) USG knee synovial thickness (mm), mean ± SD 3.2 ± 1.8 1.1 ± 0.9 0.0047

(2) USG knee effusion volume (mL), mean ± SD 4.3 ± 2.4 2.1 ± 0.9 0.0141
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laboratory indices like hemoglobin concentration, presence 
of leucocytosis, throbocytosis, ESR and CRP levels, RF and 
ANA positivity. Moreover, we relied upon ultasonographic 
data in detection of anatomical changes happened in in-
volved active and inactive knee in our cohort.

Our results revealed that there was a statistically sig-
nificant increase in many of the clinical disease activity and 
functional limitations measures like Ritchie articular index, 
Steinbrocker grading system, Childhood Health Assess-
ment Questionnaire (CHAQ) and visual analog scale (VAS) 
in patients with active knee involvement if compared with 
patients with inactive knee involvement. The same findings 
was noticed in many laboratory indices like anemia, high 
ESR, and CRP level and ultrasonographic activity variables 
like increased synovial membrane thickness and joint effu-
sion in patients with active knee involvement if compared 
with patients with inactive knee involvement. Of notice, was 
the consistency of the clinical and laboratory variables with 
findings of ultrasonography of the involved knees like in-
creased synovial membrane sickness and synovial effusion.

It is established that the knee is the joint most frequently 
affected in patients with JRA [4, 16]. In spite of that, reports 
addressing knee joint involvement in JRA active versus 
inactive patients from clinical, laboratory and ultrsonogra-
phy characteristics were not so frequent. Our results were 
comparable to other reports. Algergawy et al -in their study- 
reported that there was a statistically significant difference 
between clinically active and inactive knees with regard to 
knee synovial thickness and knee effusion volume detected 
by knee ultrasonography. They reported positive correlations 
were found between knee synovial thickness and articular in-
dex (AI) scores, disease activity score, clinical knee scores, 
erythrocyte sedimentation rate (ESR), and C-reactive protein 
(CRP) levels, visual analog scores, disease activity scores, 
clinical knee scores, ESR, and CRP levels [17]. Moreover, 
data obtained from study of Frosch et al confirmed the high 
sensitivity of arthrosonography in imaging changes in hip 
and knee joints of patients with JRA. They stressed that so-
nographic effusion of the knee provided the highest correla-
tion with measures of clinical disease activity [18]. A review 
of Graham TB emphasized that imaging provides useful in-
formation to supplement clinical and laboratory examination 
in the optimal treatment of patients with juvenile arthritis. 
He stressed on the usefulness of magnetic resonance imaging 
and ultrasound can demonstrate both inflammatory and de-
structive changes, with the utilization of these techniques to 
show inflammatory changes can provide information about 
joints that can supplement physical examination [19].

Our results that emphasize a harmony of clinical, labora-
tory as well as the ultrasongraphic manifestation of disease 
activity of the knee in affected JIA patients are going in the 
same manner of the pathogenesis of joint inflammation in 
JRA. TNF-α and IL-1 produced by activated monocytes, 
macrophages, and synovial fibroblasts likely have primary 

roles in the pathogenesis of JRA. These cytokines are detect-
ed in synovial fluids or tissues in a majority of JRA patients 
[20, 21].

Finally, it is wise to report that we had not classified our 
patients according to their clinical subtype, and we did our 
workup thoroughly in our cohort. It may be useful if we in-
vestigate the behavior of patients with active knee joint and 
the character of knee involvement in different JRA subtype. 
We recommend further studies investigating that issue.

In conclusion, knee joint is considered a mirror image 
for the activity status of patients with JRA, with consistent 
clinical, laboratory and ultrasonographic findings of active 
joint. This reflects what pathologically happened into the 
joint.
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