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SUMMARY 

The one-legged hop was used to assess the muscle function 

of children diagnosed with Juvenile Idiopathic Arthritis. 

Vertical hopping relies heavily on the triceps surae 

musculature, and the calcaneal tendon making it ideal for 

investigating the properties of these tissues under dynamic 

conditions. The purpose of this study was to assess whether 

the children’s arthritis status had an effect on muscle 

activity. Two groups of patients were collected; six patients 

had unilateral arthritis, and eight had bilateral arthritis. All 

participants were in remission for this study. Muscle activity 

was assessed using the patients averaged integrated EMG 

(iEMG) over the hopping trials. For unilateral patients, the 

ratio of their iEMG for their Affected: Unaffected sides were 

calculated, and Affected:Affected ratio’s were calculated for 

bilateral patients. In terms of iEMG, neither the bilateral 

group nor the unilateral group significantly favoured any 

side over the other. None of the results were statistically 

significant when using t-tests to compare the ratios to the 

known mean of 1. Further research needs to be done to 

determine if arthritis has adverse muscle effects in JIA 

patients. If so, therapy solutions that help strengthen muscles 

to return to normal function may be a viable solution.  

 
INTRODUCTION 

Juvenile Idiopathic Arthritis (JIA) is defined as arthritis with 

an onset before the age of 16 years of age. JIA is most 

common pediatric rheumatic disease and most often affects 

the knees, ankles, fingers, toes, wrists, elbows, and hips [1]. 

Fifty-eight percent of children only have one joint affected 

[2]. Electromyography (EMG) is a non-invasive method 

frequently used to measure muscle activity of selected 

muscles associated with a motion of interest. Repetitive one-

legged vertical jumps (1LJs) have the potential to predict 

unilateral muscle deficiencies. The purpose of this study was 

to determine whether unilateral muscle deficiency exists in 

children with JIA during repetitive 1LJs and whether they 

correspond to the lower limb that is affected with arthritis.  

 

METHODS 

Sixteen children (4 males) aged 11.6 (± 3.1) years of age 

who have been diagnosed with juvenile idiopathic arthritis 

(JIA), and were in remission for at least one year. Six 

patients had unilateral JIA, eight patients had bilateral JIA, 

and two had no lower body JIA. BTS FREEMG system 

(BTS Bioengineering, Italy) EMG probes were placed 

bilaterally on four muscles; rectus femoris (RF), biceps 

femoris (BF), medial gastroctnemius (GAM), and the tibias 

anterior (TA) using SENIAM guidelines [3].  

 

After a warm-up, participants performed two sets of three 

maximal isometric ankle plantar flexion contractions with 

each leg using a robotic isometric dynamometer (Multi-Joint 

System - Pro, Biodex Medical Systems, NY, USA). Ten 

maximal 1LJs were performed on a force plate (Bertec 

Corp., OH, USA) using each leg. For the jumps participants 

were asked to maintain a rigid upper body, keep their arms at 

their sides, keep the hip and knee joint of the jumping leg 

rigid and extended, and bounce maximally on the ball of 

their foot without touching their heel to the force.  

 

The EMG data was bias removed, rectified, and filtered with 

a 5 Hz low pass Butterworth filter using SmartAnalyzer 

software (BTS Bioengineering, Italy). The isometric MVCs 

were used normalize the EMG data for the one legged hop. 

The one-legged hops were also time normalized using foot 

contact between jumps as the events to create the time cycle. 

Five one legged hops were averaged together for each 

muscle on both legs, and then the integral of the curve was 

taken, to give us the integrated EMG (iEMG) for all eight 

muscles. The iEMG for the side affected by JIA and the side 

unaffected by JIA were turned into Affected side: Unaffected 

side ratios (A:U). This was used to determine any unilateral 

deficits, with ratios < 1 indicating a deficiency in the 

affected side, and ratios > 1 indicating a deficiency in the 

unaffected side. For the case of patients with bilateral JIA, 

the ratio of both affected sides was calculated, and a ratio of 

1 was expected in those cases. T-tests were run for each 

muscle to test if there was a significant difference in the 

iEMG between the unilaterally affected group and the 

bilaterally affected group using SPSS software (IBM 

Corporation, New York, USA). T-tests were also run to test 

whether the ratio’s differed significantly from 1, in order to 

see if one side was favoured over the other.  

 

RESULTS AND DISCUSSION 

The two patients who did not have lower limb affected with 

JIA were not included in the analysis. The rectus femoris 

was removed from analysis because it is not fully activated 

in the one-legged hop, given the nature of the rigid leg 

movement. 

   



Figure 1: The ratio of iEMG for lower limb muscle activity 

during the 1LJ for the unilateral and bilateral JIA groups is 

presented. Neither group significantly differs from a ratio of 

1, indicating that the side affected with arthritis had no effect 

on iEMG.  
 

 

The patients with unilateral JIA had an A:U ratio of 1.00 for 

GAM, a ratio of 0.98 for TA, and a 0.84 ratio of the BF. 

Statistical analysis found that there was not a significant 

difference between affected and unaffected side. This 

indicates that in terms of muscle function, the unilateral JIA 

group did not favour their unaffected side over their affected 

side, or vice versa. For the patients with bilateral JIA, the 

A:A ratio for GAM was 0.91, for TA it was 1.01, and for BF 

it was 1.05. These values were not significantly different 

from a ratio of 1, which was expected. For the bilateral 

patients no side was favoured. Also, the unilateral patient 

ratios were not significantly different from the bilateral 

patients. 

 

Mechanography is often used to predict measure muscle 

force and power [4]. However, mechanography does not 

consider important parameters such as intensity of muscular 

contraction, balance, jump technique, and muscle 

coordination [5]. The repetitive motion of the 1LJ 

differentiates it to others jumps because the lower limbs 

remains more rigid and less mobile. Joint angular 

displacements and the number of joints involved in jump 

propulsion are subsequently decreased. As a result, there are 

fewer complications of interpreting the role of biarticular 

muscles for the 1LJ. Vertical hopping allows for stronger 

conclusions to be drawn about the biomechanical and 

physiological properties and mechanisms of the triceps surae 

and the calcaneal tendon during jumping than more dynamic 

and complex multi segment jumps [6].  

 

Previous results of data collected for this study indicates that 

vertical Ground Reaction Force (vGRF) from 1LJs can be 

used to identify unilateral neuromuscular discrepancies in 

children with JIA.  Analysis of vGRF of the 1LJ for same 

JIA patients found that the no differences existed between 

affected and unaffected vGRF for the 1LJ [7]. This finding 

agrees with the main finding from the current study that the 

iEMG ratio results indicate that dynamic unilateral muscle 

deficiencies cannot be found using the 1LJ.  

 

All of the patients were in remission for at least one year 

before the study took place. It can be hypothesized that their 

remission status may have an effect on their muscle strength, 

and if they were actively suffering from symptoms of JIA 

the results may have differed. The lack of controls in the 

study made it difficult to draw any conclusions about 

whether the bilateral JIA group were muscularly deficient in 

any way. A control group would have also allowed for 

comparisons to be made for the unilateral to assess whether 

overall muscle function was different between healthy and 

arthritic children. This is a limitation of the study.  
 

CONCLUSIONS 

The results indicate that unilateral muscle deficiencies were 

not present in children with JIA who were in remission, but 

the evidence was not conclusive to confidently state that 

children suffering from JIA have no muscle deficiencies. 

More robust forms of analysis, a larger subject pool and a 

control group will be necessary to show strong evidence in 

muscle deficiency. It is important to understand the effects 

of arthritis on muscle function because unilateral strength 

discrepancies can cause adverse joint loading, and can lead 

to or accelerate joint degeneration [2].  This is of particular 

concern in populations with pre-existing degenerative 

diseases, such as children with JIA. As more information is 

known about the effect arthritis status has on muscle 

function, possible therapy solutions can be used to 

strengthen muscles and help prevent further lifelong 

problems to the lower limb.  
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