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 ABSTRACT. 

. Objective. Knowledge about the impact of joint impairment on functional ability is needed in planning 

care and setting treatment goals in children with juvenile idiopathic arthritis (JIA). We investigated the 

relationship between joint impairments and upper and lower limb function. 

Methods. Twenty-one children with systemic JIA with an average age of 9.2 years and a mean disease 

duration of 4.8 years participated in this study. Joint impairments were assessed by the following 

variables: joint counts on swollen (JCS) and tender (JCT) joints and the loss of joint motion as 

determined by the Joint Alignment and Motion scale (JAM). Functional performance and functional 

ability were determined by the Juvenile Arthritis Functional Assessment Scale (JAFAS) and Childhood 

Health Assessment Questionnaire (CHAQ), respectively. The relationship between impairments and 

functional disabilities was studied at the level of (1) the complete instruments, (2) upper and lower 

limb function separately, and (3) the individual joints and items. 

Results. Regarding complete instruments, the Spearman rank correlation between functional 

disabilities and loss of joint motion was moderate to good (JAM/CHAQ rs = 0.66, JAM/JAFAS rs = 0.77). 
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A fair correlation was found between functional disabilities and the joint count on swollen joints 

(JCS/CHAQ rs = 0.45, JCS/JAFAS rs = 0.52), but no significant relationship was found with the number of 

tender joints (JCT/CHAQ rs = 0.02, p > 0.05, and JCT/JAFAS rs = 0.14, p > 0.05). At the extremity level 

(upper and lower limb function), the relationship between functional disabilities and the loss of joint 

motion appeared to be stronger in the leg than in the arm. At the level of the individual joints and 

questionnaire items, loss of joint motion in hip or shoulder joint appeared to be the most important 

factor in predicting limitation in leg or arm function. 

Conclusion. Our study shows that with respect to joint impairments, loss of joint motion is the 

strongest indicator of functional disability in children with systemic JIA. Loss of joint motion has a 

greater effect on lower limb function. 

 

 Juvenile idiopathic arthritis (JIA) is the most common rheumatic disease in childhood and a leading 

cause of childhood disability1-3. Most children with JIA have a satisfactory longterm disease outcome 

without serious disability. A small percentage, however, will enter adulthood with severe functional 

disabilities4-7. 

Ten percent of children with JIA have a systemic onset, characterized by an initial phase with general 

disease symptoms such as spiking fever, the classic rheumatoid rash, hepato- and splenomegaly, 

lymphadenopathy, and pericarditis. 

These systemic symptoms may precede the onset of the chronic arthritis for months. About half of 

children with systemic onset appear to recover completely, often after a variable period of 

oligoarthritic involvement. The other half continues to show progressive involvement of more and 

more joints and develops moderate to severe disability1. 

In children with JIA, features of active arthritis will develop. Initially, features such as swelling, hydrops, 

pain, and limited joint motion are prominent. In the course of time, these children can develop 

problems with independent ambulation, washing, dressing, and manipulative skills. 

Quality of life can also be decreased as a consequence of disease activity and/or resulting 

impairments. Recent studies show that some children with JIA have problems in coping with their 

disease and social functioning8-10. 

The International Classification of Impairments, Disabilities and Handicaps11, based on the work of 

Philip Wood and developed for the World Health Organization, enables classification of the 

consequences of chronic illnesses. Distinctions can be made at different levels: impairments, 

functional disabilities, and handicaps. In JIA loss of joint motion, joint swelling, and pain are considered 

to be impairments due to the organic disorder. Common functional disabilities in JIA are restrictions in 

ambulation, washing, dressing, and manipulative skills. Handicap covers the disadvantage due to 

impairments or disability in social functioning. Taking personal and environmental factors into 

account, the model suggests a linear and causal relationship from disease to impairment, and to 

disability and handicap12- 14. 

Van der Net15,16 has described the relationship between impairments and functional disabilities in 4 

groups of children with JIA. In these studies, impairments in joint function and disabilities in 

independent functioning are expressed in total scores. The correlations between impairments and 

disabilities appeared to be weak to moderate in the examined patient groups. In a cross sectional 

study of 21 children with systemic JIA15, only a moderate relationship was found between the Joint 

Alignment and Motion scale (JAM), which measures impairments, and the Childhood Health 

Assessment Questionnaire (CHAQ) as assessment tools for disability. 

One of the explanations for this moderate relationship can be found in compensation. Activities with 

involvement of both extremities can be executed in various manners. In these activities compensatory 

strategies can be used to avoid involvement of the impaired joints. For example, despite serious 

impairment of the hip, tasks like tying shoe laces can be executed by compensatory movements in 

trunk and arms. 
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Previous studies have not revealed the precise relationship between local joint impairments and 

specific disabilities because total scores of joint impairments and disabilities were used. By studying 

more specific activities with no possibility of compensation, it is expected that the relationship 

between impairments and disabilities will be more pronounced. 

Physical therapy in children with JIA focuses mainly on reducing impairments (by improving joint 

motion, reducing joint swelling, and decreasing pain). However, patients have to deal with the 

associated disabilities. The key diagnostic question for treatment planning should be, which 

impairments that are related to patients’ functional disability can also be resolved with physical 

therapy intervention? Insight into the precise relationship between impairments and disabilities will 

therefore be fundamental in goal setting for the physical therapist13. 

We investigated the relationship between joint impairments and disabilities in children with systemic 

JIA. 

Compared to results in other studies, we investigated this relationship at a more specific level. In 

particular we focused on activities with no possibility of compensation. 

MATERIALS AND METHODS. 
Patient selection. The data for our study were derived from a study on bone mineral density and 

growth in children with rheumatic diseases treated with corticosteroids from our departments of 

pediatrics17. During that study an extensive joint and function examination was carried out. To answer 

the question of our present study, the results of the physiotherapeutic examination of the children 

with systemic JIA were used. 

The data of 21 children (14 outpatients from the Department of Pediatric Rheumatology, Sophia 

Children’s Hospital, Rotterdam, and 7 outpatients from the Department of Pediatrics of Leiden 

University Medical Center) were analyzed. Eleven boys and 10 girls with systemic JIA were included. 

The mean age was 9.3 years (range 3.6–16.4; standard deviation, SD, 4.1). At disease onset the mean 

age was 4.1 years (range 1.4–8.3, SD 1.9). The mean duration of the disease was 4.8 years (range 0.8–

12.6, SD 3.6). 

All children had been treated with steroids for over a year. At the time of this study 12 patients still 

used steroids, 20 patients received nonsteroidal antiinflammatory drugs, and 17 patients used one or 

more second line drugs (see Table 1). 

The pediatric physical therapist (WPB) examined the children for the presence of impairments in joint 

function and functional disabilities. 

Impairment  

Joint impairments were evaluated by scoring presence of capsular or joint swelling, tenderness during 

the joint examination, and loss of joint mobility. 

Swelling. A joint count on swollen joints (JCS) was scored by using the 28 joint count according to 

Fuchs18, with addition of the ankle joints. The following joints were examined for swelling: the proximal 

interphalangeal joints (PIP), metacarpophalangeal joints (MCP), wrists, elbows, shoulders, knees, and 

ankles. The swelling scores for each joint were 0 (no swelling) and 1 (swelling present), resulting in a 

30 joint count with a total score ranging from 0 to 30. 

Tenderness (Tender Joint Count [JCT]). The following joints were examined for tenderness: shoulders, 

elbows, wrists, hips, knees, ankles; the remaining were evaluated as a single joint: 

metacarpophalangeal (MCP), PIP, and metatarsophalangeal (MTP) joints. The tenderness scores for 

each joint were 0 (no tenderness) and 1 (tenderness present), resulting in a total score between 0 and 

18. Joint mobility: Joint mobility was determined with a standard 2 legged goniometer and read to the 

nearest 5°. The limitation of joint mobility was evaluated by using the mobility scale of the Joint 

Alignment and Motion scale (JAM)19. The JAM scale assigns 42 movements in a limitation score, based 

on a determined percentage of the normal range of motion. The score for each joint varies from 0 
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(normal range of motion) to 1 (between 0 and 5% decreased range of motion), 2 (between 6 and 25%), 

3 (between 26 and 75%), and 4 (over 76%). The final score was determined as the sum of the left and 

right joints, resulting in a score between 0 and 168. The JAM also contains an alignment scale that 

could not be used in this study because the abnormality of posture and position in children differ from 

the abnormalities in the adult patient. 

Disability  

The extent of functional disabilities was evaluated with the Dutch version of the Childhood Health 

Assessment Questionnaire (CHAQ)20-22 and the Juvenile Arthritis Functional Assessment Scale (JAFAS)23. 

During this study we used the CHAQ-c questionnaire, self-reported by children between 7 and 19 years 

old. The parent reported CHAQ-p questionnaire was used for children younger than 7 years. The 

questions of the CHAQ assess independent function in activities of daily life. These activities are 

divided into 8 different domains: dressing and grooming, arising, walking, eating, hygiene, reach, grip, 

and activities. Three components are evaluated for each domain: ratings of the degree to which daily 

functions are difficult to perform, reported use of special aids or devices, and activities for which 

assistance of another person is required. Each question is scored from 0 to 3, ranging from “without 

any difficulty” to “unable to do.” When the majority of children are not expected to be able to perform 

a certain activity due to age, “not applicable” is marked. The compounded CHAQ score has a possible 

score from 0 to 3. 

The JAFAS is a standardized instrument of functional performance for children between 7 and 18 

years. The JAFAS requires standardized simple equipment and can be administered in about 10 min by 

a health professional who clocks the child’s performance on 10 physical tasks. The recorded time 

compared with a standard time presents the test score. The JAFAS items are scored 0 “task performed 

within the standard time,” 1 “task performed in more than the standard time,” and 2 “unable to 

perform the task,” resulting in a possible score from 0 to 20. Discomfort: Discomfort was determined 

by the presence of pain and its severity in the past week, rated on a double anchored horizontal visual 

analog scale (Pain- VAS) with anchors of “no pain” and “very severe pain,” and is included in the 

CHAQ20,21. 

Analysis. The level of joint impairments was subdivided according to extremity: arm/hand or leg. Joint 

motion, swelling, and tenderness were determined in the extremities. For leg impairment, joint 

motion was measured and number of tender (hip, knee, ankle, and MTP) and swollen (knee and ankle) 

joints was counted. For arm/hand impairment, joint motion was measured and number of tender and 

swollen joints (shoulder, elbow, wrist, MCP and PIP joints) was counted. 

At the level of functional disabilities a selection of items was made for testing specific extremity 

function. To reduce the effect of compensation in carrying out a function, only those items were 

selected that exclusively test the specific extremity function. The selection of these items took place as 

follows: 4 physical therapists experienced in rheumatology independently selected items in CHAQ and 

JAFAS that test specific arm/hand or leg function. 

If, according to the physical therapists, more than one extremity was involved in the performance of 

an activity, the item was excluded. When 3 of the therapists agreed that the activity tested one 

extremity only, the item was included. These items together give 4 compounded measures: the CHAQ-

arm, JAFAS-arm, CHAQ-leg, and JAFAS-leg (the selected items are shown in Tables 4 and 5). 

The analysis of the relationship between joint impairments and functional disabilities consisted of 3 

steps: (1) The correlation between joint impairments (swelling, tenderness, and the limitation of joint 

motion) and functional disabilities (CHAQ, JAFAS) was calculated. (2) This correlation was calculated on 

the extremity level (impairment and the disabilities were therefore subdivided according to the 

specific extremity of interest). (3) This correlation was calculated on the joint and item level. The 

previously selected items were correlated with larger joints of a specific extremity. A compounded 

measure for mobility of each individual joint was used. For each joint, the full range of joint motion 

from flexion to extension for the left and right side was counted. 
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For analysis at the level of the extremities and joints, only items selected in advance from the 

questionnaire and the function test were used. 

RESULTS. 
The clinical characteristics of the patients with respect to impairments and disabilities are represented 

in Table 1. All variables were tested for normal distribution by examining box plots and computing the 

kurtosis and skewness. The results of “tenderness during joint examination” and some of the derived 

scores (JAM-leg, swelling-leg) did not show a normal distribution. For that reason the Spearman rank 

correlation was used in all the analyses. The definitions we utilized to describe the relationship are in 

accordance with Portney24. Correlations ranging from 0.00 to 0.25 indicate little or no relationship, 

those from 0.25 to 0.50 suggest a fair degree of relationship, values of 0.50 to 0.75 are moderate, and 

above 0.75 are considered good to excellent. 

Total scores. The relationship between impairments and disabilities using complete instruments is 

represented in Table 2. The relationship between the total scores of functional disability as measured 

with the CHAQ and loss of joint motion (JAM) was moderate (rs 0.66, p < 0.01). The relationship 

between functional disability and swollen joint count (JCS) was fair (rs 0.45, p < 0.05). There was no 

relationship between reported functional disability and tender joint count. The relationship between 

pain-VAS and tender joint count was fair but not significant (rs 0.35, NS).  

[table 1][table 2]. 
The relationship between the total scores of the function test (JAFAS) and the loss of joint motion 

(JAM) was good (rs 0.77, p < 0.01). The relationship between the function test and the total swollen 

joint count was moderate. There was no relationship between function test and tender joint count. 

Extremities. Table 3 represents the relationship between disabilities and impairments and the 

extremities. The sum of the selected items out of the questionnaire and function test was compared to 

joint impairment of the extremity of interest. The relationships between functional disabilities and loss 

of joint motion in the leg (JAM-leg) were comparable to the relationships between total scores 

(JAM/CHAQleg, rs 0.58, p < 0.01; JAM/JAFAS-leg, rs 0.86, p < 0.01). 

[table 3]. 
The relationship between functional disabilities and loss of joint motion in the arm (JAM-arm) was 

moderate (JAM/CHAQ-arm, rs 0.52, p < 0.05; JAM/JAFAS-arm, rs 0.53, p < 0.05). The only significant 

relationship between the functional disabilities and the swollen joint count was between swollen joint 

count in the arm and the JAFAS; this relationship was moderate. There was no relationship between 

functional disabilities and tender joint count at the level of arm or leg function. 

[table 4]. 
Questionnaire items and joints. Tables 4 and 5 represent the relationship between functional 

disabilities and impairments at the level of items from the questionnaire/function test and 

compounded  measures of range of motion of individual joints. First we calculated the association 

between selected CHAQ items and compounded measures of the range of motion of the individual 

joints. In activities included in the domains “rising,” “walking,” “hygiene,” and “general activities” 

there was a moderate to good relationship between the items of the questionnaire and the 

compounded measure of the range of motion of the hips (rs range 0.70 to 0.81). This relationship was 

also found between the compounded measure for the range of motion of the knee and ankle (rs range 

0.55 to 0.80). 
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[table 5]. 
There was mainly a moderate relationship between activities included in the domains “dressing and 

grooming,” “hygiene,” “reach,” “grip,” and the compounded measures of range of motion of the 

shoulder and elbow (rs range 0.55 to 0.80). There was no significant relationship between items of 

these domains and the compounded measure of range of motion of the wrist. activities included in the 

domains “dressing and grooming,” “hygiene,” “reach,” “grip,” and the compounded measures of range 

of motion of the shoulder and elbow (rs range 0.55 to 0.80). There was no significant relationship 

between items of these domains and the compounded measure of range of motion of the wrist. 

Activities included in the domain “eating” and the compounded measures of the range of motion of 

shoulder, elbow, and wrist showed no significant relationship. 

Next we calculated the association between the selected JAFAS items and the compounded measures 

of range of motion of the individual joints. In leg activities a moderate to good relationship was found 

between the selected items and the compounded measures of range of motion of the hip, knee, or 

ankle (rs range 0.57 to 0.86). This relationship was similar for each joint. 

The correlation between the selected JAFAS items of the arm and the compounded measure of the 

shoulder was moderate (rs range 0.60 to 0.77). Between these items and the compounded measure of 

range of motion of elbow and wrist only one significant and moderate relationship was found. 

DISCUSSION. 
We investigated the relationship between joint impairments and disabilities in children with systemic 

JIA. We researched this relationship at a specific level, the extremities (arm/hand and leg). Our results 

show that from the domain of joint impairments, loss of joint motion is the strongest indicator of 

functional disability and has a particularly large influence on lower limb function. 

In our group of patients functional disabilities were mainly induced by loss of joint motion and to a 

lesser extent by the number of swollen joints, but not by the number of tender joints. The relationship 

between loss of joint motion and disabilities was clearly stronger than in some other studies 

concerning children with JIA15,16,25-27. This may be caused by the severity of loss of joint motion and of 

the disabilities in our population. In the group of patients who participated in our study, only the 

children with prolonged steroid treatment were included. Clearly they experienced more restrictions 

in joint motion and in daily function than the children in some other studies. It might be possible that 

only loss of joint motion above a certain level leads to functional disabilities. Badley, et al28 sought to 

determine the association of limited range of joint motion with difficulty in performance of activities in 

adult patients with rheumatoid arthritis (RA). They found that patients with osteoarthritis or RA had 

difficulty with walking and transfers to and from toilet and bed if they could not flex their knees to at 

least 70°. 

In other studies the correlation between pain or joint swelling and functional disabilities was much 

stronger than in our study15,16,25,26 and was sometimes even stronger than the relationship between 

functional disabilities and the loss of joint motion. Joint tenderness has been suggested as a strong 

determinant of physical disability in JIA26,27 and in patients with early RA29. These varied results indicate 

a complex relationship between impairment and disability, determined by factors like severity and 

duration of the disease. In early arthritis, pain and tenderness might be the strongest factors in 

predicting disability. In prolonged arthritis, pain and joint swelling might become less important. 

Psychosocial variables such as coping strategies and affective states30,31 might also affect this complex 

relationship. 

Finally, the limited number of patients in this study and the small range of tender joints could 

negatively have affected the relationship between the number of tender joints and functional 

disability. 

The relationship between the JAFAS functional performance test and the impairment in joint function 

appeared to be stronger than the relationship between the CHAQ questionnaire and the impairments. 
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An explanation might be that questionnaire measurements reflect a subjective estimation of function, 

and therefore presumably reflect what is important to the patient. The patient’s own judgment will be 

affected by personal (attitude) and environmental (family support) influences. In the comparison of 

observed and reported function by Health Assessment Questionnaire in adult RA patients, both under- 

and overestimation of the actual functional limitations have been described32. The JAFAS on the other 

hand is an objective measure of function, performed under fixed conditions and therefore less 

affected by other influences, hence the stronger relationship. 

To study the relationship between impairment and disability at the level of the extremity, we 

examined functional activities with little or no possibilities for compensation. 

The relationship between loss of joint motion in the leg and disabilities in leg activities appeared to be 

strong. 

However, the relationship between impairments and disabilities in the arm appeared to be moderate. 

These results are in accordance with earlier studies among elderly patients with RA, showing a weak 

relationship between disabilities and upper extremity joint motion28. Loss of joint motion might have a 

large impact on functional activities of the leg, due to the necessity of weight bearing, combined with 

large ranges of joint motion in activities like rising, walking, or climbing the stairs. Loss of joint motion 

might have a minor effect on functional activities of the arm and hand. In activities like eating, 

grasping, or writing, coordination plays a major role and only a small range of joint motion is 

necessary. 

The relationship between items from the questionnaire or function test and the compounded 

measures for range of motion of individual joints is strongest in the hip and shoulder. The mobility of 

the shoulder joint appeared to be the most important factor in predicting functional disabilities in the 

arm. Shoulder function might be more affected by loss of joint motion than elbow or wrist function, 

due to the necessity of large shoulder joint motion in activities like dressing, hair care, or taking 

something out of a closet. 

These results are comparable to Badley’s results28 among elderly patients with RA. She described a 

good relationship between the range of motion of the shoulder and activities like “bending the arm” 

and “reaching upwards” (dressing, washing, reaching). 

The mobility of the hip joint appeared to be the factor most predictive of the existence of functional 

disabilities in activities such as rising, getting in and out of a car, or going to the toilet. Conversely, in 

activities such as walking, running, and playing, the mobility of the ankle appeared to be the most 

predicting factor of functional disabilities. 

Treatment goals of physical therapy in children with JIA can consist of maintaining or improving joint 

motion, reducing joint swelling and decreasing pain on the impairment level, and training by means of 

various activities with the aim to reduce functional disability. Dekker, et al33 determined the strength 

of the relationship between treatment goals and physical therapy interventions. Their study showed 

that the aim of physical therapy was mainly to treat impairments, thereby intending to remedy an 

associated disability. Several studies of the relationship between impairments and disabilities, 

however, show a complex relationship. 

Therefore, physical therapy limited to treating impairments may be questionable. 

The results of our study suggest that to achieve optimal leg function, it is important to conduct not 

only training involving leg activities, but also joint motion of the hip, knee, and ankle. To decrease 

functional disabilities in the arm and hand treatment should involve training in the activities that are 

impaired. On the other hand, when broader activities like dressing and washing are impaired, joint 

motion of the shoulder deserves extra attention. 

Physical therapy should aim to increase functional health. When there is a distinct relationship 

between the experienced disability and the underlying impairment, treatment goals on the 

impairment level could be the means to achieve these goals. When there is no direct relationship, 

physical therapy limited to treating impairment may be questionable and physical therapy should 

focus on the functional disability level13. Further research about the degree to which musculoskeletal 
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impairments are associated with functional disability is important to achieve more purposeful and 

effective physical therapy. 
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