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Abstract

Purpose: To evaluate balance in children with lower limb involvement due to juvenile idiopathic arthritis (JIA).

Methods: Twenty-five children with JIA manifesting lower extremity arthritis within the previous year and 36 children who were healthy (aged 8–18 years) were assessed by using the Biodex Balance System (BBS) (Biodex, Shirley, New York). Single-leg static balance (BBS level 12) and bilateral static and dynamic balance (BBS levels 2 and 7) were measured. Lower extremity strength, disease activity, function, and pain were also assessed.

Results: Ten subjects with JIA (40%) could not complete single-leg balance testing, while all controls did (P < .0001). Bilateral dynamic balance was impaired only at BBS level 2 (most unstable). Lower extremity weakness correlated with poor balance.

Conclusion: A significant proportion of children with leg arthritis have impaired balance. Proprioceptive exercises may emerge as an important therapy in the treatment of lower extremity arthritis.
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INTRODUCTION AND PURPOSE

Body balance involves numerous neuromuscular processes controlled by sensory input, central processing, and neuromuscular responses.1 Many factors may influence balance, including leg dominance, fatigue, age, gender, weight, height, foot size, habitual physical activity, and previous lower extremity injury.2–7

Proprioception is defined as the sense of posture, movement, and changes in equilibrium and the knowledge of position of limbs and body in space.8 Proprioceptive mechanoreceptors present in synovial joints, capsule, muscles, ligaments, menisci, and skin provide afferent input at the spinal level for arthrokinetic and muscular reflexes and at the supraspinal level for motor planning and motor learning.9 Smooth coordinated joint movements play a key role in dynamic joint stability.

Children with juvenile idiopathic arthritis (JIA) may have both proprioceptive deficits and proprioceptive impairments in their motor responses, making them susceptible to balance perturbations. Arthritis of lower extremity joints may be associated with loss of muscle strength and range of motion; instability of weight-bearing joints; and impairment of ambulation, mobility, and exercise tolerance.10 Delayed motor development has been reported, with deficits more evident with increasing age and increased demands for complex gross motor skills.11,12

Disturbance of the proprioceptive network by inflammatory arthritis has been shown in adults with increased postural sway and decreased balance reported in rheumatoid arthritis (RA).13,14 Poor balance has also been recognized in children and young adults with arthropathy associated with hemophilia.15–17

To date, few studies examined balance in children with JIA.18,19 It is our clinical observation that some children with JIA have poor balance, demonstrated by difficulty in single-leg standing and single-leg hopping. The purpose of the present study was to evaluate and describe dynamic postural balance by using the Biodex Balance System (BBS; Biodex, Shirley, New York) in children with JIA. Our hypothesis was that children with JIA have poor dynamic balance compared with children who are healthy. We also explored the relationship between balance and muscle strength, disease activity and functional impairment.
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METHODS

Participants

Subjects aged 8 to 18 years, with a definite diagnosis of JIA and swelling of lower extremity joints within the year before testing, who were followed at the Pediatric Rheumatology Program at a single tertiary care hospital were invited to participate.20 The control group was composed of children aged 8 to 18 years who were healthy. Subjects and controls were excluded from participation if they had auditory or visual impairment (reduced visual acuity allowable if corrected with lens/glasses) or orthopedic injury involving the lower extremities. Study assessments occurred between July and December 2008 for subjects with JIA and between July 2008 and August 2011 for the control group. All subjects and caregivers provided assent and consent before participation. Ethical approval was obtained from the University Clinical Research Ethics Board and the hospital's Research Review Committee.
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Procedures

The subjects with JIA underwent a clinical assessment by a rheumatologist (single examiner) the same day as the balance testing. The following data were collected: active joint count, age, sex, leg dominance, history of previous lower extremity orthopedic injury, JIA subtype, and current medications. Active joint count was determined as the number of joints with either swelling or painful, limited range of motion. Articular severity index was calculated as the sum of scores for joint swelling, pain on motion, tenderness, and limitation of motion.21 Subjects or their proxy (parent or guardian) completed the Childhood Health Assessment Questionnaire (CHAQ), a valid and reliable measure of function in children with JIA, with potential score of 0 to 3, where higher scores indicate greater functional impairment.22 Pain was measured on a 100-mm visual analog scale (VAS), where higher scores indicate more pain.22

Height (Harpenden Stadiometer; London, England) and body mass (Seca Electronics Model 767, Hamburg, Germany) were measured to the nearest 0.1 cm and 0.1 kg, respectively. Body mass index (BMI) was calculated (kg/m2). Obesity was defined as BMI greater than the 95th percentile for age according to reference data.23 Isometric strength of both legs was tested (hip abductors, flexors, extensors; knee extensor, flexors; ankle dorsiflexors and plantar flexors) by manual muscle testing (MMT), and the average of 3 trials was recorded.24 All muscle testing was performed by a single examiner.

Balance was assessed with the BBS, a commercially available balance device. The BBS is a multiaxial tilting platform that allows objective measurement of the ability of a subject to maintain dynamic single- and double-limb postural stance on an unstable platform. The movable balance platform provides up to 20° of surface tilt within a 360° range of motion. This stabilometric technique allows assessment of overall (OA) single- and double-limb postural stability in addition to anterior/posterior (AP) and medial/lateral (ML) stability. The OA stability index represents the variance of foot platform displacement in degrees, from level, in all motions during a test. For static measures, the stability index is measured as the angular excursion of a patient's center of gravity. The variance of foot platform displacement in degrees, from level, for motion in the sagittal plane is represented by the AP stability score, and the variance of foot platform displacement in degrees, from level, for motion in the frontal plane is represented by the ML stability score. A high score is indicative of a lot of movement and indicates poor balance. The OA stability score is believed to be the best indicator of the OA ability of the patient to balance the platform.25 The stability platform allows for varying levels of difficulty of stability testing from level 12 (static) to level 1 (least stable). We assessed average OA, AP, and ML stability scores under the following 5 conditions: right-leg static balance, left-leg static balance, bilateral static balance, bilateral dynamic balance at BBS level 2 (very unstable), and bilateral dynamic balance at BBS level 7 (moderately unstable). Subjects were trained for 3 minutes on the BBS before testing. Each condition was then tested in random sequence as a set of 3 trials of 20 seconds each, separated by at least 10 seconds between trials and a rest period of 2 minutes between conditions. If a subject was unable to balance for the full 20 seconds of a trial, trial times were recorded to the nearest 1/100 of a second. Loss of balance included touching the floor with the non–weight-bearing foot during single-leg balance, touching the handles, or shifting the weight-bearing foot/feet. All tests were performed barefoot. During bilateral stance, subjects were instructed to step on the BBS platform and assume a position of comfort with slight knee flexion and their arms placed across their chest or on their hips. During single-leg stance, subjects were asked to hold their non–weight-bearing leg in hip and knee flexion (thigh parallel to floor).
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Statistical Analysis

Sufficient data were not available for BBS balance outcomes in pediatric patients on which to base an accurate sample size calculation for this preliminary study. Since at least 10 subjects per group are needed for balance measures when using the BBS, we decided to enroll 25 subjects with JIA because we anticipated this group to have greater variance in balance measures than children who were healthy. Controls were not individually matched to each subject with JIA because of difficulties with enrollment, but they were within the same age range as a group. Descriptive statistics were calculated for subject demographics and disease characteristics. Mean and standard deviation are presented for normally distributed data. Median values and ranges are presented for nonnormally distributed data. Difference in balance stability scores between subjects with JIA and controls was tested using an independent sample t test. Pearson correlation coefficients were calculated to evaluate the JIA group for possible relationships between balance and strength. Correlation coefficients of 0.3 to 0.5 were considered low, 0.5 to 0.7 moderate, and 0.7 to 1.0 as high. Post hoc t tests were done to compare dynamic balance measures for those subjects with JIA with and without pain, functional impairments, and active disease. Significance level for all tests was set at α < .05. Statistics were performed using STATA 10 (StataCorp LP, College Station, Texas).
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RESULTS

Twenty-five subjects with JIA (14 boys), aged 8.7 to 18.2 years (median, 13.8 years), and 36 controls (22 boys), aged 8.2 to 18.0 years (median, 9.5 years), participated. Controls were younger than subjects with JIA. Demographic, clinical, and disease factors are shown for subjects with JIA in Table 1. One subject with JIA and no subjects in the control group were obese. Lower extremity joints involved in subjects with JIA within the year before testing included the knee (20), ankle (15), foot (11), and hip (7). All but 1 subject had multiple joints involved. Median joint count on the day of testing was 0 (0–2), and only 5 subjects had active arthritis of the lower limb at the time of testing. Median articular severity index score was 2 (0–26). Median CHAQ score was 0 (0–1.5) and median VAS pain score was 5 (0–73). All but 1 subject were on medication for arthritis. Thirteen (52%) were on nonsteroidal anti-inflammatory drugs, 17 (68%) were on disease-modifying antirheumatic therapy, 4 (16%) were on prednisone, and 7 (28%) were on biologic therapy.
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Single-leg balance was impaired in many subjects with JIA. Ten subjects (40%) were unable to complete any of the 3 trials. One subject could not complete the test on the right leg, 6 on the left leg, and 3 were unable to complete the test on either leg. Ninety-two percent were right-side dominant; a left-side dominant subject accounted for the incomplete test on the right leg. All of the controls were able to successfully complete the single-leg balance test on at least 1 trial. Comparison of each of the 3 trials (completed vs not completed) between the 2 groups is shown in Table 2.

[image: Table 2]TABLE 2 Single-Leg Balance Resultsa



Postural stability results are shown in Table 3. One child, an 11.9-year-old girl with polyarticular rheumatoid factor negative disease, was unable to complete BBS level 2 (very unstable). She had disease duration of 14 months and a history of arthritis affecting both knees, ankles, subtalar joints, and some metatarsophalangeal joints. She did not have active arthritis on the day of testing. The AP, ML, and OA stability indices in the JIA group were significantly higher than controls at level 2 (very unstable). There was no significant difference between the JIA group and control group for bilateral static balance or dynamic balance at level 7 (moderately unstable).

[image: Table 3]TABLE 3 Postural Stability Results (Mean ± Standard Deviation of Postural Stability Scores)



Correlations between strength and balance are shown in Table 4. Isometric hip abduction and hip flexion strength had a low correlation with single-leg balance. Hip abduction, hip flexion, knee flexion, and ankle plantar flexion strength had a low correlation with bilateral balance.

[image: Table 4]TABLE 4 Correlations Between Strength and Balance in JIA Group



Further analysis of subjects with JIA revealed no difference in balance at BBS level 2 for those with or without pain (VAS > 0, VAS = 0, respectively), with or without functional impairments (CHAQ >0, CHAQ = 0, respectively), and with or without active joints on the day of testing. Correlation analyses for BMI were not done as only one subject with JIA had a BMI outside of the healthy weight range.
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DISCUSSION

To our knowledge, our study is the first to report on a comprehensive assessment of balance in children with JIA and healthy controls. We found that compared with healthy controls, children and adolescents with JIA and history of lower extremity arthritis in the last year had gross impairments in single-leg balance and mild impairments in bilateral dynamic balance.

Single-leg balance was significantly impaired, with 40% of the children with JIA unable to stand on one leg on a stable surface for 20 seconds with eyes open. Errors or loss of balance were common in both groups and diminished over the trials in the control but not in the JIA group, suggesting a training or learning effect in the controls. Few studies describe single-leg balance in active adolescent populations. Normative data suggest that adolescents can stand on a single leg on a static surface with eyes closed for 25 seconds.26 Most balance tests include eyes-open dynamic and eyes-closed static and dynamic conditions; no reference data are available for single-leg standing with eyes open. In a case report on balance in juvenile arthritis, a 10-year-old girl successfully completed single-leg balance tests on BBS level 4 (moderately unstable).27 Two previous reports of single-leg balance measures in children with juvenile arthritis have been published.18,19 Neither study had a control group nor was balance the primary outcome. Andre19 reported improvement in single-leg balance in 48 children with foot arthritis after wearing orthotics, and Bacon and colleagues18 reported no improvement in single-leg balance after a 6-week aquatic exercise program in 11 children with juvenile RA.

We found mild impairments in bilateral dynamic balance tested with BBS at level 2 (very unstable) and no impairments in bilateral static balance (level 12) or dynamic balance at level 7 (moderately unstable).

Our findings are consistent with studies of adults with RA that report increased postural sway and decreased balance.14,28 The BBS has been used in 2 studies to evaluate postural control in adults with arthritis: one study in ankylosing spondylitis and one in RA.14,29 In a study of 70 patients with ankylosing spondylitis, no effect on postural balance was found,29 whereas a study of 74 patients with RA found significant deficits in postural stability compared with healthy controls.14 In the study of patients with RA, balance was tested at level 8 (most stable; static level on BBS with levels 1-8) and level 2 (more unstable). Both the OA and AP indices were higher for the RA group for static balance. The static stability OA scores in our cohort of children with JIA (0.612 ± 0.440) are better than those of adults with RA (2.7 ± 0.9) and adults with ankylosing spondylitis (3.29 ± 1.54). Static stability OA scores for adults who are healthy vary in the literature (2.2 ± 0.7; 3.08 ± 1.18). No reference data for static stability scores in children and adolescents are available for comparison, and in this study, we found no difference on static bilateral stability testing between our subjects with JIA and a small control group. Dynamic balance (level 2) was significantly impaired in the RA group, with 15.9% of patients compared with 7.1% of controls unable to complete the test.14 In our study, only 1 child, an 11.9-year-old girl with polyarticular rheumatoid factor negative disease, was unable to complete BBS testing at level 2.

We found correlations between muscle weakness as measured by MMT and poor balance in children with JIA. Studies in adults have shown that as lower extremity strength decreases, the ability to balance decreases as well.30,31 Furthermore, poor proprioception increases the functional consequences of weakness.31,32

In children and young adults with hemophilia, greater muscle strength around affected joints may help protect joints from hemarthrosis, increase joint stability, and reduce injury risk.15,17 Indeed, prophylactic physical therapy focused on improving periarticular muscle strength was demonstrated to reduce the frequency of hemorrhage.16

We found that isometric hip abduction and hip flexion strength had a low correlation with single-leg balance; and hip abduction, hip flexion, knee flexion, and ankle plantar flexion strength had a low correlation with bilateral static and dynamic balance. Significant muscle weakness has been reported in children with JIA, with weakness most pronounced in the muscles surrounding the active joints.33 Knee extension has been most commonly studied, and all studies have reported decreased isometric knee extension strength and torque.33–35 Lindehammar and Backman33 found reduced isometric muscle strength in knee extensors in 20 children with juvenile chronic arthritis. Strength was found to be 45% to 65% of the expected value in muscles near an inflamed joint and only slightly decreased (80%-90% of the expected value) in muscles not adjacent to active arthritis. Isometric and isokinetic ankle dorsiflexor strength were reduced only with ankle arthritis. Brostrom and colleagues36 reported on ankle strength in 10 girls with polyarticular JIA and 10 controls. The girls with JIA had lower ankle plantar flexor and dorsiflexor isometric strength, lower concentric plantar flexion torque, and lower dorsiflexion eccentric and concentric torque than children in the control group. All children were stronger in plantar flexion than dorsiflexion. Hedengren and colleagues34 found lower isometric knee extension, ankle plantar flexion, and dorsiflexion torque in 11 children with juvenile chronic arthritis. The fact that we did not find knee extension deficits to be correlated with decreased balance may be because of our use of manual isometric muscle testing, whereas others used measures of isometric torque or isokinetic strength.33–36

We found no differences in balance scores between children with and without pain, functional impairment, or active disease. In contrast, a positive correlation between balance, measured with the BBS, and function as measured by the Health Assessment Questionnaire is described in adults with RA.14 The CHAQ has a recognized ceiling effect, and better discriminatory measures of function are likely required to identify a significant correlation between function and the relatively mild impairments in dynamic balance shown in this study. Sixteen of our patients (64%) had a CHAQ score of 0, but none of our patients reported optimal sport and activity participation on direct questioning. Similar to our results, postural balance was not affected by disease activity in patients with RA.14

Increased rates of injury, including ankle sprains and anterior cruciate ligament knee injuries, are reported in both high school and collegiate athletes with poor single-leg balance.37–39 Balance training is a key component of sports injury rehabilitation, and recent studies support proprioception training as a strategy to reduce sports-related injuries in children and adolescents.40–43 Proprioceptive training may also decrease joint damage and improve athletic performance in children and young adults with hemophilia.15,16 It follows that proprioceptive exercises may be of benefit to children with JIA, particularly those with poor single-leg balance. Myer and colleagues27 described successful specialized neuromuscular training to improve biomechanics and enhance safe sport participation in a 10-year-old girl with quiescent juvenile RA. Her single-leg balance stability index score improved (right, 56%; left, 46%) after a twice weekly 5-week neuromuscular training program.27 The authors suggest that normalization of biomechanics and teaching correct sport-specific techniques may help children with JIA participate in sport with decreased injury risk. This approach expands upon current recommendations promoting moderate fitness and strengthening exercises for children with arthritis.44 Balance and activity-specific tasks (eg, soccer-specific movements for a child playing soccer) are not routinely assessed, and it is the authors' opinion that such an assessment and subsequent directed rehabilitation may better prepare children with JIA for safe sport participation.

This study has several strengths and limitations. First, we used a standard objective method for measuring balance in children with JIA and compared their results with those of subjects who were healthy and of similar age and sex distribution. We believe that this is appropriate in the absence of reference values for balance measurement in children. Our control group was younger than the subjects with JIA, and as balance improves with age, the findings of balance deficits in children with JIA are even more striking.

Second, the subjects with JIA who volunteered for this study might not represent all children with JIA. For example, relative to our general JIA clinic population, our group had more boys and greater use of biologic agents and corticosteroids.

Third, the cross-sectional study design does not allow assessment of the course of the balance impairments and its temporal relations with disease activity and arthritis treatments.

Fourth, we did not formally assess habitual physical activity or sport participation and therefore cannot comment on any relationships between these and the observed balance impairments.

And finally, we used MMT to examine isometric strength. Manual muscle testing is prone to both intra and interrater variability.45 To minimize this variability, all measures were assessed by the same clinician. Manual muscle testing is a practical measure of muscle strength in the clinic setting. However, use of isokinetic strength testing protocols may allow better quantification of muscle strength and endurance and identification of specific muscles related to balance deficits.

Despite these limitations, we were able to demonstrate, for the first time, significant balance deficits in a small sample of children with JIA. The majority of children in this study had well-controlled disease, and we hypothesize that children with uncontrolled disease and active lower extremity arthritis may have greater impairments in balance. A relationship between upper extremity and/or spinal arthritis and balance dysfunction has not been described, but should be explored in future studies. Future longitudinal studies in larger samples, incorporating standard balance measurement, isokinetic muscle strength testing, and measurement of physical activity and sport participation will be better able to characterize the effect and correlates of the balance impairments shown in this study. Such studies will be most informative in designing balance rehabilitation interventions for children with JIA and evaluating their effectiveness.

The fact that single-leg static balance was grossly impaired in many of our subjects suggests that this might be a good screening test in clinical settings. Those patients who fail to balance for 20 seconds after 3 attempts could then be referred for detailed assessment. Alternatives for clinical screening is the timed eyes-closed dynamic testing (testing on a foam surface) proposed by Emery and colleagues26 or the use of the Balance Error Scoring System. The Balance Error Scoring System is used in standard assessment of concussion and includes three 20-second tests with different stance conditions (double leg, single leg, tandem; all conditions with eyes closed).46,47 The use of Balance Error Scoring System has also been proposed for screening collegiate athletes for postural deficits following lower extremity injury.48

To our knowledge, our study is the first to report a detailed assessment of balance in a group of children with JIA. We found that compared with healthy controls, children and adolescents with JIA and lower extremity involvement in the previous year had grossly impaired single-leg balance and mildly impaired bilateral dynamic balance. Quantifiable impaired balance may serve as a new measure of disability in children with arthritis and provide reference for the design of proprioceptive exercises as an integral part of therapy in the treatment of children with JIA. Improved proprioception in children with arthritis may play a role in improving balance and strength, thereby decreasing risk of injury, improving quality of life, and facilitating full activity and sport participation.
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CONCLUSIONS

A significant proportion of children with leg arthritis have impaired balance. Proprioceptive exercises may emerge as an important therapy in the treatment of children with JIA and lower extremity arthritis.

Back to Top

REFERENCES

1. Westcott SL, Lowes LP, Richardson PK. Evaluation of postural stability in children: current theories and assessment tools. Phys Ther. 1997;77(6):629–645. Cited Here...

2. Odenrick P, Sandstedt P. Development of postural sway in the normal child. Hum Neurobiol. 1984;3(4):241–244. Cited Here...

3. Habib Z, Westcott SL. Assessment of anthropometric factors on balance tests in children. Pediatr Phys Ther. 1998;10(3):101–109. 

4. Ekdahl C, Jarnlo GB, Andersson SI. Standing balance in healthy subjects. Evaluation of a quantitative test battery on a force platform. Scand J Rehabil Med. 1989;21(4):187–195.
5. Pincivero DM, Lephart SM, Henry T. Learning effects and reliability of the Biodex Stability System. J Athlet Train. 1995;30:S35.
6. Tropp H, Ekstrand J, Gillquist J. Factors affecting stabilometry recordings of single limb stance. Am J Sports Med. 1984;12(3):185–188. 

7. Goulding A, Jones IE, Taylor RW, Piggot JM, Taylor D. Dynamic and static tests of balance and postural sway in boys: effects of previous wrist bone fractures and high adiposity. Gait Posture. 2003;17(2):136–141. Cited Here...

8. Lephart SM, Fu FH, eds. Proprioception and Neuromuscular Control in Joint Stability. Champaigne, IL: Human Kinetics; 2000. Cited Here...

9. Hogervorst T, Brand RA. Mechanoreceptors in joint function. J Bone Joint. 1998;80(9):1365–1378. Cited Here...

10. Klepper SE. Exercise and fitness in children with arthritis: evidence of benefits for exercise and physical activity. Arthritis Rheum. 2003;49(3):435–443. Cited Here...

11. Morrison CD, Bundy AC, Fisher AG. The contribution of motor skills and playfulness to the play performance of preschoolers. Am J Occup Ther. 1991;45(8):687–694. Cited Here...

12. van der Net J, van der Torre P, Englebert RH, et al. Motor performance and functional ability in preschool- and early school-aged children with juvenile idiopathic arthritis: a cross-sectional study. Pediatr Rheumatol Online J. 2008;6:2. Cited Here...

13. Noren AM, Bogren U, Bolin J, Stenstrom C. Balance assessment in patients with peripheral arthritis: applicability and reliability of some clinical assessments. Physiother Res Int. 2001;6(4):193–204. Cited Here...

14. Aydog E, Bal A, Aydog ST, Cakci A. Evaluation of dynamic postural balance using the Biodex Stability System in rheumatoid arthritis patients. Clin Rheumatol. 2006;25(4):462–467. Cited Here...

15. Hilberg T, Herbsleb M, Puta C, Gabriel HH, Schramm W. Physical training increases isometric muscular strength and proprioceptive performance in haemophilic subjects. Haemophilia. 2003;9(1):86–93. Cited Here...

16. Buzzard BM. Physiotherapy for prevention and treatment of chronic hemophilic synovitis. Clin Orthop Relat Res. 1997;343:42–46. Cited Here...

17. Hilberg T, Herbsleb M, Gabriel HH, Jeschke D, Schramm W. Proprioception and isometric muscular strength in haemophilic subjects. Haemophilia. 2001;7(6):582–588. Cited Here...

18. Bacon MC, Nicholson C, Binder H, White PH. Juvenile rheumatoid arthritis. Aquatic exercise and lower-extremity function. Arthritis Care Res. 1991;4(2):102–105. Cited Here...

19. Andre M. Patient Education and Foot Disability in Juvenile Idiopathic Arthritis: A Physiotherapy Perspective. Stockholm, Sweden: Astrid Lindgren Children's Hospital, Karolinska University Hospital; 2005. Cited Here...

20. Petty RE, Southwood TR, Manners P, et al. International League of Associations for Rheumatology classification of juvenile idiopathic arthritis: second revision, Edmonton, 2001. J Rheumatol. 2004;31(2):390–392. Cited Here...

21. Brewer EJ Jr, Giannini EH. Standard methodology for Segment I, II, and III Pediatric Rheumatology Collaborative Study Group studies. I. Design. J Rheumatol. 1982;9(1):109–113. Cited Here...

22. Singh G, Athreya BH, Fries JF, Goldsmith DP. Measurement of health status in children with juvenile rheumatoid arthritis. Arthritis Rheum. 1994;37(12):1761–1769. Cited Here...

23. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child overweight and obesity worldwide: international survey [see comment]. BMJ. 2000;320(7244):1240–1243. Cited Here...

24. Kendall FP, McCreary EK, Provance PG, Rodgersm MM, Romani WA. Muscles: Testing and Function With Posture and Pain. 5th ed. Baltimore, MD: Lippincott Williams & Wilkins; 2005. Cited Here...

25. Testerman C, Vander Griend R. Evaluation of ankle instability using the Biodex Stability System. Foot Ankle Int. 1999;20(5):317–321. Cited Here...

26. Emery CA, Cassidy JD, Klassen TP, Rosychuk RJ, Rowe BB. Development of a clinical static and dynamic standing balance measurement tool appropriate for use in adolescents. Phys Ther. 2005;85(6):502–514. Cited Here...

27. Myer GD, Brunner HI, Melson PG, Paterno MV, Ford KR, Hewett TE. Specialized neuromuscular training to improve neuromuscular function and biomechanics in a patient with quiescent juvenile rheumatoid arthritis. Phys Ther. 2005;85(8):791–802. Cited Here...

28. Ekdahl C, Andersson SI. Standing balance in rheumatoid arthritis. A comparative study with healthy subjects. Scand J Rheumatol. 1989;18(1):33–42. Cited Here...

29. Aydog E, Depedibi R, Bal A, Eksioglu E, Unlu E, Cakci A. Dynamic postural balance in ankylosing spondylitis patients. Rheumatology. 2006;45(4):445–448. Cited Here...

30. Sturnieks DL, St George R, Lord SR. Balance disorders in the elderly. Neurophysiol Clin. 2008;38(6):467–478. Cited Here...

31. Messier SP, Glasser JL, Ettinger WH Jr, Craven TE, Miller ME. Declines in strength and balance in older adults with chronic knee pain: a 30-month longitudinal, observational study. Arthritis Rheum. 2002;47(2):141–148. Cited Here...

32. Sturnieks DL, Tiedemann A, Chapman K, Munro B, Murray SM, Lord SR. Physiological risk factors for falls in older people with lower limb arthritis. J Rheumatol. 2004;31(11):2272–2279. Cited Here...

33. Lindehammar H, Backman E. Muscle function in juvenile chronic arthritis. J Rheumatol. 1995;22(6):1159–1165. Cited Here...

34. Hedengren E, Knutson LM, Haglund-Akerlind Y, Hagelberg S. Lower extremity isometric joint torque in children with juvenile chronic arthritis. Scand J Rheumatol. 2001;30(2):69–76. Cited Here...

35. Giannini MJ, Protas EJ. Comparison of peak isometric knee extensor torque in children with and without juvenile rheumatoid arthritis. Arthritis Care Res. 1993;6(2):82–88. Cited Here...

36. Brostrom E, Nordlund MM, Cresswell AG. Plantar- and dorsiflexor strength in prepubertal girls with juvenile idiopathic arthritis [see comment]. Arch Phys Med Rehabil. 2004;85(8):1224–1230. Cited Here...

37. McGuine TA, Greene JJ, Best T, Leverson G. Balance as a predictor of ankle injuries in high school basketball players. Clin J Sport Med. 2000;10(4):239–244. Cited Here...

38. Trojian TH, McKeag DB. Single leg balance test to identify risk of ankle sprains. Br J Sports Med. 2006;40(7):610–613; discussion 613.
39. Fauno P, Wulff Jakobsen B. Mechanism of anterior cruciate ligament injuries in soccer. Int J Sports Med. 2006;27(1):75–79. Cited Here...

40. Gilchrist J, Mandelbaum BR, Melancon H, et al. A randomized controlled trial to prevent noncontact anterior cruciate ligament injury in female collegiate soccer players. Am J Sports Med. 2008;36(8):1476–1483. Cited Here...

41. Malliou P, Gioftsidou A, Pafis G, Beneka A, Godolias G. Proprioceptive training (balance exercises) reduces lower extremity injuries in young soccer players. J Back Musculoskeletal Rehabil. 2004;17:101–104.
42. Emery CA, Cassidy JD, Klassen TP, Rosychuk RJ, Rowe BH. Effectiveness of a home-based balance-training program in reducing sports-related injuries among healthy adolescents: a cluster randomized controlled trial. CMAJ. 2005;172(6):749–754.
43. McGuine TA, Keene JS. The effect of a balance training program on the risk of ankle sprains in high school athletes [see comment]. Am J Sports Med. 2006;34(7):1103–1111. Cited Here...

44. Philpott J, Houghton K, Luke A. Physical activity recommendations for children with specific chronic health conditions: juvenile idiopathic arthritis, hemophilia, asthma and cystic fibrosis. Paediatr Child Health. 2010;15(4):213–225. Cited Here...

45. Cuthbert SC, Goodheart GJ Jr. On the reliability and validity of manual muscle testing: a literature review. Chiropr Osteopat. 2007;15:4. Cited Here...

46. Hunt TN, Ferrara MS, Bornstein RA, Baumgartner TA. The reliability of the modified Balance Error Scoring System. Clin J Sport Med. 2009;19(6):471–475. Cited Here...

47. Finnoff JT, Peterson VJ, Hollman JH, Smith J. Intrarater and interrater reliability of the Balance Error Scoring System (BESS). PM&R. 2009;1(1):50–54. Cited Here...

48. Docherty CL, Valovich McLeod TC, Shultz SJ. Postural control deficits in participants with functional ankle instability as measured by the Balance Error Scoring System. Clin J Sport Med. 2006;16(3):203–208. Cited Here...

adolescent; child; juvenile idiopathic arthritis; postural balance



© 2013 Lippincott Williams & Wilkins, Inc.
  OEBPS/images/Original.00001577-201325020-00006.TT3.jpeg
Stability

Level Indices JIA Control P
12, static OA 0.612 £ 0.440 0.758 £ 0.502 .883
AP 0.424 £ 0.281 0.553 £ 0.350 .934

ML 0.336 £ 0.300 0.372 £ 0.320 .671

7, moderately OA 125 £ 0.66 1.136 £ 0.58 .23
unstable AP 0.836 £ 0.435 0.808 £ 0.480 .410
ML 0.740 £ 0.456 0.608 £ 0.313 .093
2, very OA 1.871 + 1.176 1.472 + 0.676 .050*
unstable AP 1.283 £ 0.777 0.978 £ 0.465 .031*
ML 1.079 £ 0.763 0.828 £ 0.390 .049*

Abbreviations: AP, anterior/posterior; ML, medial/lateral; OA, overall.
ap < .05, from independent sample ¢ test.
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Stability Hip Knee Ankle Ankle Plantar

Level Indices Abduction Hip Flexion Extension Knee Flexion Dorsiflexion Flexion
Single leg, right 0A —0.48° —0.54 —0.04 013 —0.14 —013
Single leg, left OA —-0372 —0.46* —0.45* —-0.29 —0.15 —0.25
Level 12, static OA —0.312 —0.38* 0.07 —0.39* —0.01 —0.41*
Level 7 OA —0.36* —0.35* 0.23 —0.302 0.27 —0.492
Level 2 OA — 0472 —0.507 0.18 —0.492 0.23 —0.52°

Abbreviations: JIA, juvenile idiopathic arthritis; OA, overall.
“Low correlation.
brrsdepate snirelabion:
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Disease Active
JIA Duration, CHAQ, VAS Pain, Joint

Subject Age,y Gender BMI Subtype mo 03 0-100 Count  ASI, 0-264 Hip Knee Ankle Foot MEDS
1 16.8 Male 254 ERA 48 0 T 1 0 No No No Yes S,N,M
2 15.9 Male 19.1 Poly RF+ 47 6 0 13 Yes No Yes Yes ILJE
3 11.9 Female 17.1 Poly RF— 14 0.125 0 0 206 No Yes Yes Yes M, H, N
4 122 Female 17.4 P-QJIA 65 0 0 0 0 No Yes Yes No M
5 117 Male 16.5 Unclass 22 0 0 0 1: Yes Yes No Yes M, S,
ibuprofen

6 13.8 Male 34.0 ERA 49 0 20 0 8 Yes No Yes Yes E, N, 1P
&b 153 Male 21.6 SJIA 21 0.5 35 0 6 No Yes Yes No N
8 16.2 Female 22 P-OJIA 21 0 6 1 1 Yes No No No N
9 10 Female 15.7 E-OJIA 105 0 0 0 2 No Yes Yes Yes None
10 12.9 Female 27 SJIA 101 0125 25 0 3 No Yes Yes No M, 1
11 15.2 Male 234 SJIA 4 0.125 8 0 1 No Yes Yes No P
12 14.3 Male 255 ERA 7 0.375 0 0 0 No Yes Yes No N, IATH
13 16.6 Male 227 ERA 40 0 0 0 0 Yes No No No LM
14 8.7 Female 18.9 P-OJIA 75 0 0 0 0 No Yes No Yes N
15 11.7 Female 19 E-OJIA 101 0.25 0 0 0 No Yes Yes No M
16 14.5 Male 193 Unclass 85 0 12 0 0 No Yes No No M
17 15.4 Male 20.6 ERA 118 0.125 0 0 7 No Yes No No SE;L
18 15.7 Female 21.2 P-OJIA 6 15 73 0 8 No Yes No No P
19 18.2 Female 23.7 Poly RF— 1131 0.125 40 0 7 No Yes Yes Yes M, N
20 8.7 Female 18.7 SJIA 1.5 0 5 0 6 No Yes Yes No AP, C
21 122 Male 24 Poly RF— 36 0 74 2 4 Yes Yes Yes Yes M, N
22 14.0 Male 19.7 ERA 46 0 11 1 ¥ Yes Yes No No M
23 128 Male 17.8 P-OJIA 57 0 0 0 2 No Yes No Yes N
24 12.6 Male 218 Unclass 15 0 0 0 2 No Yes Yes No S,N
25 10.3 Female 211 Poly RF— 99 0 0 1 5 No Yes Yes Yes N,LLE
Median, range 13.5 (2.5) 14 Male:11 213 (3.9) 47 (1-118) 0(0-1.5)  5(0-73) 0 (0-2) 2 (0-26) 7 Yes 20 Yes 15 Yes 11 Yes

Female 18 No 5No 10 No 14 No

Abbreviations: A, anakinra; ASI, articular severity index; BMI, body mass index; C, cyclosporine; CHAQ, Childhood Health Assessment Questionnaire; E, etanercept; E-OJIA, extended
oligoarticular JIA; ERA, enthesitis-related arthritis; H, hydroxychloroquine; 1, infliximab; IATH, intra-articular triamcinolone hexacetonide; JIA, juvenile idiopathic arthritis; L, leflunomide; M,
methotrexate; MEDS, medications; N, naproxen; P-OJIA, persistent oligoarticular JIA; P, prednisone; Poly RF+, polyarticular RF positive; Poly RF—, polyarticular RF negative; S, sulphsalazine;
S-JIA, systemic JIA; Unclass, unclassified; VAS, visual analog scale.
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Successfully Completed Tests

JIA Control P
Right leg
Trial 1 2125 35/36 0641
Trial 2 21725 34/36 .0178"
Trial 3 21725 36/36 .00350°
Left leg
Trial 1 14/25 27/36 11200
Trial 2 14/25 32/36 .00335"
Trial 3 13/25 36/36 .000001°

Abbreviation: JIA, juvenile idiopathic arthritis.
*Two subjects with JIA and 1 subject in the control group were left-side
dominant.
bp ~ 05.





