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Abstract

Introduction: In the course of rheumatoid arthritis (RA), an important problem that affects
the stability and symmetry of lower limb loading is the global motor impairment of the foot
due to its planovalgus deformity, as well as the occurrence of numerous lesions in the foot
joints. In ankylosing spondylitis (AS), there is eventually a permanent limitation of spinal
mobility, which results in impaired lower limb loading and body balance. In systemic
sclerosis (SSc), pain and joint contractures negatively affect the proper posture and stability of
the body and the normal lower limb loading.

Material and methods:Tests of body balance, stability and symmetry of lower limb loading
were performed on a computerised two-plate stabilometric platform. The testing consisted of
two trials — the first performed with eyes open (open-eye test) and the second performed
with eyes closed (closed-eye test).

Results: There were a total of 50 AS patients, 68 RA patients and 53 SSc patients examined.
There were no statistically significant differences between the study groups including the
open-eye test and the closed-eye test. Each study group revealed statistically significant
higher values for the total distance travelled by the patient's centre of pressure of the feet over

the course of testing as assessed using the closed-eye test compared to the open-eye test.
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Discussion: The groups analysed in this paper represent three functionally distinct connective
tissue diseases that are marked by involvement of different constituents of the motor system
component. Systemic sclerosis (SSc) presents itself as a disease with a completely different
movement pattern that is marked by a reduction in the amplitudes of the centre of pressure
(CoP) in both the closed-eye test and the open-eye test.

Conclusions: Postural and balance disorders are common in rheumatic diseases, and the
pattern of movement disorders is disease-specific.

Keywords: rheumatic diseases; rheumatoid arthritis; ankylosing spondylitis; systemic

sclerosis; stabilometric platform; postural disorders

Introduction

In European countries, rheumatic diseases involving postural and balance disorders affect
120 million people. One in five Europeans with these diseases receives long-term care. In
Poland, it is estimated that approximately 10 million people suffer from musculoskeletal
disorders, and 61.2% of the adult population experiences cyclic or constant rheumatic pain.
This pain is more prevalent in women (66.6%) compared with men (54.8%) [1].

In the course of rheumatoid arthritis (RA), an important problem that affects the stability
and symmetry of lower limb loading is the global motor impairment of the foot due to its
planovalgus deformity, as well as the occurrence of numerous lesions in the foot joints. These
deformities also indirectly affect the hip, knee and spinal joints, resulting in an impaired gait.
Furthermore, they are further aggravated by inflammatory changes in the joints and structures
of the periarticular system such as tendons, peridesmium and bursae [2, 3].

The pain symptoms experienced by RA patients often result in flexor contractures and
extensor weakness. As pain is exacerbated during motor activities, patients try to keep their
limbs in a non-painful position, usually in flexion, which results in joint contractures.
Excessive muscle tension in the peripheral muscles of the limbs negatively affects central
stabilisation, resulting in body balance impairment [4].

Synovitis of the atlanto-occipital, atlanto-axial and atlanto-dental joints, as well as
destruction of the odontoid process and transverse ligament, and the development of
rheumatoid granulation tissue between the C1 arch and the C2 tooth are responsible for the
presence of occipitovertebral or atlanto-axial instability, which has a significant impact on
balance and trunk stabilisation [5].

Ankylosing  spondylitis (AS), a typical representative of inflammatory

spondyloarthropathies (SpAs), is described by inflammation of the spinal joints, sacroiliac
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joints, ligaments and paraspinal soft tissues. As the disease progresses, ligaments of the spine
ossify and produce an image resembling a Flemish column or a bamboo stick. Pathological
changes in the lumbar spine include a reduction in its physiological lordosis and increased
tension in the paraspinal soft tissues, resulting in limited mobility to the point of full stiffness.
In the thoracic spine, there is an increase in thoracic kyphosis and decreased mobility due to
damage to the intervertebral, costotransverse and costovertebral joints. Changes in the
thoracic region of the spine result in protraction of the shoulders, more distance between the
shoulder blades and the line of the spine, contracture of the pectoral muscles and formation of
a round back. Involvement of the cervical spine results in protraction of the head, contracture
of the suboccipital muscles and, over time, complete stiffening of the cervical spine and
development of spondylolytic posture. In the next stage, contractures develop in knee and hip
joints, forcing the patient to adopt a so-called skier's posture. Ultimately, the course of the
disease results in a permanent limitation of spinal mobility in each of the possible planes and
anteflexion, which results in impaired lower limb loading and impaired body balance [5, 6].

In systemic sclerosis (SSc), the main symptom is hardening of the skin with its
characteristic proximal and distal involvement (mainly on the upper and lower limbs and
trunk). There is also an increase in skin tension and connection to the subcutaneous tissue. In
addition to dermatological symptoms, there is also fibrosis of peridesmium and fasciae,
resulting in limited joint mobility and flexion contractures. Painful and difficult-to-heal ulcers
form on the fingertips, resulting in pitting scars. Pain and joint contractures negatively affect
the proper posture and stability of the body and the normal lower limb loading [7-9].

This study aims to assess the stability and symmetry of lower limb loading and compare
the differences in this area, which are found between patients with rheumatoid arthritis (RA),
ankylosing spondylitis (AS) and systemic sclerosis (SSc).

Material and methods
Patients

Patients meeting the classification criteria of three systemic connective tissue diseases
were included in the study: 1. Rheumatoid arthritis classified according to the 2010 European
League Against Rheumatism/American College of Rheumatology (EULAR/ACR)
classification criteria [10], 2. Ankylosing spondylitis diagnosed based on the modified New
York Criteria [11] and 3. Systemic sclerosis (SSc) diagnosed based on the 2013 EULAR/ACR
criteria [12]. A signed consent to voluntarily participate in the study was a condition of
participation.

Exclusion criteria included:



1. Coexistence of another systemic connective tissue disease, osteoarthritis,
congenital/acquired joint deformities, acute/chronic arthritis of a weight-bearing joint (hip
joint, knee joint, ankle joint, foot joints) of another aetiology.

2. Acute/chronic inflammation of the anterior segment of the eyeball that, in the opinion of the
researcher, could impair vision.

3. Sustaining injuries to limbs resulting in permanent disability or until full functionality is
regained.

4. Neurological diseases that cause balance disorders and impair muscle strength.

5. Myopathies and polyneuropathies.

Study design

Tests of body balance, stability and symmetry of lower limb loading were performed on a
computerised two-plate stabilometric platform (DP01). Strain gauge sensors were placed at
the corners, registering the central pressure of the feet on the ground and its displacement in
two axes (anterior-posterior and medial-lateral). Measurements were taken after the subject
had rested for 5 minutes in a sitting position. The testing consisted of two trials — the first
performed with eyes open (open-eye test) and the second performed with eyes closed (closed-
eye test). During each trial, the test subject stood without footwear so that each foot was on a
separate plate, adopting a relaxed position with the upper limbs placed along the body. During
the trials, which lasted 30 seconds each, the subject remained motionless. During the part of
the test in which the subject's eyes were open, their gaze was focused on a monitor screen
with a still image ("blank" statokinesiogram as a reference) to adopt the correct posture. The
test results are shown in the form of two graphs — a statokinesiogram, which shows the
displacement of the centre of pressure (CoP) in the X-axis (right and left deviations) and Y-
axis (forward and backward deviations), and a stabilogram, which shows the position of the
CoP as a function of time (separately for right and left movement and separately for forward
and backward movement). The parameters measured during the test on the stabilometric

platform are shown in Table I.

Statistical analysis

Interval scale data with a normal distribution were shown as mean + standard deviation,
and those deviating from a normal distribution were shown as median, lower and upper
quartiles. Qualitative data are shown as counts and percentages. The normality of the data

distribution was assessed using the Shapiro-Wilk test and quantile-quantile (Q-Q) plot. A two-
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way ANOVA and post-hoc contrast analysis were used for the comparison of interval scale
data between groups. Variables for which the significance level p was < 0.05 were considered
statistically significant parameters. Calculations were performed using Statistica 12.0 version

PL.

Results
Study population

A total of 171 patients were tested: 50 AS patients, including 18 (36.0%) women, aged 37
+ 11 (mean disease duration 8.9 + 7.8 years), 68 RA patients, including 55 (80.9%) women,
aged 55 = 12 (mean disease duration 11.4 + 10.7 years) and 53 SSc patients, including 37

(69.8%) women aged 55 + 12 (mean disease duration 5.2 + 6.4 years).

Stabilometric platform test analysis

For the open-eye test, there were no statistically significant differences registered from the
reference value of 1. For the closed-eye test, however, body balance was statistically
significantly higher than 1 (p < 0.05) in AS and SSc patient groups, which tends to indicate a
greater pressure of the right foot on the ground. There were no statistically significant
differences between the study groups including both the open-eye test and the closed-eye test
(Fig. 1).

Moreover, in each study group, there were statistically significantly higher values for the
total distance travelled by the patient's CoP over the course of testing, as assessed using the
closed-eye test compared to the open-eye test, performed in both planes (2D) and in the
anterior-posterior (AP) plane. For the medial-lateral (ML) plane, significantly higher values in
the closed-eye test compared to the open-eye test were found only in the RA group (Fig. 1).

It was also found that the mean amplitude of CoP from point 0 was: 1 — statistically
significantly lower in the SSc group compared to the RA and AS group, when patients were
tested with eyes closed and in 2D planes, with no significant differences found in other
comparisons, 2 — statistically significantly lower in the SSc group compared to the RA and
AS group, when patients were tested with eyes open and closed in the AP plane, with no
significant differences found in other comparisons. Moreover, there were no significant
differences between the groups when patients were tested with eyes open and closed, in the
ML plane (Fig. 2). The maximum amplitude of CoP from point 0, assessed in the AP plane in
patients with both eyes open and closed, was statistically significantly higher in the RA group

compared to the SSc group.



In addition, it was found that in the closed-eye test there were statistically significantly
higher mean velocity values in 2D planes and in the AP plane across all study groups,
compared to the open-eye test. In the closed-eye test, there was a statistically significantly
higher velocity value in the RA group compared to the SSc group. For the test in the ML
plane, there were only statistically significantly higher mean velocity values in the closed-eye
test in the RA group, compared to the open-eye test (Fig. 3).

In terms of the sway area covered by the path diagram, there were statistically significantly
higher values in the closed-eye test compared to the open-eye test in the group with AS and
RA. There were significantly lower values in the closed-eye test in the group with SSc
compared to AS and RA patients. The ratio of the length of statokinesiogram (sway path) to
its sway area was statistically significantly higher in the closed-eye test in the SSc group
compared AS and RA patients. There were no statistically significant differences between the
other groups (Fig. 4).

Also, there were no differences in terms of the mean frequency; however, in the case of the
percentage of time spent by the CoP within a circle of radius R = 5 mm, there were
significantly higher values when assessed with both eyes open and closed in the SSc group
compared to AS and RA patients — (Fig. 4). In all study groups, there was a greater number
of amplitudes from the centre of gravity in the closed-eye test, in the AP plane, compared to
the open-eye test. Moreover, AS patients had a statistically significantly lower number of
amplitudes compared to SSc patients in the open-eye test, while they had statistically
significantly lower number of amplitudes compared to RA patients in the closed-eye test. In
the test that was performed in the ML plane, there was a significantly greater number of
amplitudes in the closed-eye test compared to the open-eye test in the RA and SSc group, but
not in the AS group. Furthermore, SSc patients, when assessed with their eyes open, had
statistically significantly lower number of amplitudes compared to AS and RA patients (Fig.

5).

Discussion

The groups analysed in this paper represent three functionally distinct connective tissue
diseases that are marked by involvement of different constituents of the motor system
component. The lesions include, mainly but not exclusively, the peripheral joints in RA, the
sacroiliac joints and spinal joints in AS, and the tendons, soft tissues and, to a slightly lesser

extent, the peripheral joints in SSc.



Tests on the posturometric platform, which were performed in patients with RA and
degenerative changes by Sokotowska et al., proved to be an effective and non-invasive
method to assess balance and postural stability in people with rheumatic diseases. There were
significantly greater problems with balance compared to healthy subjects, and RA patients
showed greater imbalances compared to patients with degenerative changes, although the
difference did not reach statistical significance [13]. To the authors' surprise, only minor
differences were found between RA patients and AS patients despite the involvement of
different elements that affect movement in both diseases. Against this background, SSc
presents itself as a disease with a completely different movement pattern that is marked by a
reduction in the amplitudes of CoP in both the closed-eye test and the open-eye test.
Furthermore, compared to RA, SSc patients had lower CoP velocity values. These data
indicate stiffening of the posture in these patients, likely due to soft tissue stiffness, increased
tendon tension, and fibrosis within the periarticular system. As recently shown, SSc patients
exhibit an impaired balance pattern that predisposes them to an increased risk of falls [14]. A
recently published study also found that there is significant impairment of back muscle
function in the course of SSc, resulting in a significant change in movement pattern [15].
These data may at least partly explain the occurrence of different movement patterns precisely
among SSc patients.

The data obtained during this study are in agreement with the published posturometric
study confirming the deficit in obtaining a normal statistical pattern. Following this, a
reduction in foot movement in the tested planes may indicate an increased predisposition to
the patient's loss of static balance in a straight line, leading to a fall with all its negative
consequences [16].

Park et al. studied patients with degenerative changes in the knee joints. They performed
two trials, one with eyes open and one with eyes closed. No correlation was found between
pain intensity and degree of problems with balance. The authors found that patients performed
worse due to age rather than disease severity and duration [17]. The opposite observation was
reported by Hinman et al. who proved that patients with knee osteoarthritis have poorer
posturographic performance as the severity of knee pain increases [18]. These data are in
agreement with the results obtained during this study. The discrepancies found during testing
in the ML plane, involving a significantly greater number of amplitudes in the closed-eye test
compared to the open-eye test, between the group of RA and SSc patients in comparison to
the group of AS patients, may result from different distribution of inflammatory changes in

peripheral joints in these respective diseases. This is marked by a higher frequency of
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involvement of weight-bearing joints in RA and SSc, with minimal involvement of peripheral
joints in axial SpA (axSpA) patients. This is supported by the study by Sokotowska et al., who
found that the results are also affected by the severity and extent of the disease. Kim et al.
studied 80 patients with knee osteoarthritis. They performed two trials with eyes open and
closed. They found that subjects in the moderate and advanced stages of the disease
performed worse than subjects with mild disease symptoms. The authors concluded that
patients with reduced muscle strength and greater pain symptoms had poorer balance [19].

In another study involving 18 RA patients at an advanced stage of the disease, there was
evidence of problems with balance and postural stability [20], confirming the findings of the
study. Yasunari Ikuta et al. who studied postural stability in 101 adolescent athletes imply that
hindfoot valgus deformity causes poorer posture and stability [21].

This study found higher values for the total distance travelled by the patient's CoP of the
feet, as assessed using the closed-eye test compared to the open-eye test, across all study
groups. There were no significant differences between the groups. These data indicate better
control of body balance in space with eyes open compared to eyes closed regardless of the
disease entity, which is most likely the norm for every individual. This is confirmed by studies
conducted on a group of healthy people with no visual problems. The studies revealed a
significant effect of visual control on balance [22].

The limitations of this study are due to the size of study groups, which precludes more
detailed analyses that are related to disease severity. In addition, the tests performed on the
posturographic platform were carried out by the researcher for the first time, who made every

effort and carried them out to the best of their knowledge.

Conclusions

1. Motor and postural disorders are common in patients with rheumatic diseases.
2. The pattern of movement disorders is conditioned by the predominant form of damage

to the musculoskeletal system in a given disease.
3. The rheumatic diseases studied affect the maintenance of normal balance to varying

degrees, and RA is a condition in which deviations from the norm occur most

frequently.

Data availability statement
Ethics statement:

Author contributions



Funding

None declared.

Confflict of interest

Authors declare no conflict of interest

References

10.

11.

JA PACJENT! Perspektywa Organizacji Pacjenckich na Stan Opieki Reumatologicznej w Polsce
RAPORT. www.rynekzdrowia.pl/Pliki/136002.html (25.01.2017).

Prusinowska A, Michalak C, Lisowska B. Deformacje stép w reumatoidalnym zapaleniu
stawéw — leczenie operacyjne i rehabilitacja. Reumatologia ; 46. 2008; 46(1): 27-31.

Zuk B, Ksiezopolska-Ortowska K. Ochrona stawéw w reumatoidalnym zapaleniu stawoéw.
Zaopatrzenie ortopedyczne. Reumatologia . 2009; 47(5): 241-248.

Zuk T, Dziak A, Gusta A. Podstawy ortopedii i traumatologii. 3rd ed. PaAstwowy Zaktad
Wydawnictw Lekarskich, Warszawa 1980: 164-169.

Paprocka-Borowicz M, Zawadzki M. Fizjoterapia w chorobach ukfadu ruchu. Goérnicki
Wydawnictwo Medyczne, Wroctaw 2007: 77-102.

Zochling J, van der Heijde D, Dougados M, et al. 'ASsessment in AS' international working
group, European League Against Rheumatism. ASAS/EULAR recommendations for the
management of ankylosing spondylitis. Ann Rheum Dis. 2006; 65(4): 442-452,
doi: 10.1136/ard.2005.041137, indexed in Pubmed: 16126791.

Amjadi S, Maranian P, Furst DE, et al. Investigators of the D-Penicillamine, Human
Recombinant Relaxin, and Oral Bovine Type | Collagen Clinical Trials. Course of the modified
Rodnan skin thickness score in systemic sclerosis clinical trials: analysis of three large
multicenter, double-blind, randomized controlled trials. Arthritis Rheum. 2009; 60(8): 2490-
2498, doi: 10.1002/art.24681, indexed in Pubmed: 19644851.

Clements P, Lachenbruch P, Siebold J, et al. Inter and intraobserver variability of total skin
thickness score (modified Rodnan TSS) in systemic sclerosis. ] Rheumatol. 1995; 22(7):
1281-1285, indexed in Pubmed: 7562759.

LeRoy EC, Black C, Fleischmajer R, et al. Scleroderma (systemic sclerosis): classification,
subsets and pathogenesis. ] Rheumatol. 1988; 15(2): 202-205, indexed in
Pubmed: 3361530.

Funovits ], Aletaha D, Bykerk V, et al. The 2010 American College of
Rheumatology/European League Against Rheumatism classification criteria for rheumatoid
arthritis: methodological report phase I. Ann Rheum Dis. 2010; 69(9): 1589-1595,
doi: 10.1136/ard.2010.130310, indexed in Pubmed: 20699242.

van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic criteria for ankylosing
spondylitis. A proposal for modification of the New York criteria. Arthritis Rheum. 1984;
27(4): 361-368, doi: 10.1002/art.1780270401, indexed in Pubmed: 6231933.



https://www.ncbi.nlm.nih.gov/pubmed/6231933
http://dx.doi.org/10.1002/art.1780270401
https://www.ncbi.nlm.nih.gov/pubmed/20699242
http://dx.doi.org/10.1136/ard.2010.130310
https://www.ncbi.nlm.nih.gov/pubmed/3361530
https://www.ncbi.nlm.nih.gov/pubmed/7562759
https://www.ncbi.nlm.nih.gov/pubmed/19644851
http://dx.doi.org/10.1002/art.24681
https://www.ncbi.nlm.nih.gov/pubmed/16126791
http://dx.doi.org/10.1136/ard.2005.041137
https://journals.viamedica.pl/rheumatology_forum/editor/submissionCitations/www.rynekzdrowia.pl/Pliki/136002.html

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

van den Hoogen F, Khanna D, Fransen ], et al. 2013 classification criteria for systemic
sclerosis: an American college of rheumatology/European league against rheumatism
collaborative initiative. Ann Rheum Dis. 2013; 72(11): 1747-1755,
doi: 10.1136/annrheumdis-2013-204424, indexed in Pubmed: 24092682.

Sokotowska B, Czerwosz L, Hallay-Suszek M, et al. Posturography in patients with
rheumatoid arthritis and osteoarthritis. Adv Exp Med Biol. 2015; 833: 63-70,
doi: 10.1007/5584_2014_29, indexed in Pubmed: 25298260.

Yakut H, Ozalevli S, Birlik AM. Postural balance and fall risk in patients with systemic
sclerosis: A cross-sectional study. Arch Rheumatol. 2021; 36(2): 167-175,
doi: 10.46497/ArchRheumatol.2021.8259, indexed in Pubmed: 34527920.

Yakut H, Yalcinkaya G, Ozyurek S, et al. Fatigue and its relationship with disease-related
factors in patients with systemic sclerosis: A cross-sectional study. Turk ] Med Sci. 2021;
51(2): 530-539, doi: 10.3906/sag-2005-314, indexed in Pubmed: 32927933.

Lima TR, Guimaraes FS, Neves RS, et al. Scleroderma: Assessment of posture, balance and
pulmonary function in a cross-sectional controlled study. Clin Biomech (Bristol, Avon). 2015;
30(5): 438-443, doi: 10.1016/j.clinbiomech.2015.03.013, indexed in Pubmed: 25804523.

Park HJ, Ko S, Hong HMi, et al. Factors related to standing balance in patients with knee
osteoarthritis. Ann Rehabil Med. 2013; 37(3): 373-378, doi: 10.5535/arm.2013.37.3.373,
indexed in Pubmed: 23869335.

Hinman RS, Bennell KL, Metcalf BR, et al. Balance impairments in individuals with
symptomatic knee osteoarthritis: a comparison with matched controls using clinical tests.
Rheumatology (Oxford). 2002; 41(12): 1388-1394, doi: 10.1093/rheumatology/41.12.1388,
indexed in Pubmed: 12468818.

Kim HS, Yun DH, Yoo SD, et al. Balance control and knee osteoarthritis severity. Ann Rehabil
Med. 2011; 35(5): 701-709, doi: 10.5535/arm.2011.35.5.701, indexed in
Pubmed: 22506194.

Tjon SS, Geurts AC, van't Pad Bosch P, et al. Postural control in rheumatoid arthritis patients
scheduled for total knee arthroplasty. Arch Phys Med Rehabil. 2000; 81(11): 1489-1493,
doi: 10.1053/apmr.2000.9627, indexed in Pubmed: 11083353.

Ikuta Y, Nakasa T, Fujishita H, et al. An association between excessive valgus hindfoot
alignment and postural stability during single-leg standing in adolescent athletes. BMC
Sports Sci Med Rehabil. 2022; 14(1): 64, doi: 10.1186/s13102-022-00457-7, indexed in
Pubmed: 35410244.

Kowalik T, Srokowska A, Lewandowski A, et al. The influence of the sense of sight for a
sense of general balance. ] Edu Health Sport. 2015; 5(11): 720-726.

Table I. Parameters measured during the test performed on the stabilometric platform

Parameter Unit

Sway path — the path legth, i.e. the total distance travelled by the
patient's CoP of the feet over the course of testing in 2D axes and in | Millimetre
the AP plane and ML plane

Mean amplitude of CoP from point 0, in 2D axes, AP plane and ML

plane

Millimetre

10


https://www.ncbi.nlm.nih.gov/pubmed/35410244
http://dx.doi.org/10.1186/s13102-022-00457-7
https://www.ncbi.nlm.nih.gov/pubmed/11083353
http://dx.doi.org/10.1053/apmr.2000.9627
https://www.ncbi.nlm.nih.gov/pubmed/22506194
http://dx.doi.org/10.5535/arm.2011.35.5.701
https://www.ncbi.nlm.nih.gov/pubmed/12468818
http://dx.doi.org/10.1093/rheumatology/41.12.1388
https://www.ncbi.nlm.nih.gov/pubmed/23869335
http://dx.doi.org/10.5535/arm.2013.37.3.373
https://www.ncbi.nlm.nih.gov/pubmed/25804523
http://dx.doi.org/10.1016/j.clinbiomech.2015.03.013
https://www.ncbi.nlm.nih.gov/pubmed/32927933
http://dx.doi.org/10.3906/sag-2005-314
https://www.ncbi.nlm.nih.gov/pubmed/34527920
http://dx.doi.org/10.46497/ArchRheumatol.2021.8259
https://www.ncbi.nlm.nih.gov/pubmed/25298260
http://dx.doi.org/10.1007/5584_2014_29
https://www.ncbi.nlm.nih.gov/pubmed/24092682
http://dx.doi.org/10.1136/annrheumdis-2013-204424

Maximum amplitude of CoP from point 0, in the AP plane and ML

Millimetre
plane

Mean velocity at which the CoP moved during testing, in 2D axes and | Millimetre/secon

in the AP plane and ML plane d

Sway area covered by the path diagram Millimetre?
Ratio of the sway path to its sway area 1/millimetre
Mean frequency Hertz

Percentage of time spent by the CoP within a circle of radius R = 5
mm

Number of amplitudes of the CoP in the AP plane and ML plane —

Romberg's test — the ratio of the parameters obtained in tests performed with eyes open to
parameter values obtained in tests performed with eyes closed

1. Sway path — the total distance travelled by the CoP —

2. Sway area covered by the path diagram —

CoP — centre of pressure of the patient's feet; AP — anteroposterior; ML — mediolateral
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Figure 1. Comparison of body balance values and sway path in three measurement planes
across all study groups. AS — ankylosing spondylitis; RA — rheumatoid arthritis; SSc —

systemic sclerosis
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Figure 2. Comparison of the values of the mean amplitude of CoP from point O in three

measurement planes and the maximum amplitude in the AP and ML planes across all study

groups. AS — ankylosing spondylitis; RA — rheumatoid arthritis; SSc — systemic sclerosis
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Figure 3. Comparison of the values of the mean velocity at which the CoP of the feet moved
during testing in three measurement planes across all study groups. AS — ankylosing

spondylitis; RA — rheumatoid arthritis; SSc — systemic sclerosis
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Figure 4. Comparison of the size of the sway area outlined by the point of application of foot

pressure on the ground, the sway path in relation to sway area, mean frequency of CoP and

the percentage of time spent by the CoP within a circle of radius R =5 across all study groups.

AS — ankylosing spondylitis; RA — rheumatoid arthritis; SSc — systemic sclerosis
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Figure 5. Comparison of the number of amplitudes of the CoP in the AP and ML planes

across all study groups. AS — ankylosing spondylitis; RA — rheumatoid arthritis; SSc —

systemic sclerosis

Appendix

Table S1. Outcomes of descriptive statistics and

of group and eye opening/closing on the results of

Oczy otwarte vs. zamknigte p < 0,05 - Open vs. closed eyes p < 0.05

Pionowe stupki oznaczaja 95% przedziaty ufnosci - Vertical bars indicate 95% CI

Oczy otwarte - Open eyes

Oczy zamkniete - Closed eyes

775K - AS

RZS - RA

TU - SSc

Liczba wychylen CoP - Number of amplitudes of the CoP

% czasu przebywania CoP w okregu r = 5 mm - Percentage of time spent by the CoP within
acircle of radius R=5 mm

Dtugosc statokinezjogramu do wielkosci pola powierzchni - Sway path compared to size of
sway area

Srednia czestotliwos$¢ - Mean frequency

7

tests performed on the stability platform

AS RA SSc ANOVA
(0) C (0) C (0) C Pgroup Pov Pinteraction
C
Body balance 1.07 |1.08 |[099 |1.01 |1.03 | 1.07
+ + + + + + 0.077 | 0.51 | 0.93
R/L 036 [0.26 ]0.22 |0.29 [0.19 |0.22
Sway path outlined by the CoP [mm]

14




208.5 | 285.7 | 218.2 | 317.1 | 204.1 | 2634 | _ <
In 2D axes + + + + + + 0.05 0.00 | 0.39
63.1 |120.9 | 71.2 |151.5 |71.6 | 1339 | - 1
I the AP | 1522 i28.5 166.9 361.4 152.1 311.7 - ;00 o
plane 54 11092 | 675 | 1446 | 645 | 1212 |90 |1
In  the ML |110.0 | 1255 | 105.8 | 127.0 | 103.9 | 115.0 <
+ + + + + + 0.29 | 0.00 | 0.60
plane 341 |51.6 |28.7 |51.2 |28.6 |445 1
Mean amplitude of CoP from point 0 [mm]
365 | 411 |354 |434 |3.08 |320 |_
In 2D axes + + + + + + 0.01 0.21 | 0.56
141 |262 |1.49 |3.04 |1.07 |1.50 :
I the AP 3.07 3.37 i.86 J3r.52 3.37 3.73 < - tou
plane 136 |1.69 |1.13 |250 |1.03 |136 |0001]0.05
In the ML | 144 |1.70 [151 |1.76 |1.48 |1.21
+ + + + + + 0.80 | 0.60 | 0.134
plane 084 [197 |124 |185 |0.74 |0.63
Maximum
amplitude in |94 +|120 |100 |128 |88 +|10.7 |< ;00 0.96
the AP plane | 37 +63 | +4.1 |+7.4 |62 +5.7 | 0.001 1' :
[mm]
Maximum
amplitude in
p 50 +|57 +|50 +|62 +|54 +|50 + 088 | o6s |o.30
[mm]
Mean velocity [mm/s] at which the CoP moved during testing
<
69 +[95 +|73 +|106 |68 +|88 +|<
In 2D axes 21 |40 |24 |+51 |24 |45 |o0.05 (1"00 0.39
In the AP|57 +|76 (56 +|87 +|51 +|71 +]|< ;00 0.46
plane 1.8 3.6 2.2 4.8 2.1 4.0 0.05 1' :
In the ML <
3.7 +42 +|35 +[42 +|35 +[3.8 + 029 |0.00 | 058
plane 1.1 1.7 1.0 1.7 1.0 1.5 1
Sway area
outlined by the
point of | 1788 |359.3 | 235.3 406 « | 2001 | 2549 | <
application of | £ + + 4812_ + + 0.05 0.00 | 0.41
144.1 | 422.7 | 158.3 “1143.3 | 203.2 | 1

foot pressure
on the ground

[mm?’]
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Sway path
compared to | 109 |11l | 116 |1.16 [1.22 | 133 | _
, + + + + + + 005 | 044 | 064
size of sway | 041 |044 |047 |054 |045 |0.58 :
area [mm™]
Mean 034 | 043 |037 |044 |038 |048 <
frequency of | + + + + + + 0.15 | 0.00 | 0.92
CoP [Hz] 0.13 |020 |0.15 |0.18 |0.15 |0.19 1
Percentage of
time spent by
the CoP within | 756 | 72.7 |769 |71.4 |849 |817 |_
_ + + + + + + 0.001 | 0-09 | 0.87

a circle of|201 |244 |[198 |256 |138 |176 |
radius R = 5
mm
Number of amplitudes of the CoP
In the AP|161 130 1050 |44 [183 [8L7 |, <

+ 268 | £98 |s94 | * + 005 | 0-00 | 0.40
plane 105 | % [ T0C 1 e 176 | |1
In the ML 15.0 N <

SO le |1 20 1Y Joos 000 | <0.05
plane - Y. 10.3 L 0. x J. . T /. 1

P o c — significance level for the effect of eye Opening/Closing

Interaction — interaction between the group and the open-eye test/closed-eye test
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