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Abstract 

Background: Postural control is associated with fall risk. Patients with rheumatoid arthritis (RA) have a higher risk to 
fall than healthy subjects. The objective of this study was to identify associations between variables of postural control 
with prospective falls in patients with RA.

Methods: For the baseline, the balance performance of 289 men and women with RA, ages 24–85 years, was evalu-
ated by SPPB, FICSIT-4 and Romberg tests. Postural sway for Romberg, semitandem, tandem and one-leg stands were 
measured with the Leonardo Mechanograph®. Self-reported disability was assessed using the Health Assessment 
Questionnaire (HAQ) and the Activity-specific Balance Confidence Scale (ABC-scale). Falls were reported in quarterly 
reports over a year. Univariate and multiple logistic regression analysis were used to explore any associations with fall-
ing. Receiver-operating characteristics were determined, and the area under the curve is reported.

Results: A total of 238 subjects completed the 1-year follow-up, 48 (20.2%) experienced at least one fall during 
the observational period. Age (OR = 1.04, CI 1.01–1.07), HAQ (OR = 1.62, 1.1–2.38), FICSIT-4 scoring 0–4 (OR = 2.38, 
1.13–5.0), and one-leg standing (OR = 2.14, 1.06–4.31) showed significant associations with falls. With regard to the 
SPPB and ABC-scale, no statistically significant associations with falls were found. The quartiles containing the worst 
results of medio-lateral sway of Romberg (OR = 2.63, CI 1.03–6.69), total sway of semitandem (OR = 3.07, CI 1.10–8.57) 
and tandem (OR = 2.86, CI 1.06–7.69), and area of sway of semitandem (OR = 2.80, CI 1.11–7.08) stands were associ-
ated with falls.

Conclusions: The assessment of a one-leg stand seems to be a good screening tool to discriminate between high 
and low risk of falls in RA patients in clinical practice. A low FICSIT-4 score and several sway parameters are important 
predictors of falls.

Trial registration: The study has been registered at the German Clinical Trials Register and the WHO International 
Clinical Trials Registry Platform (ICTRP) since 16 March 2017 (DRKS0 00118 73).
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Key points

• The use of the one-leg stand as a screening tool 
allows a more precise discrimination between high 
and low risk of fall than SPPB in patients with RA.

• A low FICSIT-4 score identifies RA patients at high 
risk of falling.
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• The medio-lateral sway of the Romberg and semitan-
dem, the area of sway in semitandem, as well as the 
total path length and velocity of sway in semitandem 
and tandem stands can be used to predict falls.

• The utilisation of FICSIT-4 is superior to Romberg 
tests in research projects due to a sum score that 
compensates for missing values.

• The training of medio-lateral and anterior–posterior 
balance strategies should be the focus of fall preven-
tion strategies and the therapy of fallers.

Background
Balance is a multidimensional muscle function domain 
that is fundamentally related to preserving independ-
ence and mobility, and is one of the most important 
indicators for predicting falls [1, 2]. Postural control is 
defined as the ability to achieve or restore a state of bal-
ance during any posture or activity with a minimum of 
postural sway [3]. Poor postural control is related to an 
increased postural sway, resulting in a higher fall risk in 
healthy populations [2, 4, 5].

Patients with rheumatoid arthritis (RA) are at a higher 
risk of falling than healthy people [6, 7]. Known risk fac-
tors in patients with RA are a long duration of disease, 
high disease activity, medication and foot deformities 
[8–10]. Reduced postural control in patients with RA 
can be driven by structural changes such as painful, 
swollen or deformed joints, as well as a generale decline 
of muscle function [9]. Additionally, chronic inflamma-
tory processes and the side effects of medication can 
reduce sensory input and neuromuscular responses, 
leading to reduced balance and increased risk of falls 
[11, 12]. The incidence of falls in populations with RA 
ranges from 36 to 50% in prospective studies [7, 12–14], 
compared to healthy older samples where it ranges 
between 6 and 34% [10, 15].

One of the most commonly used performance meas-
ures to screen for fall risk is the Short Physical Perfor-
mance Battery (SPPB). The SPPB evaluates the results of 
a balance assessment (Romberg, Semitandem, Tandem), 
the gait speed and chair rise test with the highest score 
indicating high functional performance [16]. The instru-
ment is considered reliable and valid in predicting falls 
[17, 18]. Another performance measure is the FICSIT-4 
(Frailty and Injuries: Cooperative Studies of Intervention 
Technique-4), which is used to assess a Romberg, sem-
itandem and tandem stance and, in contrast to the SPPB, 
additionally a one-leg stance [19]. To the  best of the 
authors knowledge, in no prior studies has the FICSIT-4 
been investigated with regard to the evaluation of fall risk 
in rheumatoid patients. The one-leg standing assessment 
is considered a predictor of falls [20]. Yet it is often not 

recommended, as it is too demanding for many patient 
populations [21]. However, integrating the one-leg stance 
into a balance assessment of patients with RA leads to 
the generation of valuable information on the individual’s 
balance ability [7].

Postural sway measurements are usually obtained in 
standing or dynamic conditions with the subjects eyes 
opened or closed. Posturography uses force plates to 
measure and software to analyse the displacement of 
the body’s centre of pressure (CoP). The output consists 
of several sway parameters describing the three-dimen-
sional extent of postural sway, thus the individual pos-
tural control and balance mechanisms [22, 23]. In the 
literature it has been reported that individuals with a his-
tory of falls and RA have higher postural sway, and sway 
parameters can be used to differentiate between fallers 
and non-fallers in this population [11]. However, there 
are a limited number of studies in which postural sway 
and prospective falls in rheumatoid patients was inves-
tigated [12]. Therefore, the purpose of this study was to 
analyse the associations between clinical characteristics, 
balance performance, and postural sway parameters 
measured on a force platform and prospective falls in a 
sample of persons with RA.

Methods
Study design and sample
This prospective, observational study was conducted 
at the Centre for Muscle and Bone Research, and the 
Department of Rheumatology and Clinical Immunology 
at the Charité – Universitätsmedizin Berlin. Inclusion 
criteria included age ≥ 18  years, a confirmed diagnosis 
of rheumatoid arthritis according to the 2010 classifica-
tion criteria of the American College of Rheumatology 
[24], the ability to walk with or without a walking aid, and 
written informed consent for participation in the study. 
Individuals were excluded if they had (1) an injury affect-
ing muscle function in the last 3 months, (2) an acute ill-
ness or exacerbation of a chronic disease affecting muscle 
function, (3) an existing pregnancy, or (4) further con-
traindications according to §28d of the German X-ray 
Regulation (“Röntgenverordnung”), i.e., a dose of more 
than 10 millisieverts in the past ten years [10, 25]. The 
ethical committee of the Charité – Universitätsmedizin 
Berlin approved the protocol (EA4/155/16), as well as the 
German Radiation Protection Office (Z 5–2246/2–2016–
145). The study has been registered at the German Clini-
cal Trials Register (DRKS) and the WHO International 
Clinical Trials Registry Platform (ICTRP) since 16 March 
2017 (DRKS00011873).

As this analysis was linked to a cross-sectional study 
investigating the prevalence of sarcopenia in RA (Sar-
koRA), the sample size calculation was based on the 
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assumption of a prevalence of 25% in RA patients with 
a two-sided 95% confidence interval. A sample size of 
n = 289 was calculated based on the sample size estima-
tion software nQuery + nTerim 3.0.

Patient and public involvement
In order to address the patient’s perspective throughout 
the research process, as recommended by the European 
League Against Rheumatism (EULAR) [26], two patient 
representatives were involved in the development of the 
research questions and the study design, the interpre-
tation of the results and the dissemination among their 
peers.

Measurements
Clinical characteristics
For the baseline, clinical characteristics such as age, sex, 
height and weight (Seca 764), body mass index (BMI), RA 
disease duration, C-reactive protein (CRP) and the Dis-
ease Activity Score  (DAS28CRP) [27] were collected.

Performance tests and questionnaires
Patients were evaluated with the Short Physical Perfor-
mance Battery (SPPB), the FICSIT-4 including the Romb-
erg test, the Health Assessment Questionnaire (HAQ) 
and the Activity-specific Balance Confidence Scale 
(ABC-scale) for the baseline. The SPPB score was com-
posed of the results of a 4-m gait speed test, the chair rise 
test (CRT), and the Romberg test, for which the subjects 
received 0–4 points for each of the tests, for a maximum 
score of 12, in accordance with Guralnik et al. [16]. The 
validity and reliability of the SPPB for predicting falls has 
been demonstrated in several studies [17, 18, 28].

In the FICSIT-4 assessment the standing balance of the 
Romberg, semitandem, tandem and one-leg stances are 
evaluated by using a composite score. The instrument has 
a good reliability and validity [19]. The sum of the scores 
has a maximum of 5 and reflects a participants ability to 
hold the position for at least 10 s or not. As a continuous 
variable it gives a summary performance score (range, 
0–5) with higher scores indicating a better standing bal-
ance. For the study, a dichotomous variable “FICSIT-4_
dicho” was integrated in the analysis in order to reflect 
poor balance (0–4 points) and good balance (5 points, 
reference group).

The ABC-scale is used to evaluate the self-reported bal-
ancing confidence [29]. The respondents were required 
to rate their self-confidence with regard to 16 more or 
less challenging tasks of daily life. The value is expressed 
as a percentage, with 100% representing the highest pos-
sible level of confidence. The instrument can show high 
associations with fear of falling [30] and falls [31–33].

The assessment of disability was determined by the 
HAQ [34], which is used to evaluate 8 dimensions of 
daily life activities with items rated from 0 (no impair-
ments) to 3 (severely disabled).

Posturography
For the assessment of postural sway the participants had 
to perform the Romberg test with a Romberg, semitan-
dem, tandem and a left- and right-sided one-leg stance 
with their eyes open on the Leonardo Mechanograph® 
Ground Reaction Force Plate (Novotec Medical GmbH, 
Pforzheim, Germany, software package 4.4) in accord-
ance with the standard procedures as recommended by 
the International Society of Posture and Gait Research 
[35]. For all measurements, a recording frequency of 
800  Hz was used. The CoP data were filtered using a 
low-pass FIR filter with 30 sampling points and a cut-off 
frequency of 8 Hz. During the assessment, subjects were 
allowed to wear their own flat shoes and clothing.

Participants were instructed to hold the four positions 
of the Romberg test for 10 s as measured by a stopwatch. 
In the cases that a subject refused, failed or held a posi-
tion for less than 10 s, the time was noted in seconds and 
no further position with a higher degree of difficulty was 
tried. The one-leg stand was explored for both legs.

 During the assessement, the Leonardo software 
recorded the movement of the centre of pressure (CoP), 
which describes the postural sway. Relevant outcome 
parameters were included in the analysis, such as path 
length (PLen), area of sway (StdElA), mean velocity of 
CoP (VmeanCoP), and path length and velocity in the 
anterior–posterior (PLenY, VmeanY) and medio-lateral 
(PLenX, VmeanX) directions (Table 1) [36].

Furthermore, the analysis contains dichotomous vari-
ables, which are related to whether the standing positions 
Romberg, semitandem, tandem and one-leg stand could 
be held for 10 s or not, e.g. “Romberg_Balance failed”.

Fall assessment
After the baseline assessment, all participants were asked 
to complete a fall diary over a period of one year. They 
began fall monitoring within the same month if the base-
line assessment was conducted before the  15th and in 
the following month if it was conducted after the  15th. 
Every 3 months they had to report and specify their falls 
in a standardised protocol. If the subject experienced 
a fall, further questions about the fall situation had to 
be answered. The subjects had to describe in their own 
words the cause of the fall and any conditions that might 
have led to the fall. If there were any uncertainties regard-
ing the documentation, the participants were contacted 
via telephone by the study centre. Falls were defined, in 
accordance with the consensus statement of the ProFaNE 
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group, as ‘‘an unexpected event in which the participants 
come to rest on the ground, floor, or lower level’’ [37]. 
Falls due to syncope or accidents were excluded. Patients 
were divided into a falls group (one or more falls) and 
a non-faller group (no fall), in accordance with their 
reports during the one-year follow-up.

Statistical analysis
The descriptive data are presented as mean and stand-
ard deviation (SD) for continuous and normally distrib-
uted variables, and median and interquartile ranges for 
skewed variables. Categorical variables are reported in 
frequencies and percentages. The group of non-fallers 
and fallers were compared with t-tests for independent 
samples, Mann–Whitney-U-tests or  Chi2 tests.

Postural sway variables were stratified into quartiles 
in order to integrate the missing data of failed balance 
assessments. Quartile 1 (Q1) included the subjects with 
the best results and was defined as the reference. Quartile 
4 (Q4) contained the persons with the worst results and 
those who failed the assessment.

In the first analysis step, univariate logistic regression 
was performed followed by a multiple logistic regression 
with an adjustment for age and sex in order to explore 
associations between variables of balance and perfor-
mance with regard to falling. The results for this are 
presented along with the odds ratio (OR), the 95% con-
fidence interval (CI) and the p-value (2-sided). For the 
CoP variables, the logistic regression model was used to 
estimate the OR for falling in each quartile (Q2-Q4) com-
pared to the best quartile (Q1).

Receiver-operating characteristics (ROC) were ana-
lysed to determine the quality of the prediction and the 
area under the curve (AUC) along with the associated 

95% CI and p-value also reported. The ROC analyses 
did not provide specific cut-off values; therefore, these 
results are not shown.

Results
Characteristics of baseline assessment
Two hundred thirty-eight subjects between 24 and 
85  years of age completed the one-year follow-up 
(82.3%). The mean age was 60.2 ± 11.6  years. The 
majority of the sample consisted of females (n = 187, 
78.6%). There were 48 (20.2%) persons who reported a 
fall episode in the observation period, of which 83.3% 
were female. In Table  2 and 3 the clinical and perfor-
mance characteristics are presented of the responder 
sample for the baseline. A flowchart of the study and a 
responder-analysis are reported elsewhere [10].

Patients who experienced falls were significantly older 
(p = 0.016) and more limited in their activities of daily life 
(HAQ score, p = 0.001) (Tables 2; 3). Balance assessment 
with the FICSIT-4, revealed that patients with falls had 
a significant greater range in the FICSIT-4 score (IQR 
4.0–5.0; p = 0.03) and a significantly higher proportion 
of fallers (29.2%) were poor performers, scoring 0–4 in 
FICSIT-4 (FICSIT-4_dicho, p = 0.019). The failure rate 
of performing one-leg stances was significantly higher in 
the falls group  (pleft = 0.031). Fallers demonstrated lower 
balance confidence (ABC-scale), but this was not signifi-
cant (p = 0.321) (Table 3).

In Table  4 the quartiles are shown along with the 
number of subjects and percentages by follow-up fall 
status for each test position and sway parameter of the 
balance assessment on the Leonardo Mechanograph®. 
In general, the percentages of subjects who failed the 
assessment or achieved the worst results (Q4) were 

Table 1 Abbreviations and descriptions of the CoP parameters

Abbreviation Variable Description

Path-related CoP parameters
 PLen Path length of CoP Total path length of the CoP during the measurement, in mm

 PLenX Medio-lateral compo-
nent of the path 
length of CoP

Total path length of the CoP in medio-lateral direction, in mm

 PLenY Anterior–posterior 
component of the 
path length of CoP

Total path length of the CoP in anterior–posterior direction, in mm

Area-related CoP parameters
 StdElA Area of sway Standard ellipse area including 90% of all CoP points during the measurement, in  cm2

Speed-related CoP parameters
 VmeanCoP Mean velocity of CoP Mean speed of the movement of the CoP over the time of the test path length/ duration, in 

cm/s

 VmeanX Mean velocity of ML Average speed of CoP movement in medio-lateral direction, in mm/s

 VmeanY Mean velocity of AP Average speed of CoP movement in anterior–posterior direction, in mm/s
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higher in the falls group than in the non-faller group. 
Significant differences between fallers and non-fallers 
could be found in the sway parameters of the Romb-
erg, semitandem and tandem stance. For Romberg, 
the path length and the velocity of CoP both in the 
medio-lateral direction showed a significant difference 
between the two groups (p = 0.039). For the semitan-
dem stance, the path length and the velocity of CoP 
in the medio-lateral direction (p = 0.019 and 0.020, 

respectively), the area of sway (p = 0.029), the path 
length in total and the speed of the movement of the 
CoP over time (p = 0.039) were also significantly dif-
ferent between the groups. For the tandem stance, the 
path length in total and the speed of the movement of 
the CoP over time (both p = 0.034) as well as the path 
length and the velocity of CoP in the anterior–poste-
rior direction (both p = 0.015) showed once again sig-
nificant differences between the groups (Table 4).

Table 2 Clinical characteristics of the responder sample at baseline

1 p-value of unpaired t-test or Mann–Whitney-U-Test or  Chi2-test, bold values significant difference between fallers and non-fallers
a Data are presented as median (interquartile range)

Variables Responder n = 238

Non-Fallers Fallers

n mean (± SD) n mean (± SD) p-value1

Clinical characteristics
 Age 190 59.2 (± 11.9) 48 63.7 (± 9.5) 0.016
  Females 147 58.4 (± 11.9) 40 63.6 (± 9.9) 0.013
 Females, n, (%) 190 147 (77.4) 48 40 (83.3) 0.368

 Height (m) 190 1.67 (± 0.08) 48 1.64 (± 0.07) 0.017
 Weight (kg) 190 77.3 (± 14.0) 48 73.1 (± 12.0) 0.059

 BMI (kg/m2) 190 27.1 (± 4.5) 48 26.5 (± 4.0) 0.401

 RA disease duration (y)a 190 9.0 (4.0–16.0) 48 11.0 (5.0–19.7) 0.33

  DAS28CRP (score)a 189 2.07 (1.62–2.85) 45 2.33 (1.69–3.25) 0.161

  Low disease activity ≤ 3.2, n, (%) 154 (81.1) 33 (66.8) 0.229

 Moderate disease activity 3.2 ≤ 5.1, n, (%) 34 (17.9) 12 (25.0)

  High disease activity > 5.1, n, (%) 1 (0.5) 0

Table 3 Balance and performance characteristics of the baseline assessment of the responder sample

1 p-value of unpaired t-test or Mann–Whitney-U-Test or  Chi2-test, bold values significant difference between fallers and non-fallers
a Data are presented as median (interquartile range)

Variables Responder n = 238

Non-Fallers Fallers

n mean (± SD) n mean (± SD) p-value1

Balance and performance assessments
 HAQ (score)a 190 0.37 (0.0–1.12) 48 0.81 (0.41–1.5) 0.001
 ABC-scale (%)a 190 91.12 (75.47–97.31) 48 88.75 (76.56–95.70) 0.32

 SPPB (score)a 190 11.0 (11.0–12.0) 48 11.0 (10.0–12.0) 0.645

 FICSIT-4 (score)a 190 5.0 (0.0) 48 5.0 (4.0–5.0) 0.030
 FICSIT-4_dicho (0–4), n, (%) 190 28 (14.7) 48 14 (29.2) 0.019
 Romberg_Balance failed, n, (%) 190 0 48 0

 Semitandem_Balance failed, n, (%) 190 0 48 0

 Tandem_Balance failed, n, (%) 190 18 (9.5) 48 5 (10.4) 0.843

 One leg left_Balance failed, n, (%) 190 36 (18.9) 48 16 (33.3) 0.031
 One leg right_Balance failed, n, (%) 190 54 (28.4) 48 20 (41.7) 0.076
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Table 4 Baseline balance assessment on the Leonardo Mechanograph® for follow-up fallers and non-fallers, n = 238

Non-Fallers Fallers

Test position Variables Quartile range n % n % p-value*

Romberg PLen [in mm]  ≤ 134.81 Q1 (best) 50 26.3 10 20.8 0.364

134.82—168.14 Q2 (good) 46 24.2 13 27.1

168.15—212.81 Q3 (fair) 49 25.8 10 20.8

 ≥ 212.82 Q4 (poor, failed) 44 23.2 15 31.3

PLenX [in mm]  ≤ 84.02 Q1 (best) 52 27.4 8 16.7 0.039
84.03—108.87 Q2 (good) 48 25.3 11 22.9

108.29—139.72 Q3 (fair) 47 24.7 12 25.0

 ≥ 139.73 Q4 (poor, failed) 42 22.1 17 35.4

PLenY [in mm]  ≤ 78.58 Q1 (best) 46 24.2 14 29.2 0.853

78.59—101.10 Q2 (good) 49 25.8 10 20.8

101.11—130.33 Q3 (fair) 50 26.3 9 18.8

 ≥ 130.34 Q4 (poor, failed) 44 23.2 15 31.3

StdElA [in  cm2]  ≤ 1.07 Q1 (best) 46 24.2 14 29.2 0.637

1.08—1.69 Q2 (good) 49 25.8 10 20.8

1.70—2.61 Q3 (fair) 52 27.4 7 14.6

 ≥ 2.62 Q4 (poor, failed) 42 22.1 17 35.4

VmeanCoP [in cm/s]  ≤ 1.35 Q1 (best) 50 26.3 10 20.8 0.364

1.36—1.68 Q2 (good) 46 24.2 13 27.1

1.69—2.13 Q3 (fair) 49 25.8 10 20.8

 ≥ 2.14 Q4 (poor, failed) 44 23.2 15 31.3

VmeanX [in mm/s]  ≤ 8.40 Q1 (best) 52 27.4 8 16.7 0.039
8.41—10.89 Q2 (good) 48 25.3 11 22.9

10.90—13.97 Q3 (fair) 47 24.7 12 25.0

 ≥ 13.98 Q4 (poor, failed) 42 22.1 17 35.4

VmeanY [in mm/s]  ≤ 7.86 Q1 (best) 46 24.2 14 29.2 0.853

7.87—10.11 Q2 (good) 49 25.8 10 20.8

10.12—13.03 Q3 (fair) 50 26.3 9 18.8

 ≥ 13.04 Q4 (poor, failed) 44 23.2 15 31.3
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Table 4 (continued)

Non-Fallers Fallers

Test position Variables Quartile range n % n % p-value*

Semitandem PLen [in mm]  ≤ 161,93 Q1 (best) 54 28.4 6 12.5 0.039

161.94—213.16 Q2 (good) 46 24.2 13 27.1

213.17—270.09 Q3 (fair) 45 23.7 14 29.2

 ≥ 270.10 Q4 (poor, failed) 44 23.2 15 31.3

PLenX [in mm]  ≤ 108.11 Q1 (best) 53 27.9 7 14.6 0.019

108.12—141.45 Q2 (good) 50 26.3 9 18.8

141.46—184.19 Q3 (fair) 42 22.1 17 35.4

 ≥ 184.2 Q4 (poor, failed) 44 23.2 15 31.3

PLenY [in mm]  ≤ 99.88 Q1 (best) 51 26.8 9 18.8 0.138

99.89—123.97 Q2 (good) 46 24.2 13 27.1

123.98—175.59 Q3 (fair) 50 26.3 9 18.8

 ≥ 175.6 Q4 (poor, failed) 42 22.1 17 35.4

StdElA [in  cm2]  ≤ 1.31 Q1 (best) 51 26.8 8 16.7 0.029

1.32—1.93 Q2 (good) 49 25.8 11 22.9

1.94—2.90 Q3 (fair) 48 25.3 11 22.9

 ≥ 2.91 Q4 (poor, failed) 41 21.6 18 37.5

VmeanCoP [in cm/s]  ≤ 1.62 Q1 (best) 54 28.4 6 12.5 0.039

1.63—2.13 Q2 (good) 46 24.2 13 27.1

2.14—2.70 Q3 (fair) 45 23.7 14 29.2

 ≥ 2.71 Q4 (poor, failed) 44 23.2 15 31.3

VmeanX [in mm/s]  ≤ 10.81 Q1 (best) 52 27.4 7 14.6 0.020

10.82—14.15 Q2 (good) 51 26.8 9 18.8

14.16—18.42 Q3 (fair) 42 22.1 17 35.4

 ≥ 18.43 Q4 (poor, failed) 44 23.2 15 31.3

VmeanY [in mm/s]  ≤ 9.99 Q1 (best) 50 26.3 9 18.8 0.145

10.00—12.40 Q2 (good) 47 24.7 13 27.1

12.41—17.56 Q3 (fair) 50 26.3 9 18.8

 ≥ 17.57 Q4 (poor, failed) 42 22.1 17 35.4
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Table 4 (continued)

Non-Fallers Fallers

Test position Variables Quartile range n % n % p-value*

Tandem PLen [in mm]  ≤ 330.31 Q1 (best) 48 25.3 6 12.5 0.034

330.32—422.31 Q2 (good) 43 22.6 10 20.8

422.32—583.23 Q3 (fair) 42 22.1 12 25.0

 ≥ 583.24 Q4 (poor, failed) 56 29.5 20 41.7

PLenX [in mm]  ≤ 227.95 Q1 (best) 47 24.7 7 14.6 0.095

227.96—293.50 Q2 (good) 44 23.2 9 18.8

293.51—391.22 Q3 (fair) 40 21.1 14 29.2

 ≥ 391.23 Q4 (poor, failed) 58 30.5 18 37.5

PLenY [in mm]  ≤ 187.51 Q1 (best) 46 24.2 8 16.7 0.015

187.52—256.19 Q2 (good) 47 24.7 6 12.5

256.20—363.06 Q3 (fair) 42 22.1 12 25.0

 ≥ 363.07 Q4 (poor, failed) 54 28.4 22 45.8

StdElA [in  cm2]  ≤ 1.95 Q1 (best) 46 24.2 8 16.7 0.252

1.96—3.13 Q2 (good) 42 22.1 11 22.9

3.14—4.73 Q3 (fair) 43 22.6 11 22.9

 ≥ 4.74 Q4 (poor, failed) 58 30.5 18 37.5

VmeanCoP [in cm/s]  ≤ 3.30 Q1 (best) 48 25.3 6 12.5 0.034

3.31—4.22 Q2 (good) 43 22.6 10 20.8

4.23—5.83 Q3 (fair) 42 22.1 12 25.0

 ≥ 5.84 Q4 (poor, failed) 56 29.5 20 41.7

VmeanX [in mm/s]  ≤ 22.80 Q1 (best) 47 24.7 7 14.6 0.095

22.81—29.35 Q2 (good) 44 23.2 9 18.8

29.36—39.12 Q3 (fair) 40 21.1 14 29.2

 ≥ 39.13 Q4 (poor, failed) 58 30.5 18 37.5

VmeanY [in mm/s]  ≤ 18.75 Q1 (best) 46 24.2 8 16.7 0.015

18.76—25.62 Q2 (good) 47 24.7 6 12.5

25.63—36.31 Q3 (fair) 42 22.1 12 25.0

 ≥ 36.32 Q4 (poor, failed) 54 28.4 22 45.8
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Table 4 (continued)

Non-Fallers Fallers

Test position Variables Quartile range n % n % p-value*

One leg left PLen [in mm]  ≤ 358.95 Q1 (best) 37 19.5 10 20.8 0.127

358.96—513.28 Q2 (good) 43 22.6 3 6.3

513.29—649.39 Q3 (fair) 36 18.9 10 20.8

 ≥ 649.4 Q4 (poor, failed) 73 38.4 25 52.1

PLenX [in mm]  ≤ 254.59 Q1 (best) 38 20.0 9 18.8 0.088

254.60—371.00 Q2 (good) 41 21.6 5 10.4

371.01—465.43 Q3 (fair) 38 20.0 8 16.7

 ≥ 465.44 Q4 (poor, failed) 72 37.9 26 54.2

PLenY [in mm]  ≤ 205.57 Q1 (best) 37 19.5 10 20.8 0.139

205.58—279.09 Q2 (good) 41 21.6 5 10.4

279.10—365.03 Q3 (fair) 39 20.5 7 14.6

 ≥ 365.04 Q4 (poor, failed) 72 37.9 26 54.2

StdElA [in  cm2]  ≤ 2.65 Q1 (best) 39 20.5 8 16.7 0.216

2.66—3.84 Q2 (good) 38 20.0 8 16.7

3.85—5.69 Q3 (fair) 38 20.0 8 16.7

 ≥ 5.7 Q4 (poor, failed) 74 38.9 24 50.0

VmeanCoP [in cm/s]  ≤ 3.59 Q1 (best) 37 19.5 10 20.8 0.127

3.60—5.13 Q2 (good) 43 22.6 3 6.3

5.14—6.49 Q3 (fair) 36 18.9 10 20.8

 ≥ 6.5 Q4 (poor, failed) 73 38.4 25 52.1

VmeanX [in mm/s]  ≤ 25.46 Q1 (best) 38 20.0 9 18.8 0.088

25.47—37.10 Q2 (good) 41 21.6 5 10.4

37.11—46.54 Q3 (fair) 38 20.0 8 16.7

 ≥ 46.55 Q4 (poor, failed) 72 37.9 26 54.2

VmeanY [in mm/s]  ≤ 20.56 Q1 (best) 37 19.5 10 20.8 0.139

20.57—27.91 Q2 (good) 41 21.6 5 10.4

27.92—36.50 Q3 (fair) 39 20.5 7 14.6

 ≥ 36.51 Q4 (poor, failed) 72 37.9 26 54.2
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Factors associated with prospective falls
Regarding clinical characteristics, a significant associa-
tion with prospective falls was found for age (OR = 1.04; 
CI 1.01–1.07, p = 0.017). There were no associations with 
fall risk found for sex, RA disease duration, and disease 
activity (Table 5).

In terms of balance and performance assessments, 
the univariate logistic regression analysis revealed sig-
nificant associations for HAQ score (OR = 1.62; CI 1.1–
2.38, p = 0.014), low FICSIT-4 score (0–4) (OR = 2.38; 

CI 1.13–5.0, p = 0.022) and failed one-leg stand 
 (ORleft = 2.14; CI 1.06–4.31, p = 0.034). The ABC-scale 
and SPPB remained non-significant.

The multiple logistic regression for FICSIT-4_dicho 
showed a higher and significant AUC (0.62; CI 0.54–0.71, 
p = 0.008), thus a better predictive quality for falls than 
the univariate regression. Similar results were obtained 
for the performance of one-leg stand. The probabil-
ity of falling increased significantly in the case that the 
subject had failed the test. The AUC of the adjusted 

Table 4 (continued)

Non-Fallers Fallers

Test position Variables Quartile range n % n % p-value*

One leg right PLen [in mm]  ≤ 379.57 Q1 (best) 35 18.4 6 12.5 0.142

379.58—489.95 Q2 (good) 33 17.4 8 16.7

489.96—651.19 Q3 (fair) 35 18.4 6 12.5

 ≥ 651.2 Q4 (poor, failed) 86 45.3 28 58.3

PLenX [in mm]  ≤ 264.69 Q1 (best) 36 18.9 5 10.4 0.094

264.70—358.00 Q2 (good) 33 17.4 8 16.7

358.01—466.27 Q3 (fair) 34 17.9 7 14.6

 ≥ 466.28 Q4 (poor, failed) 86 45.3 28 58.3

PLenY [in mm]  ≤ 214.87 Q1 (best) 33 17.4 8 16.7 0.336

214.88—268.04 Q2 (good) 34 17.9 7 14.6

268.05—371.17 Q3 (fair) 35 18.4 6 12.5

 ≥ 371.18 Q4 (poor, failed) 87 45.8 27 56.3

StdElA [in  cm2]  ≤ 2.59 Q1 (best) 32 16.8 9 18.8 0.145

2.60—3.79 Q2 (good) 37 19.5 4 8.3

3.80—6.19 Q3 (fair) 35 18.4 6 12.5

 ≥ 6.2 Q4 (poor, failed) 85 44.7 29 60.4

VmeanCoP [in cm/s]  ≤ 3.80 Q1 (best) 35 18.4 6 12.5 0.142

3.81—4.90 Q2 (good) 33 17.4 8 16.7

4.91—6.51 Q3 (fair) 35 18.4 6 12.5

 ≥ 6.52 Q4 (poor, failed) 86 45.3 28 58.3

VmeanX [in mm/s]  ≤ 26.47 Q1 (best) 36 18.9 5 10.4 0.094

26.48—35.80 Q2 (good) 33 17.4 8 16.7

35.81—46.63 Q3 (fair) 34 17.9 7 14.6

 ≥ 46.64 Q4 (poor, failed) 86 45.3 28 58.3

VmeanY [in mm/s]  ≤ 21.49 Q1 (best) 33 17.4 8 16.7 0.336

21.50—26.80 Q2 (good) 34 17.9 7 14.6

26.81—37.12 Q3 (fair) 35 18.4 6 12.5

 ≥ 37.13 Q4 (poor, failed) 87 45.8 27 56.3
* p-values of Mann–Whitney-U-Test: bold values sign. p-value with p < 0.05
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association was higher at 0.62 (CI 0.53–0.71, p = 0.010) 
and significant compared to the unadjusted association 
(AUC = 0.43; CI 0.33–0.52, p = 0.124) (Table 5).

In Table  6 the results are shown of the univariate 
and multiple logistic regression analysis of the pos-
tural sway parameters when using falls as a dependent 
variable. In general, subjects within the worst quartile 
(Q4) had increased odds of falls compared to subjects 
of the best quartile (Q1) and in most cases also higher 
odds than those of the other quartiles (Q2 and Q3). For 
the univariate logistic regression analysis, the highest 
and significant OR in Q4 could be found for Romb-
erg PLenX and VmeanX (OR = 2.63; CI 1.03–6,69, 
p = 0.042), semitandem PLen, VmeanCoP (OR = 3.07; 
CI 1.10–8.57, p = 0.032) and StdElA (OR = 2.80; CI 
1.11–7.08, p = 0.030) and tandem PLen and Vmean-
CoP (OR = 2.86; CI 1.06–7.69, p = 0.038). The AUCs of 
those unadjusted and significant models were between 
0.59 and 0.61 (Table 6).

For the adjusted models, Romberg StdElA was found 
to be the one with the highest AUC (0.67, CI 0.59–0.75, 
p < 0.001). Although most of the models were not statisti-
cally significant, all adjusted models showed higher and 
significant AUCs than the crude models (Table 6).

Discussion
Balance and postural control play a major role in main-
taining independence and mobility, and are considered 
strong predictors of falls [31], both in healthy subjects 
[2, 38] and in patients with RA [9, 12]. The results of 
this study indicate that higher age, higher score in HAQ, 
low FICSIT-4 score, and a failed one-leg stand are inde-
pendently associated with prospective falls. Moreover, 
the sway parameters medio-lateral sway of the Romberg 
and semitandem stances, the area of sway of the sem-
itandem stance, the total path length and velocity of 
sway of the semitandem and tandem stances could also 
be used to predict falls. A discussion of the associations 
of age and HAQ with falls have been reported elsewhere 
[10]. The following section focuses on the interpretation 
of the balance measures.

The physical performance measures FICSIT-4, SPPB 
and the Romberg test were used to assess standing bal-
ance. Group comparisons revealed significant differences 
between the falls group and the non-fallers for FICSIT-4 
and failed one-leg stand. Moreover, in the univariate 
logistic regression analysis, the poor FICSIT-4 score cat-
egory (0–4) and one-leg standing as a single test showed 
significant associations with falls, which was not the case 
for the SPPB. Gait speed and CRT as independent vari-
ables and components of the SPPB also showed no signif-
icant associations (shown elsewhere [10]). The remaining 
difference, in terms of balance assessment between 

FICSIT-4 and SPPB, was the performance of a one-leg 
stance in the FICSIT-4. Consequently, it can be assumed 
that the one-leg stand is the most discriminating factor 
between fallers and non-fallers. This result is in line with 
the systematic review by Brenton-Rule et  al. [7]. In the 
review they compared, among other things, the predic-
tive power of different balance tests on falls of patients 
with RA. Included were studies in which the balance with 
various tests was measured, such as the duration of one-
leg stance, the Romberg test, postural sway or compos-
ite scores, e.g. the Tinetti balance test. A significant risk 
was demonstrated to exist for the case reduced duration 
of one-leg stance and incomplete Romberg tests. In a 
meta-analysis of longitudinal cohort studies, it was inves-
tigated which measurements for predicting independ-
ence in activities of daily life (ADL) in persons older than 
65 years yielded the best results [39]. The study’s authors 
concluded that a reduced duration of a one-leg stand was 
associated with poorer results in the ADLs and thus, an 
increased risk of falling, which is in agreement with the 
results of the present study.

Posturography results of the present study showed a 
higher proportion of fallers in the worst quartile (Q4) of 
the postural sway variables compared to the reference 
quartile (Q1). Numerous sway variables of the Romberg, 
semitandem and tandem stance positions showed sig-
nificant group differences between fallers and non-fallers. 
The medio-lateral sway of both path length and velocity 
showed significant associations with falls in the Romb-
erg and semitandem stance. In a prospective study by 
Stel et  al. involving a sample of an older population the 
medio-lateral sway during normal standing (Romberg) 
was evaluated and it was found to be strongly associated 
with recurrent falls [40]. This finding was also reported 
for  a systematic review of Piirtola and Era [23]. Melzer 
et  al. [41] observed that medio-lateral sway of narrow 
stands of the semitandem or tandem stances can be used 
to discriminate between fallers and non-fallers. In a pre-
vious study by Wiegmann et al., it was also observed that 
with a higher degree of difficulty of the balance position 
and with reduced postural control, the medio-lateral 
sway increases [36]. Comparisons between healthy per-
sons and patients with rheumatic diseases have shown, 
that if patients have higher medio-lateral sway they have 
reduced postural control [42–44].

No associations were found for anterior–posterior sway 
in the logistic regressions. Only the unadjusted logistic 
regression model of anterior–posterior sway in the tan-
dem position showed a significant and high AUC, such 
that it can be probably used to discriminate between falls 
and no falls, but the ORs were not significant. There are 
studies in which it has been shown that there is higher 
anterior–posterior sway in patients with RA compared to 
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healthy subjects [43, 45, 46], but to the best of the authors 
knowledge there are no studies containing reports about 
its impact on fall risk in patients with RA. However, 
higher sway generally indicates less postural control. 
Thus, patients with RA have poorer balance control in 
medio-lateral as well as in anterior–posterior direction 
compared to healthy subjects [42–46].

The area of sway in semitandem, the total path length 
and velocity of sway in semitandem and tandem were 
associated with falls in the unadjusted models. The 
results of a study by Kawabata et al. [11] confirmed that 
the path length of semitandem and tandem can be used 
to discriminate between fallers and non-fallers. How-
ever, semitandem had an associated advantage due to 
the difficulty of the tandem position resulting in too 
many failures. Consequently, as Kawabata et  al. [11] 
highlighted, it is important to fit the most appropri-
ate assessment to the individual’s level of functioning. 
The results of their work indicated that the higher the 
degree of difficulty, the higher the proportion of sub-
jects who failed. For the assessment of sway param-
eters, where the position should be held for 10 s for an 
accurate measurement, the position should not be too 
difficult for the individual to perform accurately, but it 
must also be sufficiently challenging to reveal balance 
deficits. According to the data in this work, this appears 
to be the case for the semitandem and tandem position 
for patients with RA, with the semitandem being more 
robust due to the lower failure rate.

In terms of postural control and falls, there is conflict-
ing evidence on the role of disease activity and duration 
of disease. In some previous studies there has been found 
to be disease activity associated with increased risk of 
falls [9], whereas in others this was found not to be the 
case [12, 14, 33, 47]. Toprak et al. [48] analysed the sway 
velocity during a one-leg stance in a sample of patients 
with RA compared to healthy subjects. They found sig-
nificant correlations between sway velocity and disease 
activity, such as swollen joints and DAS28 [48]. In con-
trast, in a study by Ekdahl et al. it could not be confirmed 
that RA disease characteristics are relevant for explaining 
postural control [49]. According to Böhler et al., one pos-
sible reason could be that disease activity was measured 
at the baseline in this study rather than at the time of the 
fall or at the end of the follow-up period [50]. An analy-
sis of a sample group with high disease activity or a sub-
group of recurrent fallers might have produced different 
results [51].

However, a longer RA disease duration is associated 
with higher HAQ scores [52]. In the current study, fallers 
showed higher restrictions in ADLs and a reduced bal-
ance confidence. HAQ was shown to have a strong asso-
ciation with falls, which has been confirmed in previous 

prospective studies [9, 33]. The mean score of the ABC-
scale of both groups in the present work was > 80%, thus 
indicating a high level of balance confidence [29]. Fall 
history and fear of falling can affect balance confidence, 
self-reported physical activity and mobility in daily life 
and fall risk [7]. Previous falls for this study cohort were 
reported elsewhere [10], but there were no significant dif-
ferences observed between falls group and non-fallers. 
Disease activity and systemic changes due to RA inflam-
mation have an impact on muscle strength, joint defor-
mation, pain and individual mobility [7], thus can affect 
balance confidence and ADLs. In the sample investi-
gated in this work, the perceived limitations in ADLs did 
not seem to have influence on the balance confidence, 
possibly due to low disease activity within the group. 
Nevertheless, strengthening balance confidence and 
reducing the fear of falling remain important aspects of 
fall prevention.

Strength and limitations
This study has multiple strengths, including the prospec-
tive design and the use of quarterly fall diaries, which made 
data collection more reliable than retrospective studies 
reporting on fall history. The regular telephone contacts 
and reminders by the study centre made it possible to 
record falls promptly and keep the drop-out rate low. One 
source of weakness in this study, which could have affected 
the results, was the incidence of falls in the study group. 
Previously reported findings on the incidence of falls in 
patients with RA suggest that the incidence of 20.2% of 
this study is a relatively low rate [10, 13]. Furthermore, a 
low disease activity, and a “young” sample with a mean age 
of 60.2 years and a wide range of ages might be the cause 
of bias in terms of a reduced incidence of falls in the sam-
ple. One reason for this could be that in the original study 
the prevalence of sarcopenia was explored rather than the 
risk of falls. The one-year follow-up was made possible by 
further funding and, was planned and carried out through-
out the research process. For this reason, other risk factors 
that have a significant influence on balance, such as medi-
cation, comorbidities and foot deformities [7], were not 
covered in the baseline. Further, according to Bouchaala 
et al. [53], balance performance varies during the time of 
the day and culminates in the afternoon at 2 pm. For logis-
tical reasons, however, this influencing factor could not be 
taken into account because the subjects were invited to the 
baseline assessment throughout the day. It was also not 
systematically investigated at what time a fall occurred.

During the execution of the Romberg test a high fail-
ure rate was seen for the tandem stand onwards, which 
is problematic especially for research due to the missing 
values. For the statistical analysis in the current study, the 
issue could be solved by constructing quartile variables 
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for the sway parameters and by integrating dichotomous 
variables, e.g. “One-leg _Balance (failed/done)”. In clinical 
practice, missing values can be ignored and, in particular, 
a single one-leg stand, if failed, seems to be a valid tool 
for predicting fall risk; in the context of research the FIC-
SIT-4 is superior to the Romberg tests, because the com-
posite score integrates failed positions.

Conclusions
The results of the presented analyses support the use of 
the FICSIT-4 assessment, including the ability to per-
form a one-leg stand, to determine fall risk in rheumatoid 
patients. For the screening of fall risk in clinical practice 
a one-leg stand might be appropriate, as this can be used 
to differentiate between patients at high risk of falling 
(failed) and those at low risk of falling (held for 10 s).

For the assessment of sway parameters in a population 
of RA patients, the semitandem stand showed the most 
applicable results. In order to determine fall risk in this 
population, path length, area of sway, velocity of sway 
and medio-lateral sway during a semitandem stand can 
be used. The semitandem stand was safe to perform, was 
completed by almost all subjects and was moderately 
challenging for the postural system. This position is par-
ticularly suitable for samples over a wide range of age as 
well as for the elderly or subjects with a chronic disease. 
For younger and active subjects, positions should be cho-
sen that challenge the balance system to the maximum. 
This can be achieved by using one-leg stands, closed eyes 
or dynamic positions.

For the development of prevention or physical therapy 
programmes, the training of medio-lateral and anterior–
posterior balance strategies should be focused on. The 
mobility and perception of the foot, and the prevention 
of joint deformities in order to improve balance ability 
should be prioritised.
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