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Abstract

Severe fatigue, difficulty falling asleep, body stiffness, cognitive impairment, and
widespread pain are some of the primary symptoms experienced by individuals with
fibromyalgia (FM), leading to reduced physical function, increased frailty, and elevated fall
risk. The present study aimed to evaluate the effects of the Virtual Square Step Exercise
(V-SSE) program on physical function, frailty, FM impact, pain, fear, and risk of falling,
and fall incidence in women with FM. A randomized controlled trial was conducted with
61 sedentary Spanish women with FM. Participants were randomly assigned to two groups:
V-SSE and the control group. The V-SSE group completed an exercise program based on
the V-SSE for 12 weeks (3 sessions/week), while the control group maintained their usual
lifestyle and treatment. Physical function was assessed using the Timed Up and Go (TUG),
Four-Step Square (FSST), 6-Minute Walking Test (6MWT), and others. Frailty was assessed
with the Short Physical Performance Battery (SPPB). FM impact, pain, falls, and fear of
falling were evaluated via questionnaires. Significant intergroup differences were only
found in the 30 m Walking Test (p = 0.023; E.S. = 0.539), due to worsening in the control
group. Although significant improvements were found in other variables in the V-SSE
group, Dual Sit to Stand (p = 0.038), FM impact (p = 0.010), pain (p = 0.003) and falls
(p = 0.037), these did not remain statistically significant after adjusting for multiple com-
parisons, nor were they corroborated in the intergroup comparison. A 12-week program
based on the V-SSE was not effective in improving physical function, frailty, FM impact,
pain, falls, fear, and risk of falling in Spanish women with FM.
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1. Introduction

Fibromyalgia (FM) is a complex disorder of pain processing in the central nervous
system, characterized by a generalized hypersensitivity to pain [1,2]. Although its main
symptoms, such as widespread pain, body stiffness, fatigue, sleep disturbances, depression,
anxiety, and cognitive difficulties, have been widely documented, its precise etiology
has not yet been determined [3-5]. However, genetic, environmental, and psychological
factors are recognized as being involved in its development [2,5], as well as the influence
of modifiable factors such as lifestyle, stress, or physical exercise on the intensity and
evolution of symptoms [3,6].

The impact of FM extends beyond its symptoms. People with FM often have a
decreased level of physical activity, low perceived physical fitness, kinesiophobia, and
impaired physical function. These factors are associated with increased frailty, imbalance,
fear of falling, and increased risk of falls [7-9]. The incidence of falls per year in people
with FM is five times higher (2.5 vs. 0.5) than in people without FM [10], although this
incidence is much lower in those who are physically active [7]. Along with all the above, FM
significantly affects quality of life, limits activities of daily living, and negatively influences
mood, as well as the perception of self-confidence and self-efficacy of individuals with
this disease [2].

As it is a complex disorder that affects the whole person, the strategies implemented
for the management of its symptoms and the areas affected by each patient require a multi-
disciplinary approach tailored to individual requirements, including pharmacological and
non-pharmacological treatments [3,6,11,12]. Among non-pharmacological treatments, pro-
grams that include regular physical activity have been found to help improve FM symptoms,
reducing pain, depressive symptoms, muscle stiffness, and sleep disturbances [6,13-15].
International scientific literature supports the inclusion of structured programs that com-
bine regular physical activity with complementary strategies such as health education to
improve symptom management and promote adherence to programs and healthy lifestyles.
In Spain, the Al-Andalus project generated relevant data on physical condition, quality of
life, and health-related factors in women with fibromyalgia, supporting the justification
and development of physical education interventions tailored to this population [16-18]. In
Brazil, the Amigos de Fibro program has been developed, validated for use in primary care,
and shown to have positive effects on symptom management and emotional well-being
in patients [19,20]. In addition, in countries such as Canada and Sweden, clinical trials
with similar approaches have also been conducted to maintain the functional capacity and
well-being of patients with FM, as well as to better control symptoms [21,22]. Finally, the
revised recommendations of the European League Against Rheumatism (EULAR) highlight
the importance of education, physical exercise, and a multidisciplinary approach as key
tools in the fibromyalgia treatment [23].

In contrast, symptom severity has been associated with poorer overall physical fitness,
as well as poorer performance on tests related to physical function, increased fear of falling,
and the number of falls in women with FM [24]. However, the response of people with
FM to exercise is not always positive, and inadequate intensity or duration, too high
increases in workload, inadequate recovery times, or lack of adaptation of participants
can lead to negative effects, such as a temporary increase in pain and fatigue [25,26].
People with FM, as well as people with other pain-related pathologies, often have longer
recovery times than the general population, so it is recommended to begin any physical
activity program with low intensities and increase the training load progressively [25,27].
Moderate-intensity aerobic exercise, multicomponent exercise, supervised strength training,
mind-body practices (such as yoga and tai-chi), and dual (physical-cognitive) tasks can
contribute to holistic improvement in people with FM. These programs can help increase
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physical and cognitive function, improve mental health and sleep, reduce pain, and reduce
the risk of falls, among other benefits [25-30]. However, the effects are often low to
moderate in magnitude, so there is a need to continue to explore and optimize exercise
programs that enhance these outcomes [2,15]. These findings support the design of safe,
feasible exercise programs tailored to patients’ needs, providing guidance to clinical care
professionals on the implementation of effective strategies for the non-pharmacological
treatment of fibromyalgia. Despite this, there is still a need to develop interventions that
integrate physical and cognitive components in a structured manner, highlighting the
importance of innovative programs such as Virtual Square Stepping Exercise (V-SSE).

This study is part of a larger research project to evaluate the effects of the Virtual
Square Step Exercise (V-SSE) program in middle-aged and older Spanish women with
FM. The first phase, the findings of which have already been published, examined the
impact of the intervention on quality of life (QoL), self-perceived health, life satisfaction,
mental health, and cognitive function, without finding it to be effective in improving these
variables [31]. The present study, with the same participation sample, aimed to analyze
the effects of 12 weeks of training based on a virtual version of the Square-Step Exercise
(V-SSE) method on physical function, the impact of FM, frailty, pain, falls, fear of falling,
and risk of falling.

V-SSE is an exercise program consisting of memorizing a series of movement patterns
in progression of difficulty and executing them on a thin mat 2 m long and 1 m wide,
divided into 25 cm? squares [32,33]. In the scientific literature, it has been found that SSE
can improve physical function in its participants [10]. In particular, some researchers have
found improvements in agility, lower limb strength, walking speed, reaction time, balance,
fall efficacy scale, and fear of falling in the elderly population [10,32-35]. Besides, a recent
systematic review evaluated the effects of SSE on physical and cognitive function, mental
health, and body composition in healthy older adults, concluding that SSE has the potential
to improve these [36]. However, no studies have evaluated the effects of SSE on physical
function, frailty, FM impact, pain, falls, fear of falling, and risk of falls in women with FM,
which is the focus of this study in a virtual version of the SSE.

The baseline hypothesis of this study was that 12 weeks of training based on the V-SSE
method produces significant positive changes in physical function, FM impact, frailty, pain,
falls, and fear of falling in middle-aged and older Spanish women with fibromyalgia.

2. Materials and Methods
2.1. Design

This study followed the format of a single-blind randomized controlled trial with
participants individually assigned to either the intervention or control group. The method-
ological guidelines were established in accordance with the CONSORT Statement [37]. The
research team did not find a way to blind the participants, and, during the intervention, they
were aware of the group to which they had been assigned. However, the participants’ group
assignment was blinded to the evaluators. The allocation of participants to the groups
(control and experimental) was randomized (1:1) by a researcher outside the clinical trial by
assigning a code to the participants. Research Randomizer (https://www.randomizer.org/)
was the software used for this assignment [31].

The Bioethics and Biosafety Committee of the University of Extremadura approved
the full project. In addition, the project was registered (application number: 378330) in the
Australian and New Zealand Clinical Trials Register [31].
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2.2. Participants

The study was conducted on adult Spanish women with FM. To recruit the sample,
local and national FM associations were contacted between December 2021 and April
2022. Associations from four Spanish provinces agreed to participate in the study, and
89 potential participants were recruited from Céceres, Elche, Madrid, and Palencia. Table
51 shows the inclusion and exclusion criteria that were applied in the study [38-40]. Ten
women were excluded because they did not meet the selection criteria, while eight women
declined to participate in the intervention program. The study started with 71 women, who
were randomly assigned to two groups: the experimental group (36 women) and the control
group (35 women). However, 6 women (3 per group) decided not to continue with the
intervention program for personal reasons and were excluded. Finally, 4 participants from
the control group decided not to assist in the post-intervention evaluation tests and were
excluded from all analyses. Therefore, the study had a final sample of 61 women with FM:
experimental group (33 women) and control group (28 women). The flowchart was shown
in our previous study [31]. The sample calculation for the main project variable, using
G*Power 3.1.9.2 software, estimated that 26 participants per group would be necessary to
detect significant differences in the pre—post intervention measurements through Student’s
t-test for paired samples; for this test, a statistical power of 90% was reached, calculated in a
post hoc analysis for an alpha and beta risk of 0.05 and 0.2, respectively. For Student’s ¢-test
for independent samples, the sample calculation estimated a total of 98 women to find
statistically significant intergroup differences; for this test, a statistical power of 60% was
reached and should be considered when interpreting the results found in the intergroup
comparisons of our study [31].

2.3. Twelve-Week Intervention Program

Experimental group (V-SSE): Participants in this group followed a training program
based on Virtual SSE for 12 weeks, with three sessions per week. Before starting the
intervention, each participant was provided with a special SSE mat, with dimensions
of 250 x 100 cm and divided into 40 squares of 25 cm?
containing 200 movement patterns organized into three levels of difficulty: beginner
(with two sub-levels), intermediate, and advanced (with three sub-levels each) [10,31,41].
Along with these materials, specific instructions for performing the exercises were provided.

. They also received a booklet

The program consisted of a structured progression with 200 patterns, from the most basic
movement (such as the simple walking pattern) to more complex movements (with several
direction changes). The sessions were delivered to small groups of 2 to 6 people, in
common rooms provided by the participating associations. In these spaces, participants
were provided with training mats, workbooks, internet access, and a screen to connect to
an SSE expert, who guided the sessions remotely via videoconference. The development of
the sessions was detailed earlier in the first study of this project [31].

Control group: Participants in the control group were encouraged to maintain their
usual lifestyle and treatment received by the public health system. The usual treatment of
these participants, prior to the intervention program, did not include any exercise-based
activity or physical activity. This remained the case throughout the 12-week intervention.
Although these participants did not undergo the SSE intervention program, at the end of
the project, the mats and booklets were made available to their associations so that they
could complete the program if they so wished.

2.4. Questionnaires and Assessment Tests

Sociodemographic questionnaires and anthropometric measures were used to char-
acterize the sample, including age, height, weight, BMI, hip and waist circumferences,
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waist-to-hip ratio, years since diagnosis of the disease, and years since the onset of first
symptoms, among others.

Initial tests and questionnaires were conducted one week before beginning the inter-
vention program. These were repeated one week after the end of the 12-week intervention.
The tests were carried out by Sports Science Graduates. These tests were carried out at the
centers of each of the partner associations.

Physical Function Assessment

Balance: Dynamic and static balance were assessed. Static balance was assessed
using two variants (open eyes: ICC = 0.99; closed eyes: ICC = 0.95) of the One Leg Stance
(OLS) test. Participants were required to perform two attempts per leg. All attempts
were timed, and the best result was recorded. This test is a predictor of falls in older
people [10,42]. Dynamic balance was assessed using the Four Square Steps Test (FSST;
ICC = 0.98). Participants performed two timed attempts, and the best of these was recorded.
This test has also been recognized as a predictor of falls in older people [9,10,43].

Agility: Agility was assessed using the Timed Up and Go (TUG) test. The time
(in seconds) it took participants to get up from a chair, walk to a cone 3 m away, make a
180° turn around it, walk the 3 m back to the chair, and sit down was taken. In women
with FM, this test is valid and reliable (ICC = 0.93) [44]. In addition, we timed the time
participants took to perform two other variants: Dual TUG (participants performed the
TUG, while counting down aloud from 50 to 0, counting from 2 to 2) and imagined TUG
(i-TUG; participants were asked to imagine themselves doing the run, and the time taken to
do this imagined run was recorded). With real time and imagined time, the variable delta
TUG (A TUG) was determined; a higher value in this parameter is related to a higher risk
of falling [45].

Frailty: The Short Physical Performance Battery (SPPB) was used for this purpose. This
battery consists of three tests: balance (Tundem Stance), walking speed (4 m walking test),
and lower limb strength (5 repetitions Sit to Stand) [10]. From the three tests, a score between
0 and 12 points is determined, with 0 indicating the worst condition and scores below 10
indicating low physical fitness, risk of falls, and frailty [46].

Gait Speed: Gait speed was assessed using the 30 m Brisk Walking Test (30 m BWT;
ICC = 0.93) [47]. Participants had to cover 30 m, walking as fast and safely as possible. Two
attempts were made with one minute in between, and the fastest one was recorded.

Cardiorespiratory fitness: The 6 min walking test (6 MWT; ICC = 0.92) was used for this
purpose. The participants had to walk as far as possible for 6 min. For this purpose, a
rectangle of 45.7 m was set up, and the participants had to walk around it as many times as
possible [44].

Flexibility: This was assessed by two tests: Functional Reach Test (ICC = 0.92) [48] and
Chair Sit and Reach (Sit & Reach; ICC = 0.94) [44]. The first test assessed the functional
scope of the participants, while the second assessed the flexibility of the lower limbs. Two
measurements were taken for both tests, and the best result was recorded [10].

Lower limb strength: This was assessed with the 30 s Sit to Stand test (Sit to Stand;
ICC =0.91) [10,44], recording the number of times participants managed to sit down and
stand up for 30 s. In addition, a dual variant (Dual Sit to Stand, counting down 2 by 2 from
the number 100) and an imagined variant (i-Sif to Stand, participants mentally visualized
themselves doing the test and counted the repetitions they mentally performed in 30 s)
were performed [9].

Handgrip strength: The isometric handgrip strength (ICC = 0.95) [44] was evaluated
with a digital dynamometer (TKK 5101 Grip-D; Takey, Tokyo, Japan) [49]. Participants
performed two attempts per hand, and the best result was recorded [9].

Fibromyalgia’s Impact, Pain, Falls, Fear of Falling, and Risk of Falling Assessment
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Fibromyalgia Impact Questionnaire Revised (FIQ-R): The FM’s impact on the participants
daily lives was assessed using the FIQ-R. Using 21 items, this tool asks participants about
the symptoms and problems resulting from the FM. It is scored from 0 to 100, where 0
indicates the least impact and 100 indicates the greatest. In addition, three domains can
be assessed with this tool: Functions (constructed by 9 items and scores between 0 and 30,
from lowest to highest impact), Global Impact (constructed by 2 items and scores from 0 to
20, from lowest to highest impact) and Symptoms (constructed by 10 items of the FIQ-R,
with scores from 0 to 50, from lowest to highest impact). This tool is valid and reliable
(Cronbach alpha = 0.93) [9,50].

Falls: Participants were asked to indicate the number of falls they had experienced in
the previous four months.

Fear of falling: The Fall Efficacy Scale-International (FES-I. ICC = 0.96) was used to
assess participants’ fear of falling. The FES-I asks participants how worried they are about
falling when performing 16 activities of daily living. It can take a score between 16 and 64.
Scores > 24 are considered to indicate fear of falling [9,51,52].

Risk of falling: The Activities-Specific Balance Confidence Scale (ABC Scale) was used to
assess participants’ risk of falling. With 16 items, the ABC Scale asks participants about
their confidence in their balance in everyday life situations. This scale takes values from 0%
confidence to 100% confidence. People with a confidence of less than 67% are considered to
be at high risk of falling [24,53,54].

2.5. Statistical Analysis

The statistical analyses in this study were performed with Jamovi open source statisti-
cal software version 2.3.28.0 (Sydney, Australia). Normality and homogeneity of the data
were tested with the Shapiro-Wilk test and Levene’s test. Control and V-SSE groups were
characterized by descriptive analysis, in which the mean and standard deviation (sd) of
each of the variables at baseline are presented. To assess possible differences within each
group (pre versus post intervention), a paired-sample ¢-test was used. Subsequently, to com-
pare differences between groups (control versus V-SSE) in terms of pre-post change, a f-test
for independent samples was applied on intragroup differences. Cohen’s d was calculated
to interpret the effect size (E.S.). For all analyses, a significance level of p < 0.05 was as-
sumed. Subsequently, a Bonferroni adjustment for multiple comparisons was performed to
control for Type I error caused by multiple statistical tests. The adjusted significance value
was calculated by dividing the original alpha level by the number of comparisons made.

3. Results

Following the initial physical assessment, no significant between-group differences
were observed in any of the variables related to physical function: balance (static: OLST;
and dynamic: FSST), agility (TUG), frailty (SPPB), gait (30 m BWT), cardiorespiratory fitness
(6MWT), flexibility (Functional Reach and Sit & Reach), lower limb strength (Sit to Stand)
and handgrip (Table S2).

No intergroup differences were also found in the questionnaire-based study variables:
FM Impact (FIQ-R and its domains: Functions, Global Impact, and Symptoms), pain (VAS
for Pain), falls, fear of falling (FES-I) and risk of falling (ABC), as well as age, years since
diagnosis, and years since appearance of symptoms. All of these are shown in Table 1.

After the twelve weeks of intervention, in the control group, significant pre—post
changes were observed in the TUG (7.3 vs. 7.9, p = 0.007), SPPB (10.6 vs. 10.3, p = 0.043),
4 m walking test (2.6 vs. 3.0, p = 0.003), and 30 m walking test (18.6 vs. 20.7, p = 0.006),
indicating a slight worsening in the performance of these tests. In the V-SSE group, a
significant improvement was only observed in the number of repetitions performed in the
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Dual Sit to Stand test (9.3 vs. 10.2, p = 0.038). However, after performing the Bonferroni
correction, none of the changes found maintained statistical significance (p = 0.002). In
the between-group comparison, significant differences were only detected in the 30 m
walking test (p = 0.028, E.S. = 0.527), although these differences were also not confirmed
after Bonferroni adjustment. Therefore, no significant improvements were found that could
be attributable to V-SSE, and V-SSE was not found to be effective in improving physical
function in our sample. All these results are presented in Table 2.

Table 1. Comparison of baseline questionnaire-based variables between control and Virtual Square
Stepping Exercise groups.

. Total (n = 61) Control (n = 28) Exercise (n = 33)
Variables P
Mean (Sd) Mean (Sd) Mean (Sd)

Age (years) 58.0 (9.8) 58.0 (11.0) 58.0 (7.0) 0.222
Years since diagnosis 13.2 9.1) 14.0 (12.0) 12.0 (13.0) 0.771
Years with symptoms 20.8 (11.2) 20.0 (18.0) 21.0 (20.0) 0.503

FIQ-R: Functions (0-30) 15.6 (7.3) 16.1 (8.5) 15.3 (7.2) 0.857
FIQ-R: Global Impact (0-20) 10.6 (6.0) 10.9 (5.9) 10.2 (6.7) 0.843
FIQ-R: Symptoms (0-50) 31.8 (8.9) 31.9 (10.8) 31.6 (8.1) 0.970
FIQ-R (0-100) 57.8 (20.6) 58.8 (24.5) 58.0 (19.4) 0.849

VAS for Pain (0-10) 6.5 (1.9) 6.0 (1.8) 6.9 (1.9) 0.069
Falls (n) 2.1 (3.9) 1.4 (2.1) 2.1 (3.4) 0.117

Fear of Falling (16-64) 35.7 (11.0) 33.8 (10.4) 36.5 (12.0) 0.105
Risk of Falling (0-100) 55.6 (21.9) 53.2 (23.6) 60.8 (17.3) 0.116

n (number); Sd (standard deviation); p (p-value. Significant differences with Bonferroni’s correction: p < 0.006);
FIQ-R (Fibromyalgia Impact Questionnaire-Revised: 0 and 100 represents lowest and highest impact, respectively.
Also, in all three dimensions, a higher score represents a higher impact); VAS (Visual Analogic Scale: 0, no pain;
10, maximum pain); Fear of Falling (16: not at all worried; 64: very worried); Risk of Falling (scores below 67 are
associated with a high risk of falls).

Finally, no significant changes were observed between pre-test and post-test values
for any of the questionnaire-based variables in the control group. In contrast, in the V-SSE
group, significant differences between pre-test and post-test values were observed in the
FIQ-R total score (58.0 vs. 54.1, p = 0.010), in the FIQ-R Functions dimension (10.2 vs. 9.6,
p =0.028), as well as in pain (6.9 vs. 5.5, p = 0.003) and in the number of falls (2.1 vs. 1.1,
p = 0.037), with no significant changes observed in the rest of the variables. When applying
the Bonferroni correction for multiple comparisons (p = 0.006), only the changes in VAS for
pain remained statistically significant. In addition, these changes observed in the intragroup
comparison were not confirmed in the intergroup comparison (Table S3). Therefore, V-
SSE was not found to be effective in improving these variables in our sample. Pre—post
intervention differences in the FIQ-R and its dimensions are shown in Figure 1. Figure S1
shows the pre—post differences in pain, number of falls, fear of falling, and risk of falling in
both groups.
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Table 2. Impact of the ‘Virtual Step Square Exercise’ program on physical function after 12 weeks in Spanish women with fibromyalgia.

Control Experimental Group Comparison
(n =28) (n =33) P P
Pre: Post: Diff. Pre: Post: Diff. Mean
Mean (Sd) Mean (Sd) Mean (Sd) P Mean (Sd) Mean (Sd) Mean (Sd) P Diff. (SE) P
Balance: OLSR Open (s) 268  (157) 295  (158) 27  (20.6) 0837 230 (194) 234 (157 04 (139 0429 -—22  (47)  0.689
Balance: OLSR Close (s) 88  (122) 71 67) -17 (128) 0742 60  (54) 53  (43) 06  (46) 078 10 2.6) 0337
Balance: OLSL Open (s) 280  (148) 245  (152) -35 (166) 0851 202 (174) 211 (172) 08  (174) 0393 43 45 0172
Balance: OLSL Close (s) 86 (109 65 (8.5) 21 (138) 0777 54  (54) 52 (44 02  (47) 0593 -19 (28 0235
Four Step Square (s) 67  (18) 6.6 18  -01 (15 0361 75 (36 69 (199 06 (30) 0125 05  (0.6) 0212
TUG (s) 73 (16) 7.9 (1.8) 0.6 1) 0007 79 (29 80 (2.0 0.1 27) 0545 —05  (0.5) 0174
i-TUG (s) 56 (2.1 5.6 12  —01 (199 058 54 (22) 56 (L) 0.1 24) 0610 02 06)  0.638
A-TUG 67 (68 8.7 6.8) 20 61) 0053 97 (99 91 (56 -06 (99 0360 26 (1) 0.119
Dual TUG (s) 94  (2.8) 9.5 (3.0) 0.1 25 0398 105 (51) 98  (34)  —08  (42) 0147 —09  (09) 0.165
SPPB (0-12) 106 (10) 103  (L.0) -03 (08 0047 107 (L1) 109 (1.2 0.2 11 0210 05 03)  0.062
SPPB: Tandem Stance (s) 100  (0.0) 100  (0.0) 0.0 ©00) 0327 96 (1.6) 98 (11 0.2 (12) 0144 02 02) 0157
SPPB:5repSittoStand (s) 142  (50) 146  (3.9) 0.4 (G4) 0513 130 (46) 138  (55) 0.8 49) 0818 04 11) 0628
SPPB: 4 m Walking Test (s) 2.6 (0.6) 3.0 (0.6) 0.3 05 0003 29 (07 30  (08) 0.2 07) 084 —02  (02) 0142
30 m BWT (s) 186 (35 207  (45) 2.1 (34 0006 217 (58 216 (45  —01  (46) 0444 22  (11) 0028
6 min. Walking Test (m) ~ 481.5  (943) 4760  (80.7) —55  (707) 0709 4555 (87.0) 4544 (89.3) —11  (791) 0532 43  (20.1) 0416
Functional Reach (cm) 338  (66) 348  (6.6) 0.9 60) 0421 333 (76) 333  (65) 0.0 (74) 0495 —09  (17)  0.699
Sit & Reach Right (cm) 29  (124) -25 (128 04  (119) 084 —61 (122) —64 (128 03  (101) 0566 —07  (29) 0397
Sit & Reach Left (cm) 29 (1190 16 (132) 13 (75 0519 —54 (109) -59 (1190 —05  (83) 0641 -18 (25 0227
Sit to Stand (rep) 111 (30) 109 (26 —02 (190 0618 104 (31) 108  (3.0) 0.4 32) 0240 06 07)  0.188
i-Sit to Stand (rep) 137 (54) 133 (48  —04 (45 0638 134 (57) 132 (44 03 (48 0626 0.1 (12) 0456
Dual Sit to Stand (rep) 97 (27 9.9 2.8) 0.1 16) 0721 93 (34 102 (27 0.9 27) 0038 07 06)  0.106
Handgrip Right (kg) 24 (46 209 (65  -15 (52) 0146 217  (66) 211 (78 —06  (66) 0707 08 (15 029
Handgrip Left (kg) 208  (50) 204 (57  -03  (44) 0685 207  (64) 205 (7.0) —02  (54) 0590 0. (13) 0461

n (number); Sd (standard deviation); Diff. (difference); p (p-value. Significant differences with Bonferroni’s correction: p < 0.002); SE (standard error); OLSR (One Leg Stance Right); s
(seconds); OLSL (One Leg Stance Left); TUG (Timed Up and Go); i (imagined); A (delta); m (meters); SPPB (Short Physical Performance Battery: 0, the worst physical performance; 12,
the best); BWT (Brisk Walking Test); rep (repetitions); min. (minutes); cm (centimeters); kg (kilograms).
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Figure 1. Differences in Fibromyalgia Impact Questionnaire Revised (FIQ-R) score and its dimensions:
(A) Functions; (B) Global Impact; (C) Symptoms; (D) Total Score) before and after the intervention in
both groups. The circle shows the mean score, and the square shows the median.

4. Discussion

This study presents the results of the first research that evaluated the effects of a
12-week training program based on Virtual Square Stepping Exercise (V-SSE) on physical
function, FM impact, frailty, pain, falls, fear of falling, and risk of falling in Spanish women
with fibromyalgia. In a previous work [31], the authors presented the analysis of the
applicability and safety of the V-SSE in this same population, as well as its effects on quality
of life, self-perceived health, life satisfaction, mental health, and cognitive function. In
that study, despite observing that the V-SSE was applicable (with an adherence rate of
over 85%) and safe (no injuries or incidents), no significant effects were found on the
variables analyzed.

Similarly, the present study found, as main findings, that no statistically significant
improvements were observed in indicators of physical function, frailty, FM impact, falls,
fear of falling, and risk of falling after the V-SSE. Despite finding some positive trends in
the experimental group, the statistical significance observed did not sustain after applying
the multiple comparison correction. Furthermore, the intergroup analysis did not reveal
statistically significant improvements either. These findings suggest that, in this study, the
efficacy of V-SSE in improving these variables has not been proven.
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In our study, no significant improvements in physical function were observed in
women with FM after 12 weeks of V-SSE intervention. These results contrast with previous
studies in the older population. Some researchers had reported positive effects of SSE on
indicators related to physical function, such as balance, gait speed, agility, lower body
strength and power, and flexibility [32-34,36,55-59].

A recent study in an older Spanish population evaluated the effects of 12 weeks
of SSE on physical function, finding an improvement in dynamic balance (measured by
FSST) and gait speed (30 m BWT) [34]. Following these findings, the authors suggested
that SSE might be effective in improving stability and gait speed. Previously, Japanese
and Korean researchers had observed improvements in static balance (using the OLST)
in the Japanese and Korean elderly population [35,59]. In contrast, our study found no
significant improvements in either static or dynamic balance, using the same tests as those
studies, as did other researchers in the Brazilian adult population [58,59], using the Berg
Balance Scale, a battery that assesses static and dynamic balance. Therefore, the evidence
on the effectiveness of SSE for balance improvement is not clear, and further research
is needed, including more sensitive tools, such as inertial measurement units (IMUs) or
force platforms. Regarding gait speed, according to the 30 m BWT, we found significant
differences between the control group and the experimental group. Although this would
be in line with the findings of Franco-Garcia et al. [34], our finding was due to a worsening
of the control group and not an improvement in the experimental group. Moreover, these
differences were not statistically confirmed after adjustment for multiple comparisons. In
the above studies in the elderly population [34,35], the improvements observed in balance
and walking speed were not consolidated over time; in fact, in older Spanish women,
the benefits were not maintained after one month of detraining [34]. In a previous study,
the authors highlighted the importance of sustained physical activity over time for the
beneficial effects of the SSE intervention to be long-lasting. These findings, together with
the fact that people with FM have a longer period of adaptation to training, may suggest
that our study should have been conducted over a longer period of exposure, extending
beyond 14 weeks, as recommended in a recent systematic review [28].

In our study, we also found no effects on agility (assessed using the TUG), lower
limb strength (assessed using the Sit to Stand), flexibility (using the Sit & Reach), aerobic
capacity (using the 6 MWT), frailty (using SPPB), and handgrip strength. These findings
coincided with those observed by Franco-Garcia et al. [31], with similar assessment tests.
Even though the V-SSE requires a process of memorization and execution of coordinative
patterns, no improvements were found in the dual versions of the above tests, as in the
study by Franco et al. [34]. Some authors have suggested that the original version of
the SSE may be an insufficient physical stimulus to produce changes in the functional
mobility, strength, and aerobic capacity of the participants, suggesting modifications in its
implementation, including other adaptations, such as concurrent strength work to enhance
its effects [31,36,58]. However, studies have been found in the scientific literature in which
improvements in the above-mentioned physical function abilities have been observed in
the elderly population [32,33,35,55,57-59]. Since there is no clear evidence that SSE can
improve physical function capacities, it is necessary to further evaluate its effectiveness by
providing new adaptations of the original program and exposure periods.

Our study, in addition to physical function, also looked at the effects on fear of falling,
risk of falling, and number of falls, as well as FM impact and pain, as specific aspects
of our population that are related to physical function. However, although we found a
trend of improvement in these variables, we only found a significant reduction in pain
within the experimental group, although this significant change was not confirmed in the
intergroup comparison. Therefore, in contrast to previous studies that found significant
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improvements in the above variables [32,56,59], our study did not reveal a significant
effect, as in the Franco-Garcia et al. study [34], where they also found no effect on fear of
falling. The sample size, given that it did not reach sufficient statistical power for intergroup
comparison, as well as the short duration of the intervention (12 weeks), may have meant
that the trends found did not consolidate into statistically significant changes. However,
the intensity of the program may also not have been a sufficient stimulus to induce changes
in our population; thus, further research on the effectiveness of the V-SSE is necessary.

V-SSE is a tool that could be useful in improving physical function in women with
FM, as well as reducing falls, fear of falling, risk of falling, pain, or the functional impact
of the condition. It has been found to be applicable and safe in this population; however,
at present, it has not demonstrated efficacy on its own in this population. Before V-SSE
can be proposed as a training alternative, as has been proposed in other populations, for
the improvement of the above variables, further research into possible modifications is
necessary to demonstrate its efficacy. In the future, programs of longer duration should
be implemented, the intensity of the exercises should be increased, or V-SSE should be
combined with strength training. In addition, it is also necessary to explore face-to-face
versions, given that there is a lack of face-to-face research with SSE in women with FM.

This research had some limitations that should be considered when interpreting our
findings. Firstly, although our study had a sample size equal to or larger than other SSE
studies, we did not have enough participants to be able to assume that the results of the
intergroup comparisons were statistically reliable. However, we did reach a sufficient
sample size to analyze the effects of the intervention in each of the groups, and it was not
effective in improving the variables analyzed in our sample. In large part, the difficulties
in recruitment were due to the COVID-19 pandemic, which generated a lot of fear and
uncertainty among potential participants, and they used these reasons for not participating.
We believe that the duration of our study, 12 weeks, although like other SSE programs, may
have been insufficient to produce effects on our sample, given that some authors recom-
mend interventions longer than 14 weeks in people with FM. Some physical measurements,
such as balance, could have been carried out with more sensitive tools, although these
were not available at the time of this intervention, and field tests were chosen for their ease
and cost-effectiveness. We also did not consider the expectation bias of the participants,
although we believe that this was not particularly relevant, given that no efficacy was
found in the V-SSE group.

5. Conclusions

A 12-week Virtual Square Step Exercise (V-SSE) program was not effective in improv-
ing physical function, frailty, fibromyalgia impact, pain, falls, fear of falling, and risk of
falling in Spanish women with FM.

Although improvements were observed within the experimental group in some vari-
ables, such as pain, impact of FM, and number of falls, these improvements were not
confirmed as statistically significant after adjustment for multiple comparisons, nor in
comparison with the control group.

These results suggest that, in its current form, the V-SSE program may not be sufficient
to improve physical function in women with fibromyalgia.

Future studies should consider interventions of longer duration, integrated strength
training, and with larger samples to more accurately assess the potential benefits of V-SSE
in this population.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/sci7030117/s1, Figure S1: Differences in VAS for Pain (A), Falls (B),
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