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Resumo: Objetivo: Analisar o efeito da alta demanda inspiratéria sobre o equilibrio e o risco de
queda em idosos. Métodos: Os participantes realizaram o Modified Clinical Test of Sensory
Interaction and Balance (m-CTSIB) na plataforma Biodex Balance System (BBS) com aumento da
demanda respiratoria e imediatamente apds o teste. O m-CTSIB foi realizado em trés condigdes:
avaliagdo basal com respiragao livre; com aumento da demanda inspiratdria; e apds o término do
teste. A analise dos dados foi realizada por meio do teste de Shapiro-Wilk, utilizando o teste de
Levene e Andlise de Variancia para medidas repetidas (ANOVA). Resultados: Treze homens
idosos (73 + 7,25 anos) foram selecionados nos quais a pressdo inspiratéria maxima (PImax) foi
avaliada. No protocolo m-CTSIB, a comparacao pré e durante mostrou diferencas significativas
em Olhos Abertos em superficie firme e instavel e em Risco de Queda. Quando essas condi¢des
foram comparadas durante e apds os testes, houve diferengas significativas em todas as
condigdes. Quando comparados pré e pds, apenas a superficie instavel Olhos Fechados mostrou
diferenga significativa. Conclusdo: A sobrecarga na demanda inspiratéria foi capaz de causar
alteragdes em variaveis do equilibrio, principalmente quando o voluntario é exposto a

sobrecarga.

Palavras-chaves: Respiracdo; Biodex Balance System; Idoso; Biomecanica.

Abstract: Objective: Analyze the effect of high inspiratory demand on balance and risk of falling
in the elderly. Methods: The participants performed the Modified Clinical Test of Sensory Interac-
tion and Balance (m-CTSIB) on the Biodex Balance System (BBS) platform with increased respira-
tory demand and immediately after the test. m-CTSIB was performed under three conditions:
baseline assessment with free breathing; with an increase in the inspiratory demand and after the
end of the test. For data analysis, the Shapiro-Wilk test was performed using the Levene test, and
Analysis of Variance for repeated measures (ANOVA). Results: Thirteen elderly men (73 + 7.25
years) were selected in whom the maximum inspiratory pressure (PImax) was evaluated. In the
m- CTSIB protocol, pre and during comparison showed significant differences in Eyes Open in
firm and unstable surface and in Fall Risk. When these conditions were compared during and af-
ter the tests, there were significant differences in all conditions. When pre and after were com-
pared, only the Eyes Closed unstable surface showed a significant difference. Conclusion: The
overload in the inspiratory demand was able to cause changes in the balance variables, especially

when the volunteer is exposed to overload.
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1. Introduction

Volleyball is a collective sport characterized by technically complex movements},
including short and explosive movement patterns, quick and agile positioning, jumps and
blocks?. These motor actions compose the main attack, blocks and serve moves,
demanding high physical capacity of the players, which are decisive in the games®. In
addition, the execution of continuous volleyball actions induces muscle imbalances and
joint instability that require special attention. In this context, the motor action of jumping
is presented as the most important sporting movement for volleyball“.

It is extremely important for the technical commission of high-performance teams
to evaluate the athletes' individual movements to analyze the athlete's current
conditioning and identify possible deficits to be improved®. In general, performance tests
provide more objective information and normative values for comparison, however, most
tests do not assess the effectiveness that the individual performs a certain movement. In
many cases, it is not possible to identify imbalances in flexibility and muscle strength®”.
Such alterations may be associated with compensatory movement patterns that tend to
decrease performance® and increase the risk of injury?®.

Aiming to evaluate functional movement patterns, the Functional Movement
Screen (FMS) is a protocol composed of seven fundamental movement patterns that help
to identify functional deficits (or biomarkers) related to proprioceptive, mobility and
stability deficiencies, serving as an observable performance of basic locomotor,
manipulative and stabilizing movements, besides being a low-cost tool®. FMS has a good
reliability'013 and good ability to prevent injuries in collective sports?, despite the cut-off
point (total score <14) for an increased risk of injury in athletes is still hotly debated41.

Asymmetries are related to an increased risk of injury?¢, derived from inappropriate
movement patterns that can limit performance*'”. In addition, a greater number of
injuries and asymmetries are observed in the beginning of the season'. In volleyball
athletes, a greater number of asymmetries were observed in the shoulder mobility test in
first and second division players, a joint that is very required in the modality. Several
studies have described FMS results in team sports, comparing athletes from different
sports!’1® and assessments of collegiate or national level volleyball athletes!”. Evaluating
elite female athletes from Turkey, Azerbaijan and Kazakhstan, Aka et al.?! showed that the
scores obtained were greater than 14 points, presenting low risk of injuries?, whereas
Toselli & Campa? evaluated 69 elite athletes of the Italian men's volleyball team and
showed that about 33% of athletes presented dysfunctional movements, with a prevalence
of asymmetrical movements in the shoulder mobility test, highlighting the importance of
individual analyses?.

Thus, evaluation using the FMS seems to be an important strategy for identifying
possible asymmetries, and thus, prescribing injury prevention exercises??, especially in
pre-season assessments. Considering the different demands that high-level sport requires
and seeking to know the profile of functional movement patterns of young adult athletes

in the beginning of their careers, in the Brazilian volleyball elite, the leading country in the
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FIVB ranking of the men's volleyball teams, the present study aimed to analyze the profile
of movement patterns evaluated through the FMS in world volleyball elite athletes at the
beginning of the pre-season. Trying to understand the general functionality in this group
can be important in order to suggest possible interventions aimed at prophylaxis and

optimization of training.

2. Methods

Experimental Approach

The evaluations took place at the end of May 2019, on the day of the pre-season
presentation. The participants attended the training center of the Brazilian Volleyball
Confederation (CBV) to perform the anthropometric assessment and the FMS protocol
during the morning. The protocol was carried out by the team's physical trainer, who has

extensive experience with the procedure and has performed many evaluations.

Subjects

The study included 22 volleyball athletes from the Brazilian under-19 men’s
volleyball team (age 17.6 + 0.57 years, body mass 88 + 9.58 kg, height 194.9 + 6.23 cm),
selected for the 2019 volleyball world championship, hosted in Tunisia. Athletes who, by
orientation of the team's medical department, were not able to perform the tests proposed,
did not participate in the data collection. All athletes were familiarized with the protocols
of the evaluations performed.

Prior to their participation in the study, the athletes read and signed a free and
informed consent form, which included all the information relevant to the study. This
study was conducted in accordance with the World Medical Association's code of ethics
(Declaration of Helsinki), printed in the British Medical Journal (July 18, 1964)

Procedures
Functional Movement Screen

The seven movement patterns that comprise the FMS protocol were evaluated:
Deep Squat, Hurdle Step, Forward Lunge, Shoulder Mobility, Active Straight Leg Raise,
Push Up and Body Rotation Stability®”.

Each movement pattern was qualitatively evaluated and received a score ranging
from 0 to 3. A score of 0 was assigned when the athlete reported pain while performing
the movement. A score of 1 was given when the individual was unable to complete the
movement pattern or assume the position to perform the movement. A score of 2 was
assigned if the athlete was able to complete the movement, but with some kind of
compensation. A score of 3 was given when the individual correctly performed the
movement without any compensation.

Of the seven movements evaluated, five (Hurdle Step, Forward Lunge, Shoulder
Mobility, Active Straight Leg Raise and Body Rotation Stability) present scores assigned
to the right and left sides. Different scores between the two sides were considered

asymmetries.
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To calculate the total FMS score, the worst score reported between the two
evaluated sides was used. The procedures were performed with the equipment

recommended by the protocol (Functional Movement Systems Inc., Virginia, USA).

Statistical analysis

The results are described in frequencies, means, standard deviation and 95%
confidence interval (95% CI). Pearson's chi-square test was used to compare the
differences in frequency distribution between the left and right sides for the movement
patterns: Hurdle Step, Forward Lunge, Shoulder Mobility, Active Straight-leg Raise and
Body Rotation Stability.

The significance level adopted was a< 0.05. All analyses were performed using
SPSS software (IBM SPSS Statistics 20.0).

3. Results

The mean total FMS score was 16.09 + 1.97 (95% CI: 15.22 - 16.97). All participants
performed the evaluation tests and there were no reports of pain. The frequency
distribution of each movement, as well as the means, standard deviation and 95% CI are
described in table 1.

Table 1: Distribution of frequencies, means, standard deviation and 95% CI of the seven

movements evaluated in the FMS.

IC 95% Score Score Score Score
FMS Side  Mean SD Lower Upper 0 1 2 3 P
Deep Squat - 2.09 + 0.53 1.86 2.32 0 2 16 4
Hurdle Step Left 223 £ 053 196 2.46 0 1 15 0.597
Hurdle Step Right 2.27 + 046 2.07 2.47 0 0 16
Hurdle Step
TOTAL 223 £ 053 199 2.46 0 1 15 6
Forward
Lunge Left 232 £ 048 2.1 2.53 0 0 15
Forward 0.499
Lunge Right 2.23 + 043 2.04 242 0 0 17 5
Forward
Lunge TOTAL - 223 + 043 2.04 242 0 0 17 5
Shoulder
Mobility Left 25 + 0.6 2.23 2.76 0 1 9 12
Shoulder 0.045

Mobility Right 2.77 £ 0.69 247 3.08 1 0 2% 19%
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Shoulder
Mobility
TOTAL - 245 + 0.74 2.13 2.78 1 0 9 12

Active Straight

Leg Raise Left 264 + 058 2.38 2.89 0 1 6 15 0.940
Active Straight

Leg Raise Right 2.68 + 0.57 2.43 2.93 0 1 5 16
Active Straight

Leg Raise

TOTAL - 255 + 0.60 2.28 2.81 0 1 8 13

Trunk
Stability
Push-up - 25+ 067 22 2.8 0 2 7 13

Rotator

Stability Left 205+ 021 1.95 2.14 0 0 21
Rotator

Stability Right 2.05 £ 021 195 2.14 0 0 21 1
Rotator

Stability

TOTAL - 2.05 + 021 1.95 2.14 0 0 21 1

1,000

+

* Indicates a significant difference in the distribution of frequencies between the left and

right sides of the same movement pattern.

Four athletes (218%) had a total score <14. Only one athlete (24%) scored 0 on the
Shoulder mobility movement on the right side.

Overall, 13 athletes (259%) had some type of asymmetry (different scores between
left and right sides) in the five movement patterns analyzed by the FMS. Individually
analyzing, only one athlete (24%) presented asymmetry in the Hurdle Step movement. In
the Forward Lunge movement, two athletes (29%) had asymmetry. Eight athletes (=36%)
showed asymmetry in the Shoulder Mobility movement. Five athletes (223%) presented
asymmetry for the Active Straight-leg Raise movement and no athlete presented
asymmetry in the Body Rotation Stability movement.

Chi-square analysis revealed a significant difference in the distribution of
frequencies between the two sides of the Shoulder Mobility movement (X?= 8.03; p= 0.02).
After verifying the adjusted residuals, a lower frequency of Score 2 was found in the right
side when compared to the left side (2 x 9, respectively) and a higher frequency of Score 3
on the right side when compared to the left side (19 x 12, respectively). There was no

difference in the frequency distribution between the different sides in the other
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movements (Hurdle Step, Forward Lunge, Active Straight-leg Raise and Body Rotation
Stability, p> 0.05).

4. Discussion

The present study aimed to analyze the profile of movement patterns evaluated
through the FMS in elite world volleyball athletes at the beginning of the pre-season.
Among the main findings, it is highlighted that 82% of athletes obtained a score > 14,
characterizing a good general movement pattern, and only 4 athletes showed values
below or equal to 14. It was also possible to observe that 13 athletes presented some type
of asymmetry in the five bilateral movement patterns evaluated, which are associated
with risk of injury. In particular, shoulder mobility had a significant difference between
right and left sides, in which shoulder mobility on the right side was greater than the left
side.

The present study showed a total FMS value of 16.09 + 1.97. Other sports modalities
such as rugby, men's football and women's football, values of 13.10 + 1.97 were found in
rugby’s, in men's football, these values ranged from 13.88 + 1.83" for the under-15
category up to 16.47 + 1.35 for the professional category, while in women's soccer, the
reported value was 16.48 +2.107. Among the movement patterns that assess asymmetries,
Campa et al.’® showed that for rugby, football and volleyball, the highest percentages
were demonstrated in the shoulder mobility’s.

Evaluating volleyball athletes, Toselli & Campa?, compared Italian first and second
division players, and although there were no significant differences between the
divisions, the first division players had a mean of 15.28 +1.73, while the second division
players presented 14.83 + 2.2622. Aka et al.?!, evaluating female athletes from the national
teams of Turkey, Azerbaijan and Kazakhstan, demonstrated means of 14.77 + 2.23, 14,25 +
2,46 and 15.77 + 1.39, respectively?. Both studies found values lower than those
demonstrated in the present study (16.09 + 1.97), which may be related to the evaluation
period of the study of Toselli & Campa?, which was were carried out in the competitive
period while the present study evaluated the pre-season, and also the fact that the study
by Aka et al.?’ be composed of female athletes?'22.

The phase of assessments has extreme importance for volleyball players, in which
Berriel et al.?» showed that, in the pre-season, there is a need to improve basic physical
abilities to tolerate well the training loads?. In addition, these results seem to indicate that
FMS is not a physical performance predictor, but it may be related to the specific
requirements of the modality in which it is being evaluated.

Linek et al.?? evaluated adolescent volleyball players in two moments and dit not
find significant differences (16.3 and 16.1), however, an intervention with specific stability
exercises for volleyball was carried out, and the mean FMS score increased to 18.1%. The
results of this study suggest that specific exercises are effective in increasing the
movement pattern scores of adolescent players.

Other important finding showed a significant asymmetry in the shoulder mobility

of 36% of athletes (eight athletes). This result is close to the percentage of 29% observed by
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Toselli & Campa??, who also observed that most of the asymmetric movements and score
0 (pain when performing the movement) measured in FMS were registered in the
shoulder mobility test??. This may be due to the extensive use of this joint during
movements required in the modality, which can lead to proprioceptive and shoulder
strength deficits in volleyball players?>?%. These results corroborate the findings of the
present study and highlight the importance of working on muscle reinforcement, strength
balance and proprioception for the shoulder joint. According to Linek et al.?% specific
stabilization exercises can be an interesting strategy to be developed with athletes of this
modality?.

It is assumed that asymmetries can limit health and performance, due to
inappropriate muscle contractions and body twisting that culminate in poor movement
patterns®26. Sprague et al.'” observed a greater frequency of movement asymmetries at the
beginning of the seasons, which shows an area to be explored, if analyzed together with
the frequency of injuries in athletes during the same period. Due to the proposed
relationship between neuromuscular asymmetries and risk of injury, the FMS seems to be
able to demonstrate this riské”.

The present study presents as limitations the lack of knowledge of the training
programs that the athletes carried out in their respective teams before being selected for
the national teams, mainly involving aspects related to flexibility and joint mobility,
therefore, the results of the present investigation may present a certain degree of
heterogeneity. Nevertheless, it is important to point out that the selection of players
evaluated constitutes an important category that formed a leader team of the FIVB
ranking in recent years, which is considered a high-level sample in the world volleyball
scenario. Future studies should investigate possible intervention effects on the FMS
results, in addition to performing more than one assessment throughout the season, to
observe the behavior of movement patterns during competition periods. Another
suggested line of investigation would be to observe the incidence of injuries in athletes

and investigate the relationships with the FMS score.

5. Conclusion

It was found that almost all athletes from the Brazilian under-19 volleyball team at
the beginning of the pre-season had a score > 14 in the FMS, showing good patterns of
basic locomotor and stabilizing movements. In addition, approximately 59% of the
athletes had some type of asymmetry in bilateral movement patterns, especially shoulder
mobility, which presented a significant difference between the right and left sides, where
shoulder mobility on the right side was greater than the left side. left. Thus, it is
understood that carrying out this assessment in the pre-season can be an important
parameter for identifying preventive exercises to be prescribed throughout the season, in

order to correct asymmetries and possible injury prevention.

Author Contributions: Research concept and study design: GPB, ASC, LAPT, LFMK; Literature
review: GPB, ASC, GDV, LK, JCZ; Data collection, data analysis, interpretation, and statistical
analyses: GPB, AB, LAPT, ASC, HFMK; Writing of the manuscript: GPB, ASC, GDV, LK, JCZ, AB,



Arq. Cien do Esp, 2024, 12. 8 de 9

LAPT, LFMK; Reviewing/editing a draft of the manuscript: GPB, ASC, GDV, LK, JCZ, AB, LAPT,
LFMK.

Financial Support: Not applicable.

Ethics Approval: The research project was approved by the Research Ethics Committee of the
Universidade Federal do Rio Grande do Sul (number: 6.894.870). This study is in accordance with
the Ethic Code of the World Medical Association (Declaration of Helsinki), impressed in the British
Medical Journal (July 18th, 1964).

Conflict of interest: The authors declare there are no competing interests.

References

1.

10.

11.

12.

13.

14.

Fuchs PX, Fusco A, Bell JW, von Duvillard SP, Cortis C, Wagner H. Movement characteristics of volleyball spike jump
performance in females. ] Sci Med Sport. 2019;22(7):833-7.

Sattler T, Sekulic D, Hadzic V, Uljevic O, Dervisevic E. Vertical jumping tests in volleyball: reliability, validity, and
playing-position specifics. ] Strength Cond Res. 2012;26(6):1532-8.

Berriel G. Analise De Testes De Salto Vertical E Saltos Especificos. 2009;(1968):1-3.

Ashby BM, Heegaard JH. Role of arm motion in the standing long jump. ] Biomech. 2002;35(12):1631-7.

Harnish CR, Bullock G, Hendrix S, Baumann ]. Physical , Performance , and Functional Movement Characteristics of
NCAA Physical , Performance , and Functional Movement Characteristics of Nc aa Division IIl Women ’ s Soccer a nd
Volleyball Players. 2017;(January 2018).

Cook G, Burton L, Hoogenboom B. Pre-participation screening: the use of fundamental movements as an assessment of
function-part 2. North Am J Sport Phys Ther NAJSPT. 2006;1(3):132-9.

Cook G, Burton L, Hoogenboom B. Pre-participation screening: the use of fundamental movements as an assessment of
function-part 1. North Am J Sport Phys Ther NAJSPT. 2006;1(2):62-72.

Frost DM, Beach TAC, Callaghan JP, McGill SM. Using the functional movement ScreenTM to evaluate the effectiveness of
training. J Strength Cond Res [Internet]. 2012;26(6):1620-30. Available from:
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84863713515&d 0i=10.1519%2F]SC.0b013e318234ec59&partnerID=4
0&md5=702bbcaaa76a604acl{f83a6205b8420

Kraus K, Schiitz E, Taylor WR, Doyscher R. Efficacy of the functional movement screen: a review. ] Strength Cond Res.
2014;28(12):3571-84.

Minick KI, Kiesel KB, Burton LEE, Taylor A, Plisky P, Butler R]. Interrater reliability of the functional movement screen. ]
Strength Cond Res. 2010;24(2):479-86.

Schneiders AG, Davidsson A, Horman E, Sullivan SJ. Functional movement screenTM normative values in a young, active
population. Int ] Sports Phys Ther. 2011;6(2):75.

Smith CA, Chimera NJ, Wright NJ, Warren M. Interrater and intrarater reliability of the functional movement screen. J
Strength Cond Res. 2013;27(4):982-7.

Shultz R, Anderson SC, Matheson GO, Marcello B, Besier T. Test-retest and interrater reliability of the functional
movement screen. J Athl Train [Internet]. 2013;48(3):331-6. Available from:
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84878358068&d0i=10.4085%2F1062-6050-48.2.11&partnerID=40&m
d5=db208faldb4598234483{3eda85185d2

Gray Cook LB, Hoogenboom BJ, Voight M. Functional movement screening: the use of fundamental movements as an

assessment of function - part 1. Int ] Sports Phys Ther. 2014;9(3):396.



Arq. Cien do Esp, 2024, 12. 9 de 9

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Moore E, Chalmers S, Milanese S, Fuller JT. Factors influencing the relationship between the functional movement screen
and injury risk in sporting populations: a systematic review and meta-analysis. Sport Med. 2019;49(9):1449-63.

Kiesel K, Plisky P, Butler R. Functional movement test scores improve following a standardized off - season intervention
program in professional football players. Scand ] Med Sci Sports. 2011;21(2):287 - 92.

Sprague P, Mokha MG, Gatens D. Changes in functional movement patterns over a competitive season in intercollegiate
soccer and volleyball players. ] Strength Cond Res. 2014;28(11):3155.

Campa F, Piras A, Raffi M, Toselli S. Functional movement patterns and body composition of high-level volleyball, soccer,
and rugby players. ] Sport Rehabil. 2019;28(7):740-5.

Santos DAN, Eiras FGM, Gonet DT, de Almeida Robalinho M], do Amaral Vasconcellos FV. Relationship between
functional movement screen and physical performance in elite young soccer players. Rev Bras Fisiol do Exerc cio.
2021;20(2):200-11.

Linek P, Saulicz E, Mysliwiec A, Wojtowicz M, Wolny T. The effect of specific sling exercises on the functional movement
screen score in adolescent volleyball players: a preliminary study. ] Hum Kinet. 2016;54:83.

Aka H, Yilmaz G, Aktug ZB, Akargesme C, Altundag E. The Comparison of the Functional Movement Screen Test Results
of Volleyball National Team Players in Different Countries. ] Educ Learn. 2019;8(1):138—42.

Toselli S, Campa F. Anthropometry and functional movement patterns in elite male volleyball players of different
competitive levels. ] Strength Cond Res. 2018;32(9):2601-11.

Berriel GP, Peyré-Tartaruga LA, Lopes TR, Schons P, Zagatto AM, Sanchez-Sanchez J, et al. Relationship between vertical
jumping ability and endurance capacity with internal training loads in professional volleyball players during preseason. J
Sports Med Phys Fitness. 2021;62(3):317-23.

Contemori S, Biscarini A. Shoulder position sense in volleyball players with infraspinatus atrophy secondary to
suprascapular nerve neuropathy. Scand ] Med Sci Sports. 2018;28(1):267-75.

Gorman PP, Butler R], Rauh M]J, Kiesel K, Plisky PJ. Differences in dynamic balance scores in one sport versus multiple
sport high school athletes. Int ] Sports Phys Ther. 2012;7(2):148.

Parchmann CJ, McBride JM. Relationship between functional movement screen and athletic performance. J Strength Cond

Res. 2011;25(12):3378-84.



