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Summary

Objective: To identify possible differences in movement quality through the functional movement screen (FMS) between
injured and non-injured adolescent acrobatic gymnasts in the last season.

Method: descriptive, comparative, cross-sectional study involving 20 adolescent female gymnasts divided into two groups, one
composed of 9 gymnasts who had suffered an injury in the last season (14,7£1,56) and the other composed of 11 gymnasts
who had not suffered any injury (13,9+2,25). The FMS battery was used, consisting of seven tests: deep squat, hurdle step,
in-line lunge, shoulder mobility, active straight leg raise, trunk stability in push-ups, trunk rotational stability.

Results: Of the nine gymnasts who had sustained an injury, 66.6% were located in the lower limb, ankles and knees. The
results of the total functional assessment of FMS using the Mann Whitney U statistic for independent samples showed no
statistically significant differences between groups (Z = -.393; p > 0.05), with the average range of FMS being similar in both
cases (10.05and 11.06 in injured and non-injured gymnasts respectively). It also showed the absence of significant differences
in each of the tests of the battery, and no relationship was found through Spearman’s R statistic, between the overall FMS
score and the group of injured gymnasts.

Conclusion: The results of the FMS total score were slightly higher in gymnasts who were not injured last season, as well as
slightly betterin all the lower body tests, hence the FMS can be used as a preventive programmed to detect possible deficiencies.

Evaluacion del functional movement screeny lesiones en gimnastas

Resumen

Objetivo: Identificar posibles diferencias en la calidad de movimiento a través del functional movement screen (FMS) entre
gimnastas adolescentes de acrobética lesionadas o no lesionadas en la Ultima temporada.

Método: Estudio descriptivo, comparativo y transversal donde participaron 20 mujeres adolescentes divididas en dos grupos,
uno compuesto por 9 gimnastas que habfan sufrido alguna lesion en la Ultima temporada (14,741,56) y otro por 11 gimnastas
que no habian sufrido ninguna (13,942,25). Se usé la baterfa FMS, compuesta por siete pruebas: sentadilla profunda, paso
de valla, estocada en linea, movilidad de hombro, elevacién activa de la pierna recta, estabilidad del tronco en flexiones,
estabilidad rotatoria del tronco.

Resultados: De las nueve gimnastas que habian sufrido alguna lesién, 66,6% se localizaron en el miembro inferior, tobillos
y rodillas. Los resultados de la valoracion funcional total del FMS mediante el estadistico U de Mann Whitney, para muestras
independientes no mostré diferencias estadisticamente significativas entre grupos (Z = -,393; p > 0,05), siendo el rango pro-
medio de FMS similar en ambos casos (10,05 y 11,06 en gimnastas lesionadas y no lesionadas respectivamente). Igualmente
arrojé la ausencia de diferencias significativas en cada una de las pruebas de la bateria, no encontrdandose ninguna relacion a
través del estadistico R de Spearman, entre la puntuacion global del FMS y el grupo de gimnastas lesionadas.

Conclusion: Los resultados de la puntuacion total del FMS fueron mayores en las gimnastas que no sufrieron lesion en la
temporada pasada, asi como ligeramente mejores en todas las pruebas del tren inferior. Sin embargo, estas diferencias no
fueron significativas. No existio ninguna relacion entre la puntuacién total del FMS y el grupo de gimnastas lesionadas.
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Introduction

Acrobatic gymnastics (AG) is a gymnastic discipline which joined
the International Gymnastics Federation in 1999 and is now consoli-
dated as an international competitive sport. It is essentially a highly
cooperative sport in which the gymnasts perform a conjunction of
technical movement and body movements set to music'.

The morphological profile for this discipline depends on the role
played by each gymnast. The smaller, younger, more agile ones are called
‘tops’and they perform elements of balance, flexibility or air jumps.The
‘bases’are those who support these elements or perform propulsions
and receptions of them'?. The competitive categories exclusive to
women are pairs and groups of three.

The risk of injury in these gymnasts is increasing due to the extre-
mely difficult motor skills involved in and great technical demands of
the discipline®. The most frequently reported injuries are in the lower
limbs, the most affected areas being the ankle and knee. The injuries
mostly consist of tendon and ligament injuries®®.

Specifically, in female gymnasts who perform this discipline, the
injuries most reported are in the lower limbs, with an emphasis on sprains,
followed by contractures and strains, which tend to be mild to moderate
interms of severity and occur during training?. Although these gymnasts
are fundamentally concerned about injury for the sake of their own health,
being an extremely cooperative sport in all its modalities, injury to an acro-
batic gymnast would also necessarily have an impact on their partners’
performance in the sport and could mean pulling out of competitions.

Of all the evaluation tests which aim to reduce the risk of injury in
athletes, Bennett et al? maintain that the Functional Movement Screen
(FMS) is becoming a key tool. It is a standardised evaluation method
through which movement quality can be categorised in a systematic,
reproducible, reliable and valid way. It serves to assess fundamental
movement patterns, motor control and movement quality, and allows
us to establish profiles and comparisons between athletes of the same
or different disciplines'®'".

It consists of seven specific movement tests related to stability,
mobility and balance which can detect the existence or not of possible
bilateral imbalances in each body segmentinvolved'#?, making it a po-
tential predictor of injuries'. The tests are simple, do not require much
time and space, require little material and their reliability is excellent
according to the meta-analysis carried out by Bonazza et al..

Although there exist controversies about its ability to predict
injury’®, several studies with judokas and CrossFit athletes''® have
reported its power as a key information tool for coaches so they can
intervene in their athletes'development or check if they have recovered
properly following injury'®.

Therefore, performing a functional evaluation with the FMS on a
group of adolescent gymnasts who had an injury the previous season
may allow us to analyse if they are more likely to suffer further injuries
or check if they have recovered properly.

The fact that the FMS offers the chance to evaluate core instability,
neuromuscular control, joint mobility and muscle imbalances allows us
to obtain valuable data on the deficits that these gymnasts may have so
we can address them better in the future with adequate rehabilitation
programmes aimed at reducing the likelihood of recurrence. The most
noteworthy limitations of this instrument in relation to the most frequent
injuries in acrobatic gymnasts are its inability to detect injuries in the
ankle area (an area extremely prone to injury in the discipline) and the
issue which exists regarding the shoulder test, because although the
bilateral information from the test can provide functional guidelines of
interest, it can also breed controversy as the score obtained may mean
a risk of injury or it may mean greater development of muscle mass in
the area”.

To date, we are only aware of the use of the FMS in one study
conducted in AG, but it only describes movement quality in a sample
of gymnasts who did acrobatics compared to others who did not20.
Hence, our objective was to use the FMS to identify possible differences
in movement quality between adolescent acrobatic gymnasts who had
been injured the previous season and others who had not.

Material and method

Participants

Descriptive cross-sectional, comparative study with the voluntary
participation of 20 female gymnasts between 12 and 17 years of age
(age= 14.3+1.97 years; weight= 50.4+8.98 kg; height= 1.59+.09; BMI=
19.53+1.78 kg/m?), all members of the same AG club in Granada. The
participants had experience in the discipline of 3+1 years and trained at
national competitive level 3 to 4 days a week for an average of 3+1 hours
per session. Of the total sample, 9 had suffered an injury the previous
season (one top and eight bases). The inclusion criteria were: adolescent
females, federated acrobatic gymnasts, who attended training regularly,
national level competitors; and as exclusion criteria: some type of current
injury preventing them from performing the FMS at the time of the
evaluation. Before starting the study, all the parents or legal guardians
of the gymnasts signed an informed consent where the objective of
this research and the procedure to be used was described. The study
respected the principles of the Declaration of Helsinki and was approved
by the Ethics Committee at the University of Granada (number 1.011).

Instrument and materials

To analyse the movement quality variable, the test used was the
FMS created by Gray Cook and Lee Burton in 1998, whose three fun-
damental objectives are: to evaluate basic movement patterns, detect
asymmetries and assess motor control?'.

The FMS consists of seven tests: deep squat, hurdle step, inline
lunge, shoulder mobility, active straight-leg raise, torso stability push-up
and torso rotary stability. The following materials were used to evaluate
the different tests:a 1.22 m dowel, two 0.61 m dowels, a 2x6 cm wooden
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plank, a rigid measuring rod and two high-definition cameras with 4K
recording technology to record the execution of the exercises.

For the injuries variable, a self-record sheet was handed out with
questions about the existence of injuries (type, severity and when they
occurred: training or competition) during the preparatory and compe-
tition period from October to June 2020/2021.

Finally, weight and height were used to calculate BMI. Weight was
determined with a TEFAL digital scale with an accuracy of 0.05 kg and
height was measured with a SECA 220 height rod with an accuracy of
1 mm. The two measurements were entered into the formula weight
(kg)/height (m)? to arrive at the BMI (kg/m?).

Procedure

First, informed consent was obtained from the club to which the
gymnasts belonged and the confidentiality of the results was emphasized.

The evaluation procedure was carried out at the beginning of the
season during a training session after a day of rest. First, they were given
a self-record questionnaire with questions about the existence or not
of injuries in the previous season. According to the data obtained, the
gymnasts were divided into two groups depending on whether or not
they had had an injury the previous season (in the last eight months),
corresponding to the preparatory and competition period. Before star-
ting, all the participants were informed about the evaluation procedures.
The evaluations were carried out individually, carrying out each of the
tests that make up the FMS three times. All the gymnasts followed the
same order of tests and the guidelines established by Cook?? to minimise
any possible bias or negative effect on the tests.

Both sides (left and right) were evaluated in all the tests except the
deep squat and torso stability push-up. The participants performed a
small dynamic warm-up before completing the FMS tests. They were
given verbal instructions for each exercise following the description
guidelines proposed by Cook?? and each participant had three oppor-
tunities for correct execution.

The maximum score which can be obtained in the FMS s 21 points,
three points being the maximum score per exercise. Three points were
awarded if the gymnast was able to perform the movement without
needing to apply any compensations, two points if she managed to
perform the movement applying one or more compensations, one
point if she could not complete the exercise and zero if she experienced
pain, regardless of whether she could complete the exercise. In the
bilateral tests, the lower score of the two was taken to calculate the
total FMS score'.

When the subject earns the maximum score in the screen, it can
be concluded that they have highly developed movement patterns
with no limitations on basic movements. If they get between 15 and
20 points, itis understood that they need to improve some weaknesses
found, but in general have an acceptable level of movement patterns.
Finally, if a subject’s score is 14 or lower, the subject’s situation is a cause
for concern or he/she is at risk of suffering an injury?2.

Assessment of the functional movement screen and injuries in gymnasts

Two different planes of movement (front and side) were digitally
recorded when the tests were performed by each participant and these
were analysed jointly by two evaluators with previous experience in
the use of the FMS?.

All the gymnasts had sufficient functional capacity to perform
each of the tests and were active, with optimal sports performance
within their competitive modality (pairs or groups of three) at the time
of recording.

Statistical analysis

Statistical analysis was conducted using SPSS version 22.0 (SPSS
Inc, Chicago, IL, USA). The descriptive data for each of the FMS tests
are shown with the mean and standard deviation. The frequency and
percentage values of all tests were also calculated, differentiating the
body side in the bilateral tests. Since the variables presented a non-
normal distribution, the Mann-Whitney U test was used to check the
FMS scores based on whether or not injuries had been suffered in the
previous season. The value of statistically significant difference between
groups (injured and uninjured) was shown whenever p <0.05. Finally,
correlational analysis was performed using Spearman’s rho to see
whether the overall FMS score was related to injury or non-injury in AG.

Results

As seen inTable 1, the injuries were mostly ligament injuries (n=7).
Meanwhile, six injuries (66.6%) were located in the lower limbs, the
knee (n=2) and ankle (n=4) being the most affected areas. Focusing on
these areas, the injured structures were the posterior cruciate ligament
in the knee (n=1) and the external lateral ligament of the ankle (n=4).
It is noteworthy that most of the injuries occurred in the dominant
segment (n=6).

All the injuries occurred during training (n=9) and none in compe-
tition. In terms of severity, most of the injuries were mild and moderate,
meaning the subject could not engage in sporting activity for one
week or less in 44.4% of the cases and between 9 and 20 days for the
other 44.4%.

Table 2 shows the descriptive statistics (mean and standard devia-
tion) and the differences in the scores obtained in each of the FMS tests
by the two groups (uninjured and injured). No significant differences
were observed in terms of the performance obtained in each of the
evaluation tests carried out by the gymnasts belonging to the two
groups evaluated.

Table 3 shows the frequency and percentage obtained in the
different tests. The great majority of the members of both groups got
the maximum score of 3 in all the tests. The score was never zero for any
of the gymnasts. The test with the lowest score was shoulder mobility,
which was worse in the non-injured than it was in the injured, although
without a significant difference.

Table 4 classifies the sample based on the total score obtained in
the FMS. As can be seen, all the gymnasts displayed an acceptable level
of movement quality.
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The Mann-Whitney U statistic for independent samples showed an

absence of statistically significant differences between the two groups

Table 1. Type of injuries, body region, location, severity and time

of injury.

Type of injuries Gymnasts injured
(n=9)

Torn ligament 1(11.1)
Sprains 6 (66.6)
Fissures and fractures 1(11.1)
Others 1(11.1)
Body region
Upper limb 3(33.3)
Trunk -
Lower limb 6 (66.6)
Location
Knee 2(22.2)
Ankle 4(44.4)
Waist 1(11.7)
Forearm 1(11.1)
Hand 1(11.1)
Severity
Mild 4 (44.4)
Moderate 4 (44.4)
Severe 1(11.1)
Time of injury
Training 9(100.0)
Competition =

(Z=-.393; p >0.05), with the mean rank of the FMS similar in both cases
(10.05and 11.06 ininjured and uninjured gymnasts, respectively). Finally,
Spearman’s rho statistic did not show a statistically significant positive re-
lationship between the variables overall FMS score and presence of injuries.

Discussion

The injuries in the group of gymnasts injured the previous season
chiefly affected the lower limbs, particularly knees and ankles, and
were mainly ligament injuries. These data confirm the results obtained
by different authors studying young acrobatic gymnasts®*#¢. 100% of
the injuries occurred during training and most were mild or moderate,
putting the subjects out of sports action for no more than three weeks,
during which time they were active and the injury did not excessively
impact their training. These data are in line with the results found by
Vernetta et al., Purnell et al, and Caine and Vernetta et al 362,

Regarding the movement quality data, it is worth highlighting ac-
ceptable FMS test levels in the entire sample, there being practically the
same movement quality in the non-injured gymnasts and no statistically
significant difference between the two groups in the overall FMS score
or each test taken independently. However, the values obtained in the
tests related to core stability, balance and neuromuscular control (hurdle
step, inline lunge and squat) show that the group which had had an
injury the previous season got a slightly lower score.

In our study, it should be noted that none of the gymnasts obtained
a total FMS score less than or equal to 14, which indicates that, according
to Cook et al. 2, neither of the groups had a greater risk of injury. Most of
the gymnasts in both groups obtained scores between 18 and 20 points,
corresponding to an acceptable level, these results being consistent with

Table 2. Comparison of the scores obtained in the different tests in the FMS according to the presence or not of injuries.

FMS test Not injured Injured p
(n=11) (n=9)

Deep squat 2.91+.302 2.78+.441 0.441
Hurdle step (right) 3.00+0.0 2.89+.333 0.269
Hurdle step (left) 3.00+.0.0 2.89+.333 0.269
Inline lunge (right) 2.91+.302 2.78+.441 0.425
Inline lunge (left) 2.91+.302 2.89+.333 0.884
Shoulder mobility (right) 2.09+944 2.33+.707 0.596
Shoulder mobility (left) 2.09+539 1.89+.782 0.489
Active straight-leg raise (right) 3+.0 3+.0 1

Active straight-leg raise (left) 3+.0 3+.0 1

Trunk stability push-up 2.55+.522 2.67+.5 0.592
Torso rotary stability (right) 2.64+.674 2.89+.333 0.354
Torso rotary stability (left) 2.73+.647 2.78+.441 0913
Total FMS score 19+1.26 18.89+1.61 0.710

*p < 0.005. **p < 0,001
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Table 3. Frequency and percentage of each score in the different tests in the FMS obtained by the sample.

Test Not injured Injured
N=11 N=9
0 1 2 3 0 1 2 3
Deep Squat - - 1 10 - - 2 7
9.1) (90.9) (22.2) (77.8)
Hurdle step (right) - - - 11 - - 1 8
(100) (11.1) (88.9)
Hurdle step (left) = = = 11 = = 1 8
(100) (11.1) (88.9)
Inline lunge (right) - - 1 10 - - 1 8
9.1) (90.9) (11.1) (88.9)
Inline lunge (left) - - 1 10 - - 1 8
9.1) (90.9) (11.1) (88.9)
Shoulder mobility (right) - 4 2 5 - 1 4 4
(36.4) (18.2) (45.4) (11.1) (44.4) (44.4)
Shoulder mobility (left) - 1 8 2 - 3 5 2
9.1) (72.7) (18.2) (33.3) (44.4) (22.2)
Active straight-leg raise (right) = = 11 = = = 9
(100.0) (100.0)
Active straight-leg raise (left) - - 11 - - - 9
(100.0) (100.0)
Trunk stability push-up - - 5 6 - - 3 6
(45.5) (54.5) (33.3) (66.7)
Torso rotary stability (right) - 1 2 8 - - 1 8
9.1) (18.2) (72.7) (11.1) (88.9
Torso rotary stability (left) - 1 1 9 - - 2 7
(9.1) 9.1) (81.8) (22.2) (77.8)

Table 4. Frequency and percentage of the total score obtained in
the FMS in all gymnasts divided according to the presence or not
of injuries.

FMS score Not injured Injured
N (%) N (%)
<17 1(9.1) 1(11.1)
18-20 8(72.8) 8(88.8)
21 2(18.2) 0(0)

those found in the studies by Vernetta et al,, Gil-Lopez et al. and Vernetta
et al.??% in adolescents engaged in sports such as judo, basketball
and AG, possibly due to the relationship between motor performance
in basic movement patterns and organised physical activities”. Taking
into account these scores, it can be assumed that the training to which
the different athletes in the above studies are subjected has a significant
effect on the most optimal FMS results?%2,

[tshould be noted that none of the gymnasts injured in the previous
season obtained the maximum score of 21 points, which was achieved
by two gymnasts from the non-injured group.

Regarding the results obtained in each of the tests, it can be
observed that the scores are very similar in the two groups, except in
those tests which involve the lower body (deep squat, right/left hurdle
step and right/left inline lunge), where the injured gymnasts got worse
scores, albeit without statistically significant differences. This may in part
be due to the fact that most injuries in these gymnasts were located in
the lower limbs, with the ankle and knee being the most affected areas.
Specifically, considering that 22.2% of the injuries were in the ankle and
44.4% in the knee, the slightly worse scores in the hurdle step and inline
lunge tests, which require knee, hip and ankle stability, according to Cook
etal?, could be to do with a small fault detected in these gymnasts in
relation to the ability to maintain stability in their lower limbs. In this
regard, Nadler et al*' recommend balanced mobility and stability work
centring on the foot, ankle, knee and hip joints to avoid imbalances and
possible injurious states in large chain exercises.

Regarding joint mobility, the two groups obtained the maximum
score of 3 points in the leg raise test on both sides, results which should
be expected due to the importance of the flexibility of the coxofemoral
jointin gymnastic sports*, coinciding with the maximum scores obtai-
ned in acrobatic gymnasts assessed using the FMS?,
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As for possible asymmetries in the five bilateral tests, in general
the gymnasts in both groups got very similar scores on both sides in
all the tests, except shoulder mobility, where slight asymmetries were
observed in those gymnasts who had been injured, with lower scores
onthe leftside. In these gymnasts, this could be justified by the fact that
they were all right-handed, since as Arango* indicates, athletes have
a natural tendency to reach higher amplitudes of movement with the
dominant limb due to repetition. In the specific case of AG, gymnasts
often perform specific technically very difficult movements with only
one arm. Therefore, it is essential to raise awareness among coaches
to encourage work on flexibility with the same intensity in both upper
limbs and avoid decompensations which could, in the long term, ma-
nifest themselves in the form of injury.

Finally, no relationship was found between the overall FMS score
and previous injuries. Since Cook et al.'? published the FMS, there have
been several controversies about its use as a tool for identifying the
risk of injury. Several studies have found a clear association between
FMS scores and the occurrence of injuries and significant differences
between injured and non-injured subjects in overall FMS scores'“**3¢,
Other studies, however, have not found such differences or association,
as was the case in the results of our study'#%/-%°,

Perhaps the differences not found between the two groups in
this study could be due to the lack of a larger sample. As indicated by
Alemany et al.®, several studies carried out these days use small samples
that are not statistically representative, which leads to a lack of associa-
tion between the risk of injury and the FMS. Another point could be the
criterion chosen to determine the group of injured subjects, because
they were gymnasts who had recovered from injuries suffered the
previous season. Additionally, the demanding neuromuscular training
that these gymnasts receive, acrobatic gymnastics being a sport that
requires a very high level of technical execution, may have influenced
the very acceptable FMS scores obtained in the two groups?#. Future
studies should investigate the ability of the FMS to identify the risk of
injury in a larger sample using prospective designs or retrospectively
by evaluating gymnasts recently injured prior to the FMS evaluation or
who are even in the recovery phase, aslong as evaluation is possible and
convenient. Likewise, it seems essential to observe the compensations
used in the execution of each FMS test.

Finally, with regard to BMI, it should be noted that the majority of
the gymnasts (75%) were classified as normal weight, thus obtaining
a healthy BMI, with only a low percentage of gymnasts with grade |
thinness (20%) and a single gymnast with grade Ill thinness according
to the indicators proposed by Cole et al“'.

The chief limitations of this study lie in the small size of the sample,
which means that the results cannot be generalised to the rest of young
gymnasts in this discipline.

Conclusions

In view of the above, we can conclude that the results of the total
FMS score were slightly higher in those gymnasts who had not suffered

injury the previous season. These gymnasts scored better in all the
tests except trunk stability in push-ups and torso rotary stability on
both sides. These differences, however, were not significant. Likewise,
there was no relationship between the total FMS score and the group
of injured gymnasts.

Practical applications

As a practical application, this series of tests is valid to establish
the functional profile of these gymnasts. It could, therefore, be used
as a basic tool for their coaches at the beginning of the season, sin-
ce it would allow them to identify limitations in certain movement
patterns in their gymnasts, design exercises which can correct those
deficits individually and reduce in part the risk of possible injuries*'.
Additionally, the five bilateral tests in the FMS can provide information
which may be valid in order to programme training aimed at achie-
ving symmetry between limbs and reducing possible future injuries.
Finally, it can be used to monitor fitness after an injury and define the
appropriate time for gymnasts to return to training, especially in the
case of knee injuries*.
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