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Background

The functional movement screen (FMS™) and Y-balance test (YBT) are commonly used to
evaluate mobility in athletes.

Purpose

The primary aim of this investigation was to determine the relationship between
demographic and anthropometric factors such as sex, body composition, and skeletal
dimension and scoring on YBT and FMS™ in male and female professional soccer
athletes.

Study Design

Cross Sectional

Methods

During pre-season assessments, athletes from two professional soccer clubs were
recruited and underwent body composition and skeletal dimension analysis via
dual-energy X-ray absorptiometry (DEXA) scans. Balance and mobility were assessed
using the YBT and FMS™. A two-tailed t-test was used to compare YBT between sexes.
Chi-square was used for sex comparisons of FMS™ scores. Correlation analysis was used
to determine if body composition and/or skeletal dimensions correlated with YBT or
FMS™ measures. Type-I error; a=0.05.

Results

40 Participants were successfully recruited: (24 males: 27+5yr, 79+9kg; |16 females:
25+3yr, 63+4kg). YBT: Correlations were found between anterior reach and height
(r=-0.36), total lean mass (LM)(r=-0.39), and trunk LM(r=-0.39) as well as between
posterolateral reach and pelvic width (PW)(r=0.42), femur length (r=0.44), and tibia length
(r=0.51)(all p<0.05). FMS™: The deep squat score was correlated with height(r=-0.40),
PW(r=0.40), LM(r=-0.43), and trunk LM (r =-0.40)(p<0.05). Inline lunge scores were
correlated with height(r=-0.63), PW(r=0.60), LM(r=-0.77), trunk LM(r=-0.73), and leg
LM(r=0.70)(all p<0.05). Straight leg raise scores were correlated with PW (r=0.45, p<0.05).
Females scored higher for the three lower body FMS™ measures where correlations were
observed (p<0.05).
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Conclusions

Lower body FMS™ scores differ between male and female professional soccer athletes and
are related to anthropometric factors that may influence screening and outcomes for the
FMS™ and YBT, respectively. Thus, these anatomical factors likely need to be taken into
account when assessing baseline performance and risk of injury to improve screening

efficacy.

Level of Evidence
Level 3b

INTRODUCTION

Preseason screening for body composition, bone health,
range of motion, flexibility, balance, and multidimensional
hip strength have become common practice in several pro-
fessional and collegiate sport settings.! Athletic injuries
and the long-term sequalae that emerge as a result remain a
primary concern in athletics for coaches, trainers, physical
therapists, and physicians. In particular, soccer athletes of-
ten present with higher rates of injury relative to other team
based sports.2 When observing NCAA sports teams, both
women’s and men’s soccer are among the highest reported
rates of ankle sprains as well as quadriceps and hamstring
strains.3* Anterior cruciate ligament tears are also com-
mon, and have a four to six times higher incidence in fe-
male soccer players compared to males.>* Imbalances in
strength, flexibility, movement, and neuromuscular control
all pose as risks for athletic injuries which may adversely af-
fect both athletes and their teams through time lost from
playing, suboptimal team performance, and difficulties re-
turning to preinjury performance level. As a result, many
professional and collegiate sports teams have adopted the
practice of preseason movement and balance screening for
the purpose of injury prevention.>6

The Y-balance Test (YBT) and Functional Movement
Screen (FMS™) are two common measures performed to
evaluate dynamic flexibility and stability.! The YBT can be
used for evaluation of both the upper extremity and lower
extremity. The lower quarter YBT (LQYBT), was derived
from the Star Excursion Balance Test (SBET) used to eval-
uate lower extremity balance and stability with multidi-
rectional reaches.” The FMS™ seeks to identify functional
limitations or asymmetries through the evaluation of move-
ment patterns that together measure range of motion, sta-
bility, and balance.*3-11 During the FMS™, athletes per-
form a series of seven tasks (deep squat, hurdle step, in-line
lunge, shoulder mobility, rotary stability, active straight leg
raise, trunk stability pushup) and are scored on a criterion-
based Likert scale based on their performance for each
task.?10 These scores are used to derive a composite score.
Both assessments have been designed to provide athletic
trainers, coaches, and physicians with baseline metrics for
tracking player mobility and function throughout a sport
season and during rehabilitation from injury.

The YBT and FMS™ have generally been utilized as one-
size—fits-all assessments. While numerous studies have ex-
amined the utility of YBT and FMS™ as injury prediction
tools, conclusions of these studies remain inconsis-
tent.1,12,13 This inconsistency may be in part due the homo-
geneity of many of the study populations, often only includ-

ing participants of a single sport, sex, or profession without
taking into account other potential variables that may in-
fluence scoring. With regard to sex, body composition, and
skeletal dimensions (bone length, pelvic width, etc.) little is
known about how these variables may impact the conclu-
sions of these assessments. Such information may help re-
fine current testing protocols and increase the clinical rel-
evance of screening in assessment of baseline performance
and injury risk. Therefore, the primary aim of this inves-
tigation was to determine the relationship between demo-
graphic and anthropometric factors such as sex, body com-
position, and skeletal dimension and scoring on YBT and
FMS™ in male and female professional soccer athletes. The
authors hypothesized that YBT and FMS™ scores would dif-
fer between male and female professional soccer athletes
and that variables such as body composition and skeletal di-
mensions would correlate with test scoring and interpreta-
tion.

METHODS
STUDY DESIGN

This study was a single timepoint cross sectional design
and the following protocol was approved by the Houston
Methodist Institutional Review Board for research involving
human subjects. All participants provided informed consent
prior to participation.

PARTICIPANTS

Professional soccer athletes (Major League Soccer, MLS®;
National Women’s Soccer League, NWSL®) from two sepa-
rate clubs were recruited to participate in this investigation
during each team’s preseason evaluations and screening.
Both professional organizations were local to the research
team. All active roster athletes without ongoing injury
(lower extremity injury resulting in activity limitation < six
months prior) or other limitations were offered participa-
tion to which none declined consent. These athletes were to
undergo other preseason multidisciplinary screening mea-
sures on the same day, independent of this investigation.
All screening took place in the same location using the
same licensed physical therapy team during all evaluations.

PROCEDURES

On the morning of the study, all subjects underwent body
composition and skeletal analysis assessed with a DEXAs-
cans (Lunar iDXA, GE®, Boston MA) scan. Full body scans
were obtained. Imaging software (Image], Version

International Journal of Sports Physical Therapy



Sex-related Anthropometrics in a Lower-Body Mobility Assessment Among Professional Soccer Athletes

Posteromedial

N

Figure 1. Y-Balance test performance.

1.8.0-172, NIH) was later used (in a similar manner to
Stanelle et al.14) with full body DEXA scan images to quan-
tify trunk length, pelvic width, femur length, tibia length,
shoulder width, humerus length, and radius length. Bilat-
eral measurements of the extremities were averaged and
demonstrated interclass correlation coefficients of >0.95 for
all measures. All measures were performed and recorded
by the same team of three trained laboratory technicians.
Lower body balance and stability were assessed using stan-
dard YBT and FMS™ protocols.% 15

Dynamic balance was measured using the YBT (Figure 1)
using the Y-Balance Test Kit™ (Functional Movement Sys-
tems, Chatham, VA). Athletes were instructed to balance
on one leg while simultaneously reaching as far as possible
in three different directions: anterior, posteromedial, and
posterolateral. This was performed bilaterally, and distance
reached in each direction was recorded. A sum of the total
reach distance was done for each leg and normalized to the
respective limb length to form a composite score.

The FMS™ was then conducted with the athletes. The
seven tasks were scored individually on a scale of 0 (worst) —
3 (best) depending on athlete performance quality for each
screening movement (Figure 2). Specific criteria for each
movement have been previously published.? A score of 3 in-
dicates that the athlete was able to perform the movement
as directed without compensation. A score of 2 indicates
that the athlete performed the movement but with compen-
sation or imperfection. A score of 1 indicates that the ath-
lete was unable to perform the movement. A score of 0 was
used if the athlete experienced any pain during the move-
ment regardless of the quality.

STATISTICAL ANALYSIS

Independent samples two-tailed t-tests were used to com-
pare body composition, YBT score, bone length, bone
width, and trunk length between sexes. Chi-square analysis
was used for comparison of FMS™ test scores between
sexes. In instances where significant pair-wise comparisons
were observed, effect sizes were calculated using either a
Cohen’s d statistic (t-test) or a Phi Statistic (Chi-square)

A

ﬂ ;

Posterolateral
|

whereby effect sizes (ES) were interpreted as follows:
0.0-0.1, Negligible (N); 0.1-0.3, Small (S); 0.3-0.5, Moderate
(M); 0.5-0.7, Large (L); >0.7, Very Large (VL).16 Pearson’s
correlation analysis was used to determine if body composi-
tion and bone length was correlated with Y-balance scores.
Spearman’s Rank Order correlation was used for the same
analysis of ordinal FMS™ scores. Statistically significant
correlational strength was defined as weak (r < 0.4), mod-
erate (r = 0.4-0.7), and strong (r > 0.7). Type I error for all
analyses was set at a=0.05. Using a minimum detectable
difference of 10% in YBT scores and 30% in FMS™ classifi-
cation frequency between sexes as well as a minimum over-
all correlation strength of 0.3 for mobility measures at a
power of 0.80, it was determined a minimum sample size of
15 athletes would be required per group.

RESULTS

Twenty-four male (27£5y; 181.6 £ 8.1cm; 79.7 + 8.8kg) and
sixteen female (25+3 y; 168.1 = 5.8cm; 63.0 * 4.4kg) subjects
participated. Baseline demographics are shown in Table 1
where differences between sexes were observed for all de-
mographic variables (p<0.001) with the exception of BMI.

SKELETAL DIMENSIONS

Comparison of skeletal dimensions between male and fe-
male athletes are shown in Table 2 where significant dif-
ferences between sexes were observed for trunk length,
humerus length, shoulder width, radius length, pelvic width
below femoral head, femur length and tibia length (p<0.05).
No differences were observed between sexes for greatest
pelvic width.

FUNCTIONAL MOVEMENT SCREEN

Variables of skeletal dimensions were observed to be signifi-
cantly correlated with FMS™ scoring for the deep squat, in-
line lunge, and straight leg raise (p<0.05). Moderate nega-
tive correlations were found between the deep squat score
and total lean mass (r = -0.43), trunk lean mass (r = -0.40),
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IN-LINE LUNGE: SHOULDER MOBILITY:

DEEP SQUAT:

- Upper torso parallel with tibia or - Minimal to no torso movement - Fists Within One
toward vertical - Feet remain in sagital plane of the 2x6 hand length

- Femur below horizontal - Knee touches 2x6 behind the heel of

- Knee aligned over feet the front foot

- Dowel aligned over feet

HURDLE STEP: ACTIVE STRAIGHT LEG RAISE
-The hips, knees, and ankles remain aligned in - Malleoi resides between mid-thigh
the sagital plane and anterior superior iliac spine

- Minimal movement in the lumbar spine
- Dowel and hurdle remain parallel

l’mmnmw—{
~H

TRUNK STABILITY PUSH-UP ROTARY STABILITY
- Males perform one repetition with the thumbs above head - Performes one unilateral rep while
- Females perform one repetition with thumbs in-line with chin keeping torso parallel to board

- Able to bring knee and elbow

together in line with board

Figure 2. Functional Movement Screening Tests & Scoring Criteria.

Photo examples of each test along with scoring criteria for a top score of “3” taken on a 0 - 3 rating scale.
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Table 1. Athlete Demographics.

ATHLETE DEMOGRAPHICS

Height (cm) Weight (kg) BMI (kg/m?) %Fat Lean Mass (kg)
Male (n=24) 181.6+8.1 79.7+8.8 24.1+10 148+ 3.6 64.7+8.1
Female (n=16) 168.1+5.8 63.0+4.4 223+14 21.0+29 47.3+3.7
Data are presented as means*SD
Table 2. Skeletal Dimensions.
SKELETAL DIMENSIONS (cm)
Trunk Length Humerus Length houlder Width Radius Length
Male 442+2.2 33.1+21 421+25 254+15
Female 41.1+15 30.6+1.8 374+1.8 228+1.3
p-value p<0.001 p<0.001 p<0.001 p<0.001
ESd 1.6 (VL) 1.3 (VL) 2.2 (VL) 1.9 (VL)
Greatest Pelvic Width Femoral Head Eemur Length Tibia Length
Male 272+17 15.3+14 46.6+2.4 40.0+2.2
Female 264+1.6 16.8+0.8 42.6+1.6 35.9+20
p-value NS p<0.001 p<0.001 p<0.001
ESd 1.3 (VL) 2.0 (VL) 2.0(VL)

Data are presented as means*SD for skeletal dimensions assessed using Image] software. Type I error set at a=0.05. Sig. = Significant differences between sexes denoted with p-values.
ES= Cohen’s d statistic for effect size calculated for significant pairwise comparisons: 0.0-0.1, Negligible (N); 0.1-0.3, Small (S); 0.3-0.5, Moderate (M); 0.5-0.7, Large (L); >0.7, Very

Large (VL)

Table 3. Functional Movement Screen.

Functional Movement Screen Scoring Frequencies
(1-3 Scale, % of Athletes Scored in Each Category)

EMS™ Deep Hurdle In-line Shoulder Straight Stability Rotary
Score Squat Step Lunge Mobility Leg Raise Pushup Stability
1 33% 8% 0% 14% 6% 6% 6%
Men 2 67% 75% 100% 50% 47% 56% 94%
3 0% 17% 0% 36% 47% 39% 0%
1 0% 0% 0% 0% 0% 22% 11%
Women 2 94% 63% 28% 44% 16% 44% 79%
3 6% 38% 72% 56% 84% 22% 0%
Eeo T Gam). NS NS

Data are presented as frequencies of men and women scoring in FMS™ classifications 1, 2, or 3. ES= Phi statistic for effect size calculated for significant pairwise comparisons: 0.0-0.1,
Negligible (N); 0.1-0.3, Small (S); 0.3-0.5, Moderate (M); 0.5-0.7, Large (L); >0.7, Very Large (VL).

and height (r = -0.40) (p<0.05). Moderate and strong neg-
ative correlations were observed between the in-line lunge
score and height (r = -0.63), total lean mass (r = -0.77),
trunk lean mass (r = -0.73), and leg lean mass (r = -0.70). A
moderate positive correlation was observed between pelvic
width and the deep squat (r = 0.40), in-line lunge (r = 0.60),
and active straight leg raise (r = 0.45) scores (p<0.05). For
each of the exercises mentioned (deep squat, in-line lunge,
and straight leg raise), the female athletes were observed to
score higher than the males (p<0.05). (Table 3).

Y-BALANCE SCREEN

Results for the YBT are shown in Figure 3. YBT measure-
ments were taken for reach in the anterior, posteromedial,
and posterolateral directions. No differences in Y-balance
measures were observed between sexes after normalizing
to individuals’ limb-length as is common in clinical assess-
ment. Weak negative correlations were found between an-
terior reach and height, total lean mass (r = -0.36), leg lean
mass (r = -0.39), and trunk lean mass (r = -0.39) (all p<0.05).
Moderate positive correlations were found between pos-
terolateral reach and pelvic width below the femoral head (r
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= 0.42), femur length (r = 0.44), and tibia length (r = 0.051)
(all p<0.05).

DISCUSSION

The YBT and FMS™ are frequently used measures that have
been suggested for use in predicting athletic injury risk of-
ten used in a one-size-fits-all manner. The primary aim
of this investigation was to determine the relationship be-
tween demographic and anthropometric factors such as sex,
body composition, and skeletal dimension and scoring on
the YBT and FMS™ in male and female professional soccer
athletes. Consistent with the hypothesis, several of these
factors were observed to be significantly correlated with test
performance. The findings of these study highlight possi-
ble sources of bias that may influence test scoring. Although
further study remains needed, the findings from this inves-
tigation provide potential target variables that may be fur-
ther explored and potentially incorporated into the devel-
opment of future screening tools.

SEX, BODY COMPOSITION, SKELETAL DIMENSIONS, AND
FMS™ SCORING

In this investigation, significant differences were found be-
tween male and female athletes for the FMS™ test with a
greater percentage of female athletes scoring in a higher
classification than male athletes for deep squat, in line
lunge, and straight leg raise (Table 3). While female athletes
may be scoring more favorably than their male counterparts
in these screens of fundamental movements, the literature
has several reports of higher rates of injury among female
athletes in comparison to male athletes.%17-20 Age] et. a]2!
reported that women sustain ACL injuries at higher rates
than their male counterparts in soccer, basketball, and
lacrosse. While the cause of such injuries seems to be multi-
factorial, the Q-angle, or the angle of the femur to the tibia,
has been loosely described as a potential contributing factor
to knee injuries. As observed in this study, females tend to
have greater pelvic width, resulting in greater Q-angle. Al-
though this metric may contribute to higher scores in lower
body mobility tests, it may also contribute to risk of knee in-
jury, though the causal aspect of this relationship has yet to
be confirmed.22 This indicates that other factors likely im-
pact scoring performance on these generalized assessments
which in turn may explain the reduced utility of assess-
ments such as FMS™ and YBT to reliably predict injury risk
or compare injury risk among athletes with differing mus-
culoskeletal builds. Based on the results of this investiga-
tion, the authors hypothesize that biomechanical features
that contribute to a lower center of gravity with a wider base
of support and lower mass represent a key source of FMS™
testing bias.20:23

Expectedly, differences were observed in body composi-
tion and musculoskeletal dimensions between sexes in this
study. Overall, the female professional soccer athletes had
reduced height, lower body mass, lower lean mass, wider
pelvic width, shorter femur length, and shorter tibia length
than the male professional soccer athletes. Based on the
given results, these factors likely contributed to a potential
anatomical advantage that resulted in greater FMS™ test

1.6
14 B Men O Women
12
1.0
0.8
0.6

Y-Balance Reach
(cm / Limb Length)

0.4

0.2

0.0

Anterior Posteromedial Posterolateral

Figure 3. Y-Balance Comparison.

Data are presented as means*95%CI for Y-balance measures taken from both the
male and female professional soccer athlete groups with no between-group dif-
ferences detected.

performance for the lower body. However, female soccer
athlete injury rates still remain different compared to male
athletes with non-contact injuries being more likely to oc-
cur in females and contact based injuries being more fre-
quent in males.321 Male athletes are also more likely to sus-
tain quadriceps strains while female athletes are more likely
to sustain hamstring strains.3%18.19 Lastly, sex-based dif-
ferences in muscle activation patterns during activity have
been previously observed.23 Padua et al.23 found that across
two-legged-hopping conditions the women demonstrated
46% more quadriceps muscle activity than men. Increase in
quadricep activation could lead to increasing levels of fa-
tigue, therefore putting women at a greater risk for injury.
Therefore, regarding the present results, rather than being
at reduced risk of injury, there may be a scoring bias in the
FMS™ screen that benefits female athletes due to certain
inherent anatomical features such as pelvic width, height,
and lean mass.

ANATOMICAL FACTORS ASSOCIATED WITH Y-BALANCE
PERFORMANCE

Similar to the FMS™, the YBT measures were correlated
with anatomical factors (lean mass and skeletal dimen-
sions) whereby less lean mass but greater pelvic widths pro-
duced higher measures (despite test measures being nor-
malized to limb length). In contrast to the FMS™ screen,
skeletal dimensions are somewhat incorporated into the
YBT (limb length).2425 The authors hypothesize that this
likely accounts for the lack of difference in YBT measures
between men and women (Figure 3). However, the results
still indicate that generalizing measures between those
with different musculoskeletal builds will likely result in
testing bias that cannot be accounted for by sex alone. In a
recent systematic review, Plisky et al.24 echo these findings
when assessing anterior reach and composite scores among
multiple studies.43 However, a large variability in each sex,
sport, and age/competition level was present in their in-
cluded studies, lending to the possibility in composite score
variance depending on the sex, sport, and competition level
when considered as a whole.24 These authors suggest nor-
mative data be established based on a multitude of these
factors, and future research should be performed using a
wide variety of populations.24
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FUTURE DIRECTIONS

Cumulatively, the findings of the present investigation sug-
gest that it may be of benefit for anatomical features not
typically considered in the FMS™ or the YBT to be incor-
porated, or considered in tandem with the respective tools.
Such factors may also be considered when tailoring exer-
cises to address mobility deficiencies as is common for
FMS™ screening.> Notably, data are currently conflicting
on whether or not FMS™ scoring are predictive of future in-
jury frequency.>26-28 For example, Moran et al.27 recently
performed a meta-analysis of 24 investigations and re-
ported that present data suggest that the use of FMS™ for
injury prevention in soccer athletes was ineffective and that
its efficacy was conflicting among in the literature among
other sports (American football, basketball, ice hockey, run-
ning, and first responders such as police and firefighters).
Therefore, it is possible that the anatomical scoring bias ob-
served here may have contributed to some of the lack of
predictive utility observed in other investigations. Future
research will need to determine how any additional metrics
may be best incorporated into algorithms to reduce scoring
bias in these types of athletic populations and whether or
not eliminating such bias will improve clinical utility for in-
jury risk assessment.

LIMITATIONS & CONCLUSIONS

This investigation is not without limitations. Data collec-
tion and access to professional athletes is often limited and,
although powered appropriately for comparisons in this in-
vestigation, participants were included from only two in-
dividual clubs which may limit generalizability across the
studied populations. Participants in this study ranged in
age from 22 to 32 years of age. This is a limited age range,
and the authors acknowledge that there may be develop-
mental differences in younger and older athletes that may
also be associated with performance in the measures ob-
served here. Although several factors were identified to be
associated with testing bias, it is not yet clear how or
whether these metrics should be incorporated into current
scoring systems for FMS™ and YBT and whether or not do-
ing so would significantly the value of these assessments
for injury risk screening. Therefore, further study will be re-
quired to examine which factors identified here may best

be incorporated into FMS™ and YBT to reduce scoring bias
and better predict injury risk. For example, evaluating the
collinearity between some of the measures (possibly due,
in part, to differences between sexes) reported on here in a
larger study cohort may help to reduce total number of ad-
ditional factors needed to reduce scoring bias. Lastly, while
data exists in previous literature regarding injury frequency
norms in male and female soccer athletes, the investigators
in this study were not able to access injury history informa-
tion on this group of athletes. Such information may have
assisted in determining whether FMS™ or YBT scores were
correlated with injury history across sports seasons.

CONCLUSION

In summary, the results of this study indicate that sex-
based differences observed between sexes for lower body
components of the FMS™ and YBT measures may be at-
tributed to anatomical variables such as height, lean mass,
and skeletal dimensions that impact both FMS™ and YBT
scoring, respectively. While the YBT and FMS™ were de-
signed to evaluate dynamic joint mobility and fundamental
movement competency, their use for potential risk for in-
jury based on a one-size-fits-all generalized criteria is ques-
tioned. These assessments are likely better suited for use on
a more individualized basis rather than comparing across
groups of athletes. Further research is needed to determine
if, and to what degree, sex, body composition, skeletal di-
mensions, and dynamic motion analysis might be incorpo-
rated in to scoring criteria or predictive modeling to en-
hance the use of these clinical assessments for predicting
risk of injury.
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