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Abstract

Purpose: To characterize the physical attributes, performance measures, and FMS scores of a cohort of D3
women’s soccer and volleyball players across the 2016-2017 athletic school year.

Methods: 17 SOC (18.9+0.3 yo) and 13 VB (19.3+ 0.4 yo) players consented to the study and injury history
was obtained before the season and then after. Athletes then performed pre-season FMS, a 3-site % body fat
(%BF) skin fold analysis, and performance testing. Performance testing included Vertical Jump (VJ) test,
Illinois Agility (1A) test, and 12x 20 m repeated sprint test (RST) with 20 sec recovery each sprint. FMS
testing and 3-site % body fat (%BF) skin fold analysis were performed 1-wk prior to in-season, twice in-
season, and 1-wk post season. A repeated measures ANOVA was run to compare differences between sports
at each time point of the study. Spearman correlations were run to examine the relationships between the
FMS and performance measures. All data are reported as means + SD, and all significance levels were set at
a=0.05.

Results: Players were of similar height but VB players weighed (76.5 + 2.1 kg) significantly (p<0.0001)
more than SOC (63.0 + 1.9 kg). %BF was significantly higher (p=0.0022) for VB (28.6 + 1.4% vs 22.2 +
1.3%), which resulted 5.8 kg greater fat free mass (FFM) for VB (p=0.0001). There were no significant
differences in any of the performance measures, however, the estimated power output for the VJ was
significantly higher (p<0.0001) for VB (3888.1 + 105.8 W) than SOC (3094.6 + 92.6 W). Pre-season FMS
showed that S players scored significantly higher (Tukey p < 0.05) in Squat (Sq) 1.7 + 0.2 vs 1.2 + 0.2,
Hurdle (Hd) 1.8 + 0.2 vs 1.1 + 0.18, and leg raise (ASLR) 2.59 + 0.14 vs 1.8 + 0.16 scores, but lower in
Lunge (Ln) 1.4 + 0.2 vs 2.1 + 0.2 and Push-up (PU) 1.3 + 0.1 vs 1.9 + 0.2. Total scores (S 12.9 + 0.6 vs V
12.3 + 0.6) did not differ. After 4-wk, S improved (p <0.05) Ln 2.4 + 0.2, PU 2.2 + 0.1, and Total scores 15.5
+ 0.5, while V scores failed to improve. %BF appears to negatively impact FMS squat (R?*=-0.40, p=0.0029),
hurdle (R*=-0.37, p=0.0057), and inline lunge (R?*=-0.33, p=0.0153), but not total FMS scores (R*=-0.22,
p=0.1108).

Conclusion: There appears to be significant disparities in FMS scores among D3 women but little difference
in performance measures. The negative relationship between %BF and lower FMS scores supports prior
research that increased BF limits movement quality and increases risk for injury.

Keywords: Division 11, FMS, NCAA women, functional movement screen, performance
Abbreviations: NCAA — National Collegiate Athletic Association, D3 — Division Ill, FMS — Functional
Movement Screen, SOC — Soccer, VB — Volleyball, PRE — Pre-season, MID — Mid-season, POST — Post-

season, %BF - % Body Fat, VJ — Vertical Jump, IAT — lllinois Agility Test, RST — 12 X 20 m Repeated Sprint
Test, ASLR — Active Straight Leg Raise

1. INTRODUCTION population, the account for more than half of all
reported injuries; [2] 55% of all injuries among
women soccer and volleyball players were
lower extremity. [3, 4] However, while injury
data for D3 athletes is relatively common,
physical and performance norms are lacking.
During the competitive season, coaches often
aim for achieving peak performance.

The National Collegiate Athletic Association
(NCAA) reports that more than 194,000 student
athletes participated in Division Il athletics in
2016-2017, which accounts for nearly 40% of
all NCAA athletes. [1] While women make up
about 40% of the Division Il (D3) athletic
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Unfortunately, athletes often achieve high-level
performances utilizing dys functional movement
patterns that can increase an athlete’s injury
risk. Functional, symmetric movement, a
balance between optimal mobility and stability
while performance fundamental movement
patterns, may be critical to both reducing injury
risk,[5, 6] and possibly influencing performance
of sports-related skills.[7, 8]While it seems
plausible that deficits in strength, mobility, or
motor control  could adversely impact
performance, data are scarce for D3 athletes
regarding physical characteristics, skill-related
performance, or functional movement patterns.

The functional movement screen (FMS) is a
valid and reliable tool for assessing fundamental
movement  patterns.[5,6] Therefore, the
purposes of this study were to characterize the
physical attributes, performance measures, and
FMS scores of a cohort of D3 women’s soccer
and volleyball players across the 2016-2017
athletic school year. We hypothesized that
higher body fat levels would relate to lower
FMS scores, and that lower FMS scores would
relate to lower performance measures. We also
expected to see significant differences in
physical and performance characteristics
between soccer and volleyball players.

2. MATERIALS AND METHODS

All testing procedures were reviewed and
approved by the Ferrum College IRB prior to all
recruitment and data collection, and each
participant received instructions on the study
and signed informed consent documents. All
recruits were active participants in the 2017
NCAA D3 athletic season. Seventeen soccer
(SOC) (18.9+0.3 yo) and 13 volleyball (VB)
(19.3+ 0.4 yo) players completed informed
consent and were enrolled. Injury history was
obtained before and after the season using proxy
submission from the athletic training staff at
Ferrum College. All testing was completed 1-
week prior to the season (PRE), 5 weeks into the
season (MID) — FMS only, and within 1-week
after the season (POST).

FMS testing was completed as described in the
FMS manual by trained technicians.[9]
Administration was done using the same
provided script in the manual. The screen was
performed before any warm-up exercise and
with brief familiarization of the protocol. The
seven movements included the overhead squat,
hurdle step, lunge, shoulder mobility, active
straight leg raise, push-up, and rotary stability.
Each movement was scored as 3, 2, 1, or 0. A
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score of 3 indicates that the movement was
completed both pain-free and  without
compensation. A score of 2 indicates that the
movement was completed pain-free but with
some level of compensation or aid, and a score
of 1 indicates that the client could not perform
the movement. A score of 0 was only assigned
to a movement that induced pain. Because of the
relationship between neuromuscular asymmetry
and injury risk, the FMS scoring system
highlights asymmetry and takes the lowest score
of 2 as the overall score for that movement. For
example, an active straight leg raise score of 3/3
on the left leg and 2/3 on the right gives an
overall score of 2/3 on the active straight leg
raise movement. The FMS was the only
evaluation completed during the MID time
period.[9]

A 3-site body fat skinfold analysis was typically
completed after the FMS. Skinfold analysis was
completed as outlined in the ACSM Guidelines
(2017) and all skinfold measurements were
taken by the same skilled technician (CRH);
body density was calculated from the tricep,
suprailiac, and thigh sites, while body fat was
estimated using the Siri equation.[10]

Performance testing was completed 1-wk prior
to in-season (PRE) and 1-wk post season.
Testing included a standard best of three trial
vertical jump (VJ) test[11] using a Vertec (Jump
USA, Sunnyvale, CA), a best of three trial
Illinois Agility test (IAT),[12] and 12 X 20 m
repeated sprint test (RST) with 20 sec recovery
each sprint.[13] For the RST, subjects will be
given an audible alarm to signal each sprint,
with timing beginning at the alarm and ending
after the athlete crosses the line. Both IAT and
RST were timed by the same researcher (CRH)
using a standard stop watch. To optimize
motivation and effort, athletes were paired
during the RST. Average power (W) for VJ was
calculated using the Lewis Formula as described
by Harman et al. (1988)[14] and as follows:

Avg. power (W) = 21.2 (jump height (cm)) +
23.0 (body mass (kg))-1,393

3. STATISTICAL ANALYSES

Data were analyzed using Jump 13.0 software
(SAS Institute Inc., Cary, NC). All data are
presented as means + SD. A repeated measures
ANOVA was run to compare differences
between sports at each time point of the study.
Spearman correlations were run to examine the
relationships between the FMS and performance
measures.
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4. RESULTS
All data were reviewed and normally
distributed.  Tablel  summarizes  subject

characteristics and FMS data for each test

period. VB players were significantly heavier
with a higher %BF PRE and POST season, and
there was a non-significant trend toward higher
%BF across the season.

Tablel. Changes in functional movement screen scores over the course of one competitive season. *Denotes
significant difference between Soccer (SOC) and Volleyball (VB) at p <0.05. ADenotes significant increase

from Pre at p <0.05.

Soccer Volleyball # Asymmetries
(SOC) (VB) SOC VB
Age (yrs) 18.9+0.3 19.3+0.4
Height (m) 1.67 + 0.02 1.67 + 0.01
Pre 63.0 + 1.9 76.5+2.1 *
Weight (KG)
Post 63.5+1.9 78.6 +2.9 *
Pre 216+1.2 28.8+ 1.3 *
Body Fat %
Post 23.3+1.3 30.1+1.3 *
Pre 1.71+0.14 1.21+0.15
Squat Mid 1.76+0.14 1.42+0.16
Post 2.00+ 0.14 2.00+ 0.21 +
Pre 1.76+0.14 1.14+ 0.15 3 4
Hurdle Mid 1.76+0.14 1.67+0.17 4 4
Post 1.93+0.15 1.71+ 0.22 2 1
Pre 1.41+0.19 2.07+ 0.21 6 4
Lunge Mid 2.41+0.19 2.25+0.23 5 2
Post 2.47+0.20 2.43+0.30 5 0
Pre 2.41+ 0.13 2.14+0.15 3 8
Shoulder Mobility | Mid 2.71+ 0.13 2.42+0.16 3 6
Post 2.73+0.14 2.57+0.21 2 3
Pre 2.59+ 0.13 1.79+ 0.15 * 5 5
Active Straight Mid 2.82+0.13 2.17+ 0.16 * 2 2
Leg Raise Post 2.93+ 0.14 2.71+ 0.21 + 0 2
Pre 1.29+ 0.13 1.93+0.14 *
Push-up Mid 2.18+0.13 1.92+0.14
Post 2.27+0.14 2.14+0.20
Pre 1.76+ 0.09 2.00+0.10 2 0
Rotary Stability Mid 1.82+ 0.09 1.92+0.11 1 0
Post 2.00+0.10 1.86+ 0.15 0 1
Pre 12.94+ 0.46 12.29+ 0.51
Total Score Mid 15.47+ 0.46 13.75+ 0.55
Post 16.33+ 0.50 15.43+ 0.72 +

4.1. Fms Scores

SOC demonstrated significantly better active
straight leg raise (ASLR) scores at pre and mid-
season than VB. Overall, FMS scores trended
upward across the season, with SOC
significantly improving lunge and push-up
scores, while VB significantly improved squat
and ASLR scores by the end of the season. Both
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group’s total score improved by post-season
testing. There appears to be an inverse
relationship between %BF and the squat, hurdle,
and ASLR tests, suggesting the increased body
fat influences movement quality (Figure 1).
%BF did not correlate with total FMS scores
(R?=-0.22, p=0.1108). Right-Left asymmetries
did not appear to relate to FMS score trends.
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Figurel. Spearman correlations for the relationship between Body Fat% on the FMS Squat (A), Hurdle Step
(B), Active Straight Leg Raise (C), and Inline Lunge tests (D).

4.2.Performance Testing

PRE and POST testing results are summarized
in table 2. Vertical jump (cm) did not differ
between SOC and VB, but estimated \VVJ power

Output was significantly higher for VB at both
test periods. There were no other differences
between SOC and VB at either time point.

Table2. Comparative data for Pre and Post testing by sport.
*Denotes significant difference between Soccer (SOC) and Volleyball (VB) at p <0.05. Pre vs post changes

denoted by % change at p <0.05.

Pre vs Post
Pre Post % change
Weight (KG) SOC 63.0+1.9 63.5+1.9
VB 76.5+2.1 78.6+2.9
% Fat SOC 216+1.2 23.3+1.3
VB 28.8+1.3 30.1+21
Vertical Jump (cm) | SOC 38.4+17 39.1+1.7
VB 411+18 417+29
Vertical Jump (W) SOC 3106.1 + 113.3 3187.8+ 113.3
VB 3888.7 + 121.7 3977.3+196.2
Illinois Agility (s) SOC 19.74 + 0.32 19.29 + 0.32
VB 20.18 +0.34 20.18 + 0.55
RST Total Time (s) SOC 53.12+ 0.9 49.71+0.9 -6.4%
VB 52.51 + 0.9 50.96 + 1.5
RST AVG Time (s) | SOC 4.43+0.07 4.14 +0.07 —6.5%
VB 4.44 +0.08 4.25+0.13
RST Best Sprint (s) | SOC 3.95+ 0.08 3.67 + 0.08 -7.1%
VB 3.95+0.08 3.92+0.13
Only SOC showed improvement in any to 2.7% for VVB. Spearman correlations indicate

performance test from pre to post season. Total,
average, and best sprint times during the RST
all improved significantly for SOC, with an
overall improvement of about 6.7%, compared

FMS Score  ° | *

R*=-0.31 S
0 p=00321 =

—~ A

35 4 45 5

that both Lunge and Total FMS scores were
moderately related to Total, AVG and Best RST
performance (Figures 2-4).
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Figure2. Spearman correlation between combined Lungescore (Lunge F) and Total RST sprint time in sec (A),

and total FMS score and Total RST sprint time (B).
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Figure3. Spearman correlation between combined Lunge score (Lunge F) and AVG RST sprint time in sec (A),

and total FMS score and AVG RST sprint time (B).
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Figure4. Spearman correlation between combined Lunge score (Lunge F) and Best RST sprint time in sec (A),

and total FMS score and Best RST sprint time (B).

Squat was inversely related to AVG (R2 = -
0.33, p=0.0281) and Best RST (R2= -0.42,
p=0.0029), while ASLR was inversely related to
AVG RST (R2= -0.31, 0.0276). No other
relationships were observed.

5. DISCUSSION

To our knowledge, this is the first study to
clearly define physical, performance, and FMS
characteristics for contemporary D3 women
SOC and VB players. The main purpose of this
study was to characterize the physical attributes,
performance, and FMS scores for a cohort of D3
women’s soccer and volleyball players. In our
cohort of D3 women athletes, there was little
differentiation between athletes in common
skill-related performance measures, despite
significant differences in %BF and body mass.
The inverse relationship between %BF and
lower FMS scores in some tests suggests that
reducing body fat could improve performance
measures. Furthermore, the FMS may be useful
in identifying potential skill-related performance
decrements in similar athletes.

The major findings of this study were that there
appear to be few distinguishing characteristics
between SOC and VB in this cohort. While both
body mass and % BF were significantly higher
for VB players, other performance measures
including VJ, IAT, and RST results failed to
differentiate between the two sports. It is worth
noting, however, that average power for VJ was
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significantly higher for VB, actual VJ height
was similar, likely owing to the fact that VB
players were more than 13 kg heavier. Across
the season, SOC showed a significant
improvement in RST times from PRE to POST,
likely related to the greater sport-specific
demands of the sport.

These sport data do, however, differ from values
reported for higher level (e.g., elite national, D1,
etc...) players. For example, VB players is this
study had more than double that reported by
Maly et al. [15] for national level players. More
interesting, however, is that this cohort
performed similar to a group of early teen
female VB players.[16] Our SOC group also
showed large disparities in performance
compared to D1 players; IAT times were nearly
double, while VJ height was 14 cm lower.[17]
The obvious conclusion is that these differences
highlight some of the requisite abilities needed
to perform at higher levels. However, it also
underscores the opportunity for  better
conditioning programs for D3 athletes. For
example, after accounting for the higher %BF in
our VB players, they still had a significantly
higher fat free mass, indicating that significant
improvements in VJ could be obtained through
even small reductions in body fat.

Another interesting finding, perhaps owing to
the lack of performance distinction between
sports, there were few differences in FMS
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scores either. In fact, only the active straight leg
raise (ASLR) and push-up showed any
differences; SOC players demonstrated higher
scores at PRE and MID, but not at POST
testing, while VB scored higher on the push-up
at PRE. There were no differences in the FMS
total score for any time period. One interesting
finding, however, was that both athlete groups
saw low individual FMS tests improve by the
MID or POST test period. These findings are
similar to those reported by Sprague et al. [18]
in D2 women SOC and VB players. For
instance, they too saw improvements in squat
and in-line lunge scores, as well as total scores
on par with our results. They also reported
reductions in the number of asymmetries. It has
been surmised that that asymmetries predispose
athletes to injury,[19] thus reductions in
asymmetries and improvement in total scores
indicate that participation in sport may itself
improve overall functional movement patterns.
Moreover, our data enhances the suggestion that
movement patterns influence performance
measures.

Among our data, we noted that RST inversely
related to inline lunge scores. These findings are
in contrast to previous studies in which the
inline lunge was not observed to have a
relationship to sprint velocity.[7, 20, 21]These
observations may be disparate due to the
specific sprint testing that was utilized between
studies. Hartigan et al. [21] assessed maximum
36.6 meter sprint time, Lockie et al. [20]
measured maximum multidirectional speed and
jumping, and Lockie et al. [7] measured
maximal 20 meter sprint time and change of
direction speed. However, this study assessed
anaerobic repeated sprint performance.[13]The
inline lunge requires single leg stance and
reciprocal hip control within a closed kinetic-
chain position.[22] Furthermore, the inline
lunge tests evaluates the ability to decelerate
and single leg stance efficiency.[9] As a result,
the inline lunge test may assess an athlete’s
efficiency during sprinting compared to overall
sprint velocity.

Prior research also suggested that body fat
negatively influences FMS test scores.[23]
While we failed to note a link between %BF and
total score (R?=-0.22, p=0.1108), there was a
significant inverse relationship between the
squat, hurdle step, and ASLR tests, suggesting
that increased body fat alters mobility, but not to
overall FMS scores, only partly supporting
earlier research in D2 athletes. [6] There were
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limitations to this study. This exploratory
analysis had a relatively small sample size.
There is currently a paucity of D3 reported
athletic performance data. Thus, while this
investigation reports the performance and
resiliency of these D3 athletes, further research
with higher power is necessary to Dbetter
comprehend women’s D3 athletic performance.
Furthermore, due to NCAA D3 regulations, [24]
strength and conditioning and other forms of
extracurricular training are voluntary. As a
result, while practice and games are mandatory,
the heterogeneity in training strategies does not
allow to fully control and quantify each
individual’s total training load and the effects
this has on physical attributes and performance.

6. CONCLUSION

In conclusion, among D3 women soccer and
volleyball players, the FMS may be a useful tool
for identifying movement pattern issues and
potentially minimizing possible injury risk. Our
data also suggest, that among some D3 athletes,
there is a considerable gap in performance
between even some youth level players, and
that both soccer and volleyball players have
significantly higher body fat levels. Higher %
BF appears to reduce the quality of movement
patterns and both may relate to the lower
performance indices seen. While it must be
noted that the obvious limitation of this study is
the relatively narrow sample population, making
definitive conclusions difficult. The overarching
recommendation, however, is that there is a
clear need for improved conditioning programs
at the D3 level.
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