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Preseason Functional Performance Test Measures Are Associated

With Injury in Female College Volleyball Players
Jason Brumitt, Alma Mattocks, Jeremy Loew, and Phil Lentz

Context: Preseason functional performance test measures have been associated with noncontact time-loss injury in some athletic
populations. However, findings have been equivocal with many studies consisting of heterogeneous populations. Objective: To
determine if preseason standing long jump and/or single-leg hop test scores are associated with a noncontact time-loss injury to
the lower quadrant (LQ =1low back or lower-extremities) in female Division III college volleyball (VB) players. Design:
Prospective cohort study. Setting: National Collegiate Athletic Association Division Il female VB teams. Patients: A total of 82
female college VB players (age=18.9 [1.0] y). Main Outcome Measures: Standing long jump and single-leg hop test measures
were collected at the start of the official preseason. Athletic trainers tracked all time-loss injuries and their mechanisms. Athletes
were categorized as at risk if their preseason standing long jump <80% height, bilateral single-leg hop <70% height, and had a
SLH side-to-side asymmetry >10%. Results: The noncontact time-loss overall injury rate for the LQ region in at-risk athletes was
13.5 (95% confidence interval [CI], 4.3-31.5) per 1000 athletic exposures. At-risk athletes were significantly more likely to
experience a noncontact time-loss injury than VB players in the referent group (rate ratio =6.2; 95% CI, 1.9-17.2; P =.008). The
relative risk of sustaining a noncontact time-loss injury to the LQ was 4 times greater in the at-risk group (relative risk =4.6; 95%
CI, 2.1-10.1; P =.01). At-risk athletes were 6 times more likely to experience a foot or ankle injury (relative risk =6.3; 95% CI,
2.1-19.2; P=.008). Conclusion: Suboptimal performance on a battery of functional performance tests is associated with a

significantly greater risk of noncontact time-loss injury to the LQ in female Division III college VB players.

Keywords: division III, risk factors, standing long jump, single-leg hop

Volleyball (VB) is played by millions of competitive and
recreational athletes throughout the world.! In 2017, over 27,000
female athletes competed at the college level in the United States
with the National Collegiate Athletic Association (NCAA) Division
I (D 1) level possessing the largest number of women’s teams (n =
437) and female athletes (n=6,971).2 Although not a contact sport,
VB players are at risk for noncontact overuse and traumatic inju-
ries.>7 Time-loss injury rates (ie, injury rates for the entire body)
have been reported for women’s college VB players. Practice injury
rates for female D III VB players were the highest during the
preseason (5.79 per 1000 athletic exposures [AE = participation in
1 practice or 1 game]) dropping to 2.60 per 1000 AEs during the
season and 1.00 per 1000 AEs in the postseason.* Game injury rates
for D Il VB are highest during the season at 4.0 per 1000 AEs
dropping to 2.57 per 1000 AEs in the postseason.*

A majority (more than 70%) of all time-loss VB-related injuries
occur in the lower-extremities and the trunk/back region.* The top 3
injuries experienced during college VB games are ankle ligament
sprains, internal derangement of the knee, and muscle-tendon
strains of the shoulder.* The top 3 injuries sustained during college
VB practices are ankle ligament sprains, muscle—tendon strains of
the upper leg, and muscle—tendon strains of the lower back.*

The competitive D III college season for VB occurs during the
fall academic term (late August to November). Due to NCAA rules,
D III coaches have approximately 2% weeks to prepare their
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athletes prior to the first game.® As previously mentioned, the
period of time that is associated with the highest rate of injury is
during the preseason.* This injury rate may be the result of athletes
failing to adequately train during the off-season (eg, unsupervised
summer months) and/or due to the training volume experienced
during the preseason (eg, daily double practices). Thus, identifying
at-risk athletes may help coaches and/or sports medicine profes-
sionals to intervene with an individualized injury prevention
training program.

A recent trend in sport science research is to prospectively
evaluate the effectiveness of functional performance tests (FPTs) to
discriminate injury risk in a population of athletes.”-!3 The afore-
mentioned prospective cohort studies have included VB players as
part of the total subject population.®~!3 Two of the aforementioned
studies evaluated the relationship between jump and hop measures
and injury.®!3 Asymmetrical hop distances® and suboptimal per-
formance on a battery of jump and hop tests!3 are associated with
greater injury risk in a heterogeneous population of female D III
athletes. However, a concern associated with utilizing a heteroge-
neous sample of athletes in these types of studies is the potential for
either underestimating or overestimating injury risk.® Thus, analy-
sis of injury risk, based on preseason FPT measures, for a homo-
geneous sample of athletes is warranted.

The purpose of this study is 2-fold. The primary purpose of this
prospective cohort study was to determine if the standing long
jump (SLJ) test and/or the single-leg hop (SLH) for distance test are
associated with noncontact time-loss lower quadrant (LQ =lower-
extremities and low back region) injury in female college VB
players. It was hypothesized that VB athletes with shorter jump
and/or hop distances would be at an increased risk for LQ injury.
The secondary purpose of this study was to report injury rates for
noncontact time-loss sport-related LQ injuries.
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Methods

Subjects

A total of 82 female college VB players (aged 18.9 [1.0] y) were
recruited from 6 NCAA D III teams from the Portland, OR region.
An athlete was excluded from study participation if she was either
(1) less than 18 years at the time of testing or (2) restricted from full
sport participation by either her team physician or her team athletic
trainer. The institutional review board of George Fox University
(Newberg, OR) approved this study. Informed consent was col-
lected from each athlete prior to study participation.

Testing Protocol

Volleyball athletes were tested at the start of the preseason with
testing occurring on a VB court. Each athlete completed a demo-
graphic questionnaire, had their height and weight measured,
performed a dynamic warm-up, and then performed the FPT
battery.!#-1¢ The following information was collected from the
demographic questionnaire: age, age starting sport, and years in
university/college. Next, anthropometric measures were collected
for height (cloth measuring tape affixed to a wall) and weight
(standard medical scale). A dynamic warm-up, consisting of active
movements for the LQ region, was performed for a 5-minute period
immediately prior to jump and hop testing. The active movements
performed during the dynamic warm-up consisted of the following:
forward walking, backward walking, heel walking, tip toe walking,
forward lunging, backward lunging, and high knee marching.’

Standing Long Jump

The SLJ test (also known as the broad jump) was performed first.!4-1¢
A cloth measuring tape was affixed to the floor by athletic tape.
Athletes were instructed to stand with feet positioned shoulder width
apart and behind the piece of tape. Athletes were also instructed to
clasp their hands behind their back for each jump.'4!¢ Athletes
performed 3 submaximal jumps followed by 3 maximal effort SLJ.
For a test to count, the athlete had to stick the landing for 5 seconds
while keeping their hands clasped behind their back.!+-1¢ A test was
repeated if the athlete failed to stick the landing for 5 seconds or if she
failed to keep her hands clasped behind her back.!4'¢ The SLJ
distance was measured from the starting line to the rearmost heel.
Mean scores, normalized to height, were used for statistical analysis
(normalization formula: athlete’s mean SLJ score/athlete’s height).
The primary investigator’s test—retest reliability (intraclass correla-
tion coefficients 3) for the SLJ (0.96; 95% confidence interval [CI],
0.83-0.97) has been previously reported.!”

SLH for Distance

A total of 6 SLH tests were performed; 3 per lower-extremity (LE).
A coin toss was performed to determine order of testing with each
trial alternating between LEs. Athletes were instructed to stand on a
single LE with her foot positioned behind the piece of tape.
Athletes were required to clasp their hands behind their back for
each SLH.!+16 A test was repeated if the athlete failed to stick the
landing for 5 seconds or if she failed to keep her hands clasped
behind her back.!'4-'¢ The distance hopped was measured from the
starting line to the heel. Mean scores for each leg, normalized to
height, were used for statistical analysis (normalization formula:
athlete’s mean SLH score/athlete’s height). The primary investi-
gator’s test-retest reliability (intraclass correlation coefficients 3)

for the (R) SLH (0.95; 95% CI, 0.89-0.98) and the (L) SLH (0.96;
95% ClI, 0.89-0.98) has been previously reported.!'”

Injury Surveillance

Injury records were maintained, starting with the first training session
after testing through the end of the season, by each university’s
athletic training staff. The VB team’s athletic trainer diagnosed each
injury and collected the following information for each injured athlete:
region of the body injured and the mechanism of injury (eg, contact or
noncontact). Only noncontact time-loss injuries to the low back or
lower-extremities were analyzed in this study. The operational defi-
nition of an injury was any muscle, joint, or bone injury to the LQ
region that occurred during practice or a game via a noncontact
mechanism that required the athlete to be removed from that day’s
event or prevented the athlete from participating in the subsequent
event.!%1° The primary investigator collected injury information on a
weekly basis to ensure data collection and accurate reporting.

Statistical Analysis

A minimum of 67 subjects were required to determine statistically
significant associations between FPT measures and noncontact
time-loss LQ injury (a priori sample size calculation was per-
formed, based on an alpha level of .05, power of 0.80, and relative
risk [RR] of 2.0).°

Descriptive statistics (mean [SD]) were calculated for athlete’s
age, the number of years in college/university, the age starting sport,
anthropometric measures, and normalized preseason FPT measures.
Jump and hop measures were normalized as a percentage of height.

Receiver-operator characteristic curves were calculated to
determine potential cutoff scores per each FPT. Analysis of
generated receiver-operator characteristic curves failed to identify
cutoff scores that maximized sensitivity (Sn) and specificity (Sp);
thus, previously reported cutoff scores for each functional test were
utilized.%!%13

Comparisons between at-risk/referent groups and between
injured/noninjured athletes for demographic measures and normal-
ized preseason FPT measures were calculated by performing
independent ¢ tests. “At-risk” athletes were defined as an athlete
whose preseason FPT measures were as follows: SLJ<80% of
one’s height, bilateral SLH <70% of one’s height, and a SLH side-
to-side asymmetry >10%. “Injured” athletes were defined as an
athlete who sustained a noncontact time-loss injury to the LQ
region during team practices or games.

Relative risk (RR) and 95% CI were calculated per individual
tests and per a combination of tests (eg, a battery of tests). Incidence
rates were calculated for the total population (N =82) and per at-risk
and referent groups. Rate ratios were calculated comparing injury
rates between at-risk and referent groups. (Note: RR and rate ratios
report different ratios. RR reports the difference in injury risk between
the 2 groups. The rate ratio compares the rate of injury between the 2
groups.) Rates for initial and subsequent noncontact time-loss LQ
injuries were calculated per 1000 AEs. Data analysis was performed
using SPSS Statistics 24 (IBM, Chicago, IL) and OpenEpi (for RR,
incidence rates, and rate ratios) with the alpha level set at .05.

Results
Table 1 presents demographic information and normalized FPT

measures for the entire population with comparisons between
injured and noninjured athletes and between VB players in the



Table 1 Demographic Information and Normalized FPT Measures for Female NCAA Division Ill VB Athletes
All VB VB athletes not VB athletes VB athletes VB athletes
athletes injured during injured during P referent at-risk group
Variable (N=82) the season (n=67) the season (n=15) value* group (h=76) (n=6) P value**
Age, y 18.9 (0.9) 18.8 (0.9) 19.0 (0.9) 5 18.9 (0.9) 19.0 (0.9) i
Years in college/university 1.9 (1.0) 1.8 (1.0) 2.1 (1.0) 4 1.8 (1.0) 2.2 (1.2) 3
Age starting sport, y 11.9 (2.2) 12.0 (2.0) 11.6 (3.0) 6 11.9 (2.0) 12.3 (3.8) 5
Height, m 1.71 (0.08) 1.70 (0.08) 1.72 (0.06) 5 1.70 (0.08) 1.75 (0.06) .1
Weight, kg 65.9 (7.6) 65.7 (1.5) 66.9 (8.0) 6 65.7 (7.4) 69.7 (8.6) 2
BMI, kg/m2 22.7 (2.7) 22.7 (2.7) 22.6 (2.8) 9 22.7 (2.7) 22.6 (2.5) 9
FPT measures, %ht
Standing long jump 0.82 (0.10) 0.82 (0.09) 0.82 (0.10) 9 0.82 (0.09) 0.72 (0.06) .01
(R) Single-leg hop 0.67 (0.11) 0.67 (0.11) 0.67 (0.11) 9 0.68 (0.10) 0.54 (0.12) .001
(L) Single-leg hop 0.66 (0.11) 0.66 (0.11) 0.65 (0.11) i 0.67 (0.10) 0.49 (0.15) <.001

Abbreviations: BMI, body mass index; FPT, functional performance test; ht, height; VB, volleyball. Note: Values are represented as mean (SD).
Note: *Independent ¢ tests; comparison between injured and noninjured VB athletes. **Independent 7 tests; comparison between at-risk and referent groups.

Table2 NoncontactLQ Injury Rates in Female NCAA Division lll Volleyball Players, At-Risk Group Versus Referent

Group
Total Referent group At-risk group
Category N AEs Rate N AEs Rate N AEs Rate Rate ratio (95% CI)
Onset
Initial 15 5509 2.7 (1.6, 4.4) 11 5204 2.1 (1.1, 3.7) 4 305 13.1 (3.5, 33.6) 6.2 (1.7-18.9)*
Subsequent 2 375 5.3 (0.9, 17.6) 1 309 3.2 (0.0, 18) 1 66 15.1 (0.2, 84.2) 4.7 (0.1-182.6)
Total 17 5884 2.9 (1.7, 4.5) 12 5513 2.1 (1.1, 3.8) 5 371 13.5 (4.3, 31.5) 6.2 (1.9-17.2)**

Abbreviations: AEs, athletic exposures; CI, confidence interval; LQ, lower quadrant; N, number of injuries; SLJ, standing long jump; SLH, single-leg hop. Note: At-risk
group: SLJ <80% height, (B) SLH <70% height, and SLH side-to-side asymmetry >10%.

Note: *P=.01. **P=.003.

at-risk and referent groups. There were no significant differences in
demographic or FPT measures between athletes based on injury
status during the season. There were significant differences in FPT
measures between athletes categorized into the at-risk and referent
groups. Athletes in the at-risk group had significantly shorter SLJ
(P=.005), (R) SLH (P=.001), and (L) SLH (P<.001) when
compared with those in the referent group.

A total of 17 (15 initial and 2 subsequent) noncontact time-loss
LQ injuries occurred during the study. Of the 15 initial injuries, 7
occurred in the thigh/knee region, 2 occurred at the leg, and 6 occurred
in the foot/ankle region. The time-loss injuries to the thigh/knee region
consisted of 2 hamstring strains, 2 anterior cruciate ligament sprains, 1
patella subluxation, and 2 knee sprains (not otherwise specified). The
diagnoses for the 2 leg injuries were medial tibial stress syndrome and
a leg strain (not otherwise specified). The diagnoses for the 6 injuries
in the foot and ankle region were 3 lateral ankle sprains and 3 foot
sprains. The 2 subsequent injuries were medial tibial stress syndrome
and a fibular fracture.

The overall noncontact time-loss LQ injury rate for the total
population was 2.9/1000 AEs (95% CI, 1.7-4.5; Table 2). Athletes
in the at-risk group were 6 times more likely to experience a
noncontact time-loss LQ injury than their counterparts in the
referent group (rate ratio=6.2; 95% CI, 1.9-17.2; P <.003). At-
risk athletes were also 6 times more likely to experience an initial
injury (rate ratio=6.2; 95% CI, 1.7-18.9; P <.01). There was no
difference in subsequent injury rates between groups.

Table 3 presents the RR associated with injury based on
individual FPT scores, asymmetry between lower-extremities
during the SLH and multiple FPT measures. Individual measures
(eg, shorter SLJ and SLH scores or a larger SLH side-to-side
asymmetry [>10%]) were not associated with a greater risk of
injury. Combining measures into a battery of tests did reveal
significant associations between injury and suboptimal scores. An
at-risk athlete (eg, suboptimal SLJ and bilateral SLH measures
combined with an SLH side-to-side asymmetry > 10%) was 4
times more likely (RR =4.6; 95% CI, 2.1-10.1; P =.01) of having
a noncontact time-loss LQ injury. The Sn and Sp associated with
this risk profile were 26.7 (95% CI, 7.8-55.1) and 97.0 (95% CI,
89.6-99.6), respectively. At-risk VB players were 6 times more
likely (RR=6.3; 95% CI, 2.1-19.2; P=.01) to experience a
noncontact time-loss injury to the foot and ankle region. The
Sn associated with suboptimal FPT scores and foot and ankle
injuries was 33.3 (95% CI, 7.5-70.0) and the Sp was 95.9 (95% (I,
88.4-99.1). No significant relationships were observed if the
athlete had suboptimal SLJ and SLH measures without a SLH
side-to-side asymmetry.

Discussion

Individual FPT measures (eg, SLJ test only or SLH test only) are
not associated with a greater risk of injury in D III female VB
players; however, suboptimal performance on a battery of FPT is



Table 3 Relative Risk for Noncontact Time-Loss LQ Injury Based on Preseason Functional Performance Test
Measures for Female NCAA Division lll Volleyball Players

Subjects All injuries, BRR (95% Cl) Thigh/knee RR (95% CI) Ankle/foot RR (95% CI)

Categories per category % all LQ injuries injuries, % thigh/knee injuries injuries, % ankle/foot injuries
SLJ

80% or more 42 17 1.0 (referent) 10 1.0 (referent) 7 1.0 (referent)

79% or less 40 20 1.2 (0.5-3.0) 5 0.5 (0.1-2.7) 15 2.1 (0.6-7.8)
(R) SLH

70% or more 31 13 1.0 (referent) 1.0 (Referent) 6 1.0 (referent)

69% or less 51 22 1.7 (0.6-4.8) 8 1.2 (0.2-6.3) 14 2.1 (0.5-10.0)
(L) SLH

70% or more 28 18 1.0 (referent) 11 1.0 (referent) 8 1.0 (referent)

69% or less 54 19 1.0 (0.4-2.7) 6 0.5 (0.1-2.4) 13 1.8 (0.4-8.2)
SLH side-to-side asymmetry

>10% 20 30 2.1 (0.8-5.1) 10 1.6 (0.3-7.8) 20 2.5 (0.7-8.4)

difference

10% difference 62 15 1.0 (referent) 6 1.0 (referent) 8 1.0 (referent)

or less
Combined categories

SLJ <80% and 31 26 1.9 (0.8-4.7) 6 0.8 (0.2-4.2) 19 3.3 (0.9-12.2)

(B) SLH <70%

Referent 51 14 1.0 (referent) 8 1.0 (referent) 6 1.0 (referent)

SLJ <80% and 6 67 4.6 (2.1-10.1)* 17 2.2 (0.3-16.1) 50 6.3 (2.1-19.2)**

(B) SLH <70%,

and SLH

side-to-side

asymmetry

>10%

Referent 76 15 1.0 (referent) 7 1.0 (referent) 8 1.0 (referent)

Abbreviations: CI, confidence interval; LQ, lower quadrant; RR, relative risk; SLH, single-leg hop; SLJ, standing long jump.

Note: *P=.01. **P=.01.

associated with an increased risk of injury to the LQ region. These
inexpensive and quick-to-administer tests could be included as part
of a preseason screening program to identify athletes who may be at
risk for a noncontact time-loss LQ injury during the season.
There are several important findings associated with this study.
First, female D III college VB players who present at the start of the
season with suboptimal scores on a battery of tests (eg, SLJ <80%
height, bilateral SLH <70% height, and SLH side-to-side asymme-
try >10%) had a greater risk of a noncontact time-loss LQ injury
than those in the referent group. The FPTs used in this study, the
SLJ and the SLH, are frequently used as clinical correlates for LE
strength.??-2* As previously mentioned, these quick-to-perform
tests do not require expensive equipment, thus potentially making
them ideal tests that can be administered by a certified athletic
trainer, a sports medicine staff member, or other members of the
coaching team. Second, the findings from this study highlight the
potential benefit associated with administering a battery of tests to
screen athletes for injury risk. There was no difference in individual
FPT measures between those who were injured during the season
and their uninjured counterparts. In addition, performance on an
individual test was not associated with an increased risk of LQ
injury. Once the at-risk profile was established, based on subopti-
mal performance on all of the tests, significant differences in
preseason FPT measures were observed between groups (at risk/
referent) and those in the at-risk group were at a greater risk for LQ
sports injury. Finally, this study presents novel injury rates for a

population of female D III VB athletes. These rates highlight the
relevance of identifying at-risk athletes. Previously reported rates
of time-loss injury in female college VB players was 4.01 (95% CI,
3.70-4.31) per 1000 AE during games and 3.70 (95% CI, 3.50—
3.89) per 1000 AE during practices; however, these rates included
all injury mechanisms (eg, contact and noncontact) and all loca-
tions of the body.* The incidence rates presented in this study are
novel because they (1) are restricted to the LQ region, (2) include
only noncontact-related injuries, and (3) allow for comparison
between athletes based on preseason FPT performance. The overall
noncontact time-loss LQ injury rate in this study was 2.9 (95% CI,
1.7-4.5) per 1000 AE; however, the overall LQ injury rate in at-risk
athletes was 13.5 (95% CI, 4.3-31.5) per 1000 AE. At-risk athletes
were significantly more likely to sustain a time-loss injury than
those in the referent group. Appreciating this difference highlights
the importance of identifying at-risk athletes and intervening with
injury prevention strategies.?

There are several strengths associated with this study. First,
this study utilized a prospective cohort design. A prospective
cohort design reduces the risk of bias that can occur when utilizing
other epidemiologic study designs.?® Second, this study utilized
tests that can be administered and interpreted quickly by sports
medicine professionals and/or coaches. These tests could be
administered to the athletes during the spring academic term prior
to the athletes leaving campus for the summer break. Athletes with
suboptimal jump and hop measures could be prescribed a targeted



off-season training program to increase their LE strength and power.
Third, the subject population consisted of a homogeneous popula-
tion of female D III athletes. To our knowledge, this is the first
prospective cohort study to assess injury risk based on preseason
FPT measures in a population of female D III college VB players.
Prior studies®!3 that have assessed injury risk in relation to presea-
son FPT measure(s) have included VB players as part of a hetero-
geneous population. Two of the aforementioned studies evaluated
the effectiveness of the SLJ and SLH to discriminate injury risk in D
IIT athletes.®-!3 The SLJ and SLH tests, as individual measures, were
not associated with a greater risk of injury in a heterogeneous
population of female D III athletes.” However, female D III college
athletes who had a SLJ > 80% height, bilateral SLH > 65% height,
and a time >118 seconds on the LE functional test were 9 times more
likely (odds ratio=9.7; 95% CI, 2.3-39.9; P=.002) to sustain a
time-loss LQ injury.!® This study highlights the importance of
developing a risk profile based on several measures associated
with athletic performance (eg, strength, speed, agility, etc.).

There are a few limitations associated with this study. First, this
study only consisted of female D III college VB players; thus, the
risk profile may not be generalizable to other levels of competition.
Second, although at-risk athletes had a significantly greater risk of
injury than athletes in the referent group, this risk profile failed to
account for all potential noncontact time-loss-related injuries. There
were a total of 15 initial time-loss-related LQ injuries that occurred
during the course of this study with 11 injuries experienced in the
referent group (11 of 76 subjects; 14%) and 4 in the at-risk group
(4 of 6 subjects; 67%). The Sn associated with the risk profile in
this study was low (26.7%), whereas the Sp was high (97.0%).
On the one hand, a high Sp score is relevant and clinically useful.
When a test (eg, the risk profile in this study) has a high Sp, one can
apply the SpPin mnemonic.?’ If an athlete has a positive test
(eg, suboptimal scores on all FPT) and that test battery has high
specificity, it helps to rule in the potential condition (or in this case,
the potential for injury).2” However, this testing battery had a low Sn
limiting the ability to rule out the risk for injury in the presence of a
negative test (eg, SnOut).?’ To address the aforementioned limita-
tions, future investigations should assess prospectively additional
potential risk factors, in addition to the SLJ and SLH, in both
specific (eg, one level of competition) and heterogeneous (eg, all
levels of college competition) VB populations.

Conclusion

A battery of FPT, consisting of the SLJ and the SLH test for
distance, may be used to screen female D III college VB athletes at
risk for a sports-related LQ injury. These tests are inexpensive and
quick-to-administer. These tests could be performed during the
spring prior to athletes leaving campus for the summer break.
Athletes with suboptimal FPT scores could be prescribed an
individualized exercise program to address LE strength deficits.
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