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Kinematics of Shooting in High School
and Collegiate Lacrosse Players
With and Without Low Back Pain
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Background: Low back pain (LBP) and motion alterations can occur in athletes who engage in high-speed throwing motions. The
relationship between LBP and shooting motion in lacrosse players is not yet known.

Purpose: To quantify the effects of LBP on key kinematic parameters of the lacrosse shot and determine the contribution of the
severity of LBP on specific kinematic parameters of the shooting motion.

Study Design: Controlled laboratory study.

Methods: High school and collegiate players (N¼ 24) were stratified into 2 groups based on back pain symptoms (LBP or no pain).
Three-dimensional motion capture of overhead throws was used to collect data on knee, pelvis, trunk, and shoulder kinematics as
well as crosse stick (the stick capped with a strung net) and ball speed.

Results: Mean low back numeric pain rating scale (NRSpain) score was 2.9. Knee flexion at ball release was greater in the LBP than
no pain group, indicating a more bent knee (P ¼ .04). The LBP group demonstrated less angular velocity transfer from pelvis to
trunk than the no pain group (P ¼ .05). Total range of motion of the pelvis and shoulders during the shot and follow-through were
less in the LBP group than the no pain group (83.6� ± 24.5� vs 75.9� ± 24.5�, P ¼ .05). Age- and sex-adjusted regression analyses
revealed that the low back NRSpain rating contributed 6.3% to 25.0% of the variance to the models of shoulder transverse rotation
range of motion, trunk and shoulder rotation angular velocities, and knee flexion angle (P < .05).

Conclusion: LBP severity significantly contributes to trunk and shoulder motion restriction during lacrosse shooting. Inclusion of
lumbopelvic and core training and prehabilitation programs for high school and collegiate players may reduce pain in affected
players as well as help them to attain appropriate motion parameters and avoid secondary musculoskeletal injuries.

Clinical Relevance: This research identified a prehabilitation need in the understudied lacrosse population. Therapeutic strategies
can be developed to strengthen the throwing motion, which could control mechanical loading patterns on the low back and
minimize pain symptoms in players with chronic LBP.
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Lacrosse continues to increase in popularity in the United
States. Despite rising participation rates, the understand-
ing of basic lacrosse mechanics and their contributions
to injury is not widely known. Among the several actions

in lacrosse play, a key motion is the shot. Shooting precision
and mechanics are dependent on the appropriate muscle
activation patterns, adequate rotation of the shoulders over
the pelvis, and sequencing of peak body segment rotational
velocity.2,11,12,16,32 Like other overhead athletes, lacrosse
players develop high ball speeds by generating initial forces
at the start of the shot and transferring that energy along
the kinetic chain to ball release.21,32 There are several
potential factors that can affect force development and tim-
ing of the mechanics, including musculoskeletal or joint
pain. Alternatively, the high forces generated by the shoot-
ing motion itself may place mechanical stresses on the body
and may contribute to the development of musculoskeletal
pain or injury. The lumbar spine and associated muscula-
ture transfer energy of the throwing motion from the lower
to the upper body via rapid rotation, and these structures
are involved with the acceleration and deceleration of the
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upper body during a shot.12,32 This led to the following
question: Are there specific motion characteristics of
players with and without low back pain (LBP)?

Large evidence gaps exist with respect to the potential
relationships between mechanical factors of lacrosse shoot-
ing and the presence or severity of LBP.34 This is problem-
atic because high school lacrosse surveillance data have
revealed that back injuries occur at a rate of 60 to 80 cases
per 1000 athletic exposures.15 LBP may adversely affect
motion by interfering with the transfer of energy from the
lower body to the upper body. Peak angular velocities of the
hip, trunk, and shoulders and timing of these peak veloci-
ties produced during the throw would be negatively
affected by pain. Moreover, if the normal kinematic
sequence and coordination is altered in a throwing activity,
the forces produced in the throwing motion are transferred
to distal body segments, which may lead to injury else-
where.33 Moreover, restrictions in rotation of body seg-
ments engaged in earlier phases of the shot (eg, pelvis or
torso) may increase the mechanical demands to segments
engaged later in the shot such as the upper arm. The first
essential step toward understanding the relationship
between LBP and shooting mechanics in lacrosse players
is to characterize the difference in mechanics between
players with and without LBP.

Therefore, the purposes of this study were to (1) deter-
mine the differences in key kinematic motion parameters of
the lacrosse shot between players with and without LBP
and (2) quantify the contribution of LBP to the variance
of kinematic parameters of the lacrosse shot. We hypothe-
sized that players with LBP would demonstrate differences
in shot speed and rotational excursions of the pelvis and
shoulder and that LBP would be a significant contributor
to rotational range of motion of the shoulders and pelvis
and peak angular velocities of the pelvis, trunk, and
shoulders.

METHODS

Study Design

This study and its procedures were approved by University
of Florida’s Institutional Review Board, and all partici-
pants provided written informed consent.

Participants

Players were stratified into 2 groups based on the presence
of any mild to moderate LBP: no pain and LBP (presence of
LBP during shooting movement). A total of 24 lacrosse
players were enrolled. Goalies were excluded from the anal-
ysis due to their different lacrosse equipment and less posi-
tional emphasis on shooting.

Characteristics

Participant demographics were self-reported. Height and
weight were measured using a medical-grade scale. Parti-
cipants completed a study-specific questionnaire that

detailed their history of lacrosse play, which included ses-
sions per week, seasons per year played, and current train-
ing sessions similar to that reported in other studies.22

Moreover, leg lengths were measured for both left and right
legs using a cloth tape measure. For arm lengths, testers
measured the distance between the shoulder acromion and
the radial styloid process, and for leg lengths, the distance
between the anterior superior iliac spine and the medial
malleolus was measured.

Muscle Strength and Endurance

Dynamic muscle strength and endurance were assessed
using leg press, seated row, and a seated shoulder press
machine (MedX). Maximal strength testing consisted of
reaching a 1-repetition maximum (1RM) for each of the 3
machines. After a standard warm-up of light repetitions,
the resistance was progressively increased until only 1 rep-
etition could be performed with good form. Subjective rat-
ing of perceived exertion values from the participant were
used to set the resistance loads for each exercise. After
conducting the 1RM tests, participants were allowed to rest
and recover until they were ready to complete the endur-
ance tests. Endurance testing for the shoulder press and
seated row consisted of performing as many repetitions as
possible during 1 minute using a resistance load of 50% of
their 1RM value.

Low Back Pain

LBP with movement was self-reported using an 11-point
numeric pain rating scale (NRSpain; 0 ¼ no pain and 10 ¼
worst possible pain). The NRSpain measure is an estab-
lished, well-accepted outcome for chronic conditions, as
described in the Initiative on Methods, Measurement, and
Pain Assessment in Clinical Trials.9 This assessment is
valid and reliable for assessing pain intensity31 in other-
wise healthy college-aged students and children.10,26

Participants indicated that pain was a low-grade chronic
pain that was not caused by traumatic injury but developed
over time.

Lacrosse Shot Description

Mercer and Nielson20 provided a detailed description of
multiple phases of a lacrosse shot that has been simplified
in our recent work.30 Key phases related to the lacrosse
shot were selected due to reliable reproduction in our
motion analysis. Still images of these phases and the
respective events are depicted in Figure 1, A and B. The
images include the player and the crosse (the stick capped
with a strung net). The 3 phases include the crank-back,
acceleration, and follow-through (Figure 1). The crank-
back is the preparatory movement that represents the
wind-up that precedes the acceleration of the crosse stick.
Immediately after crank-back, there is a drive forward with
the lead foot. The lead foot plant initiates the acceleration
phase. The acceleration phase involves increasing angular
velocities of the body segments (pelvis, trunk, shoulders)
and crosse to prepare for ball release. The ball release is
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the event that terminates the acceleration phase and is
used to define the end of the shot. The final phase of the
lacrosse shot is the follow-through. This phase involves the
relative trunk-to-pelvis separation motion and deceleration
of the body segment rotations. The maximal shoulder-to-
pelvis separation is the final event of the lacrosse shot. For
our data analysis, we defined the starting event of the
motion as the lead foot plant event (0%) and the final event
of ball release as the end of the shot (100%). Follow-through
occurred after ball release (>100% of the shot cycle).1

Motion Analysis Procedure

Motion was captured using a high-speed, 12-camera optical
motion capture system (Motion Analysis Corp). The details

of this technique have been previously described.30 Data
were captured at 200 Hz. Reflective markers were applied
to the following anatomical landmarks: right scapula (off-
set), acromion processes, lateral epicondyles of the elbow,
midway between the ulnar and radial styloid processes,
third metacarpal, posterior superior iliac spines, anterior
superior iliac spines, greater trochanters, lateral femoral
epicondyles, lateral malleoli, heels, and the hallux. Mar-
kers and reflective tape were also placed on the stick end
of the crosse, the crosse shaft, and the right and left sides
of the net. Only reflective tape was used on a standard
lacrosse ball (Figure 2).

After 5 minutes of throwing the ball as a warm-up, par-
ticipants performed overhead shots with their dominant
arm within the camera capture volume area. Participants
used their own crosses. The dominant arm was defined as
the arm with which the participant uses to write. The over-
head shot was selected because it is a basic skill of the sport
and is easily replicated by players. Each player was pro-
vided a set of standardized instructions to release the ball
with as much speed and accuracy as possible, without com-
promising form for the sake of speed. Accuracy was defined
as the ability of the ball to hit a marked area on a wall net
that was the exact size of the goal. If the ball did not land in
the goal target, the trial was excluded from analysis. The
data from 3 trials were averaged to determine the average
shooting motion.

Kinematic Measures

Specific kinematic events were expressed as a percent of
the shot cycle using available software (MATLAB; Math-
works Inc). The software was used to calculate angular
velocities of the pelvis, trunk, and shoulder at key shot cycle
events; the relative orientation of the pelvis and trunk; and
joint angles at foot contact and ball release. A summary of
the kinematic measurements most relevant to back motion
are provided in Figure 1. The shoulder-to-pelvis separation

Figure 1. Key phases of the lacrosse shot used for this anal-
ysis. (A) Phase 1: Crank-back. The wind-up phase in which
the shooting shoulder abducts and the trunk turns away from
the target as the lead foot makes contact with the ground. (B)
Phase 2: Acceleration. The phase in which angular velocities
of the body segments (pelvis, trunk, upper arm about the
shoulder) and crosse are increased to prepare for ball release.
(C) Phase 3: Follow-through. The phase in which the maximal
shoulder-to-pelvis crossover occurs toward the goal.

Figure 2. Experimental reflective marker placement used
to capture the lacrosse shot motion. (A) Anterior view.
(B) Posterior view.
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represents the intersegment linking between the pelvis and
trunk, similar to the ‘‘X-factor’’ used in golf analysis,3 and is
associated with ball velocity.7 This represents the coiling of
the trunk that is capable of storing elastic energy28 to be
transferred to the forward motion and maximal crosse
velocity and ball release. The differences in maximal angu-
lar velocities from pelvis to trunk, from trunk to shoulders,
and from shoulder to the crosse were calculated to deter-
mine the sequential addition of rotational velocity to body
segments and crosse before ball release.

These phases and events of the shot cycle are shown in
Figure 1. In preparation for a shot, crank-back occurs,
where the throwing arm abducts, and the trunk turns away
from the target (phase 1). The crosse is then brought for-
ward for acceleration of the shot (phase 2). Here, the throw-
ing arm moves anteriorly toward the target. After ball
release, the shoulder-to-pelvis separation continues into
the follow-through (phase 3). This is the point of maximal
shoulder-to-pelvis separation. The maximum angular
velocity and the time at which the maximum angular veloc-
ity occurred were identified for the pelvis, trunk, shoulders,
and crosse (expressed as percent of the shot cycle). The
range of motion (ROM) values of knee flexion, shoulder
rotation in the transverse plane, pelvis tilt in the sagittal
plane, and pelvis rotation in the transverse plane were cal-
culated from the difference between the maximal and min-
imal angular position values, from 0% to 100% of the shot
cycle. Trunk anterior lean in the sagittal plane was calcu-
lated from the difference between the maximal and mini-
mal angular position values, from –50% of the shot cycle to
the end of follow-through. Finally, the total transverse
ROM of the pelvis and shoulders was determined by sum-
ming the absolute value of crank-back and follow-through
pelvis-to-shoulder separation angles.

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS version 23.0; IBM
Corp). Data were managed using Research Electronic Data
Capture.14 Descriptive statistics were obtained to charac-
terize the study groups (means and SDs, frequencies). After
testing the skewness of the data, t tests were used to deter-
mine whether differences existed between the 2 groups of
players (no pain, LBP) in the demographics, training vol-
ume and frequency, kinematic parameters, joint ranges of
motion during the shot cycle, and ball speed. Chi-square
(w2) tests were used to determine whether differences
existed between the 2 study groups for categorical variables
(sex, play position, level of play, LBP severity).

To determine whether the severity of LBP predicted
shooting motion, variables, and ball speed in this popula-
tion, hierarchical regression models were generated. The
dependent variables were transverse ROM of the pelvis and
shoulder; peak angular velocities of the pelvis, torso, and
shoulders; and ball speed. The factors that likely contribute
to variations in the dependent variables were entered into
the models first (age and sex), followed by the severity of
LBP as the final variable. A priori alpha levels were estab-
lished at 0.05 for all statistical tests.

RESULTS

Participant Characteristics

Table 1 provides participant characteristics. No significant
differences were found between the no pain and LBP
groups for any characteristic except for the NRSpain score
for back pain during shooting movement and the maximum
reps on the seated row endurance test (P < .05).

Joint Angles and ROM

Table 2 provides the kinematic parameters generated dur-
ing the lacrosse throwing motion from participants with
and without LBP. There was a significantly greater knee
flexion angle (bent leg) at ball release in the no pain group
compared with the LBP group (P ¼ .04). Compared with a
straight vertical reference, a greater knee flexion angle
represented a greater knee bend. There were no significant
differences in the remaining joint angles, pelvic tilt, maxi-
mal shoulder abduction, and ROM values (transverse foot
rotation, knee flexion, transverse pelvis, trunk lean, and
transverse shoulder motion) during the shot cycle (all P >
.05). However, the total transverse ROM of the pelvis and
shoulders from foot contact to follow-through was signifi-
cantly less in the LBP group (P ¼ .05).

TABLE 1
Participant Characteristics of Lacrosse Players

With and Without Low Back Paina

No Pain
(n ¼ 16)

Low Back
Pain (n ¼ 8) P

Age, y 18.8 ± 4.1 18.1 ± 2.4 .671
Women, % 56.3 37.5 .490
Height, cm 174.3 ± 10.6 171.1 ± 9.4 .473
Weight, kg 70.1 ± 14.3 69.5 ± 11.8 .908
Lean mass, % 81.9 ± 5.8 77.5 ± 6.2 .096
Fat-free mass, kg 61.4 ± 17.5 54.0 ± 10.4 .261
Years of play 7.3 ± 4.7 6.6 ± 3.5 .733
Current sessions per week 3.0 ± 1.5 2.0 ± 1.5 .076
High school/collegiate

athlete, %

56/44 50/50 .653

Position, %

Attack 50.0 37.5
Midfield 31.2 50.0
Defense 18.8 12.5 .787

LBP severity, NRSpain score 0.0 2.9 ± 2.2 .0001
Muscle strength (1RM), N�m

Seated row 384.9 ± 144.9 354.4 ± 141.0 .607
Leg press 610.4 ± 103.2 614.3 ± 98.7 .925
Shoulder press 376.2 ± 162.6 327.3 ± 154.3 .462

Muscle endurance, repetitions/min
Seated row 37.65 ± 7.4 33.1 ± 2.6 .006
Shoulder press 30.07 ± 6.1 29.7 ± 6.3 .887

Leg length, cm
Right leg 89.8 ± 8.2 85.6 ± 10.4 .220
Left leg 89.8 ± 8.1 85.4 ± 9.8 .201

aValues are expressed as mean ± SD or percentage of the group.
LBP, low back pain; NRS, numeric pain rating scale; 1RM,
1-repetition maximum.
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Relative Shoulder-to-Pelvis Crossover, Angular
Velocities, and Timing

Table 3 provides the magnitude of the shoulder-to-pelvis
separation and the values of peak pelvis, trunk, and shoul-
der angular velocities during a shot. Maximal trunk
angular velocity was lower in the LBP group compared
with the no pain group (P ¼ .05). While there was an incre-
mental increase in maximal angular velocities from pelvis
to the crosse in both groups during the shot, the LBP group

demonstrated less increase than the no pain group (P ¼
.05). No statistical differences were found between players
with and without LBP with respect to the timing of peak
angular velocities of the pelvis, trunk, and shoulder during
the shot (Table 4).

Regression Analyses

Our second aim was to quantify the contribution of LBP
severity on the statistical variance of specific shooting
kinematics (rotational motion of the pelvis and shoulders;
peak angular velocities of the pelvis, trunk, and shoulder;
knee flexion angle at ball release; and ball speed). Sepa-
rate regression models were created for each kinematic
variable. The results of these age- and sex-adjusted
regression models are shown in Table 5. LBP severity con-
tributed 6.3% to 7.9% of the variance to the models for
transverse shoulder ROM and trunk and shoulder peak
angular velocity at ball release (all P < .05). A striking
finding was that LBP severity contributed 25% of the var-
iance to the model for knee flexion at ball release (P ¼
.010). For every 1-point increase in LBP severity, there
was a 2.9� increase in knee flexion. The B coefficients indi-
cated that the greater the LBP severity, the lower rota-
tional ROM of the shoulder, the lower the peak angular
velocities of the trunk and shoulders, and the stiffer the
knee at ball release.

DISCUSSION

To our knowledge, this is the first examination of the rela-
tionship between LBP and shooting performance in
lacrosse players. While many kinematic parameters of
motion were similar between participants with and without
LBP, those with chronic mild to moderate pain shot the
lacrosse ball with greater knee flexion and slower peak
trunk angular velocities. There was less incremental
increase in angular velocities from pelvis to trunk in
players with pain. LBP severity significantly contributed
to several kinematic variables, including trunk and shoul-
der peak angular velocities and knee flexion at ball release.
There are 2 possible interpretations of these findings: (1)
the trigger of back pain may cause players to self-restrict
high-speed rotation of segments that may exacerbate pain
or (2) the motion itself over time caused the pain to develop.
While this study was not able to measure pain onset longi-
tudinally, the first possibility is explored.

TABLE 2
Stride Length, Joint Angles, and Range of Motion

Generated During a Lacrosse Shota

No Pain
(n ¼ 16)

Low Back
Pain (n ¼ 8) P

Stride length, m 0.94 ± 0.17 0.94 ± 0.15 .94
Stride-to-height ratio 0.53 ± 0.08 0.54 ± 0.08 .77
Joint angle, deg

Lead foot angle at foot contact 25.5 ± 26.2 24.7 ± 20.6 .93
Lead foot angle at ball release 22.0 ± 19.4 16.0 ± 21.1 .49
Knee flexion angle at foot contact 163.9 ± 11.4 164.3 ± 5.9 .92
Knee flexion angle at ball release 160.6 ± 8.4 151.1 ± 13.0 .04c

Pelvic tilt at foot contact 20.2 ± 6.8 19.3 ± 4.9 .48
Pelvic tilt at ball release 26.2 ± 6.8 22.8 ± 5.1 .23
Trunk lean at ball release 12.4 ± 11.2 12.0 ± 13.3 .94
Maximal shoulder abduction 50.8 ± 18.6 53.9 ± 23.1 .72

ROM, deg
Transverse lead foot rotation 3.5 ± 8.9 8.7 ± 14.0 .27
Sagittal knee flexion 22.5 ± 7.4 24.2 ± 11.4 .64
Transverse pelvis 63.8 ± 25.5 53.5 ± 32.1 .41
Sagittal trunk lean 32.8 ± 11.1 31.5 ± 17.1 .82
Transverse shoulder 94.4 ± 27.9 73.3 ± 43.6 .17
Total pelvis and shoulderb 83.6 ± 24.5 75.9 ± 24.5 .05c

aValues are expressed as mean ± SD. ROM, range of motion.
bAdditive ROM in the transverse plane from foot contact to

follow-through.
cStatistically significant difference between groups (P � .05).

TABLE 3
Relative Shoulder and Pelvis Rotation and Maximal

Angular Velocities During a Lacrosse Shota

No Pain
(n ¼ 16)

Low Back
Pain (n ¼ 8) P

Shoulder-to-pelvis separation
Crank-back, deg –30.7 ± 12.1 –28.5 ± 15.5 .69
Follow-through, deg 52.9 ± 20.1 46.5 ± 16.4 .44

Maximal angular velocity
Pelvis, deg/s 534 ± 166 428 ± 179 .16
Trunk, deg/s 677 ± 198 515 ± 253 .05b

Shoulders, deg/s 898 ± 257 700 ± 316 .11
Crosse, deg/s 1570 ± 428 1345 ± 441 .24

Incremental change in angular velocity
From pelvis to trunk, deg/s 151 ± 77 87 ± 83 .05b

From trunk to shoulders, deg/s 185 ± 76 240 ± 85 .14
From shoulders to crosse, deg/s 645 ± 191 671 ± 281 .81

Ball velocity, km/h 103.3 ± 24.7 90.6 ± 7.2 .30

aValues are expressed as mean ± SD.
bStatistically significant difference between groups (P � .05).

TABLE 4
Temporal Patterns of Maximal Segmental Angular

Velocities During a Lacrosse Shota

No Pain (n ¼ 16) Low Back Pain (n ¼ 8) P

Pelvis, % 56.4 ± 28.7 62.6 ± 16.4 .60
Trunk, % 71.7 ± 16.9 78.2 ± 18.3 .39
Shoulders, % 80.4 ± 12.2 83.4 ± 21.4 .66

aValues are expressed as mean ± SD percentage of the shot
cycle.
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Our findings are in partial agreement with other high-
speed rotational sports that involve long lever arm equip-
ment, such as golf or tennis, or that involve similar
sequences of angular velocities from the pelvis, trunk,
shoulder, and lever arm (eg, golf club, tennis racquet).
Studies of golf swing motion demonstrate that players
with symptomatic LBP used more lateral side bending
on the backswing and had trunk flexion velocities during
the downswing that were 2 times slower than players
without pain.18 During neutral stance, the golfers with
pain had less trunk rotation during the swing than players
without, indicating that the relative spine rotation was
elevated during the backswing. Tsai et al28 reported min-
imal differences in trunk kinematics. Biomechanical stud-
ies of tennis players also revealed minimal motion
differences between players with and without LBP. In 1
study of tennis players (N ¼ 21), serving kinematics were
characterized by greater lateral pelvic tilt, lower lumbar
and pelvic ROM, and anterior pelvic tilt in players with
LBP compared with healthy players. Peak knee and hip
flexion angles did not differ, but time to peak knee exten-
sion was earlier in players with and without LBP.4 In con-
trast, Campbell et al5 found that mean values of forehand
or backhand groundstroke motion parameters did not dif-
fer in adolescent players with pain (N ¼ 7) compared with
those who had no pain (N ¼ 12).

Pain may change the normal muscle activation of the
muscles of the trunk that control the amount of spine rota-
tion and rotational velocity. For example, LBP causes con-
tinual activation of the mulitifidus and longissimus
muscles during axial rotation, which allows these muscles
to then act as stabilizers.17 LBP may also increase pelvic
stiffness and thereby negatively affect the transfer of angu-
lar rotational velocities to the trunk further up the kine-
matic chain.27 Our data support this possibility, as the LBP
group had smaller incremental velocity from trunk to pelvis
compared with the no pain group. Shooting motions require
effective coordination of the timing and angular velocities
of the proximal to distal segments to optimize ball speed.
Variations in the timing or velocities can disrupt coordina-
tion and reduce performance.29 Here, the timing of these
velocities were not different, but the maximal angular
velocities of the trunk were significantly lower during a

throwing motion in participants with LBP. Additionally,
total pelvis and shoulder ROM was significantly lower, sug-
gesting that pain may not disrupt motion timing but rather
induce a guarding effect on the lumbopelvic region restrict-
ing motion, which subsequently restricts angular velocities.

A striking finding was that greater low back NRSpain

scores were related to a greater knee flexion angle (more
knee bend). An interpretation of this finding is that bending
more at the knee can provide additional stabilization during
spine rotation in players with LBP. Limited evidence from
lacrosse, softball, and tennis players shows that the coacti-
vation of lower extremity muscle groups (biceps femoris, rec-
tus femoris, gastrocnemius) and the core (rectus abdominis,
external obliques, and lumbar erector spinae) is essential
for stabilization of the lower body as the upper body rotates
over the pelvis.6,21,23 LBP-related lumbar muscle strength
deficiencies may foster greater knee flexion to improve the
base of support during the throw. On the other hand, a sec-
ondary proposed reason for greater knee flexion (bend) is to
allow a safe dissipation of linear forces. For many overhead
sports, trunk flexion allows for the dissipation of forward
linear motion, but with restricted lumbopelvic motion, a
secondary compensation of knee flexion may allow for these
linear forces to safely dissipate, similar to a follow-through.
Additional research of the timing and magnitude of the
lower extremity and core muscle activation in players with
and without LBP would address this issue and provide ther-
apeutic muscle targets for rehabilitation specialists and trai-
ners who work with lacrosse players.

Strengths and Limitations

Some limitations and strengths of this study deserve com-
ment. It is not yet clear whether mechanical deficiencies
caused LBP or whether preexisting LBP changes the
mechanics of the lacrosse throw. Dynamic strength values
or endurance did not differ between the 2 groups, but we
cannot rule out possible differences in muscle activation
patterns that could overload the low back. Additional study
of the electromyography patterns of the core and lower
extremity muscles during the shot would be insightful.
Other research groups indicate that sport motions that
involve segmental rotations at the end of the ROM at high

TABLE 5
Hierarchal Regression Analyses for Kinematic Parameters of a Lacrosse Shota

Parameter R R2 R2 Change Significant F B (95% CI)b

Pelvis rotation ROM in transverse plane 0.809 0.654 0.008 .52 –1.4 (–5.7 to 3.0)
Shoulder rotation ROM in transverse plane 0.851 0.723 0.063 .05c –16.2 (–33.1 to 0.6)
Peak angular velocity, pelvis 0.812 0.659 0.037 .15 –18.5 (–44.6 to 7.6)
Peak angular velocity, trunk 0.834 0.696 0.079 .03c –34.5 (–66.9 to –1.9)
Peak angular velocity, shoulder 0.840 0.706 0.069 .04c –41.4 (–81.4 to –1.4)
Knee flexion angle at ball release 0.644 0.415 0.250 .01c –2.9 (–5.1 to –0.8)
Ball speed 0.865 0.748 0.024 .17 –1.5 (–3.7 to 0.7)

aEach line represents a different regression model. Each model entered in age and sex first, and then the severity of low back pain was
entered in as the final variable. ROM, range of motion.

bB coefficient is unstandardized.
cSignificant contribution of low back pain to the variance of this parameter (P < .05).
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velocities may be an underlying mechanism for pain.4,5

Epidemiological evidence suggests that exposure to high-
velocity throwing or asymmetric loading sports over a life-
time or amount of practice contributes to the development
of LBP.8,13,19,24,25 Additional prospective injury tracking
simultaneous motion analysis would help address this
question. A larger sample size of lacrosse players would
permit stratification of LBP presence and severity among
positions and training volume. An important point is that
these motions were captured in a laboratory setting with-
out the presence of game conditions such as defenders, time
pressure, or throwing on the run. These real-time factors
may increase the ‘‘stakes’’ of each shot and may increase the
risk for injuries to occur.

CONCLUSION

Lacrosse players with LBP have slower peak trunk angular
velocities and greater knee flexion during a shot motion
than players with no pain. Training and prehabilitation pro-
grams may be targeted to the lumbopelvic and core regions
to help players with LBP maintain lacrosse shot motions and
minimize or abolish pain. Future research should include
prospective longitudinal research tracking LBP and throw-
ing motion through a season to determine the relationship of
pain onset to mechanics in this population.

REFERENCES

1. Ahmad CS, Dick RW, Snell E, et al. Major and Minor League Baseball

hamstring injuries: epidemiologic findings from the Major League Base-

ball Injury Surveillance System. Am J Sports Med. 2014;42:1464-1470.

2. Atwater AE. Biomechanics of overarm throwing movements and of

throwing injuries. Exerc Sport Sci Rev. 1979;7:43-85.

3. Brown SJ, Selbie WS, Wallace ES. The X-Factor: an evaluation of

common methods used to analyse major inter-segment kinematics

during the golf swing. J Sports Sci. 2013;31:1156-1163.

4. Campbell A, O’Sullivan P, Straker L, Elliott B, Reid M. Back pain in

tennis players: a link with lumbar serve kinematics and range of

motion. Med Sci Sports Exerc. 2014;46:351-357.

5. Campbell A, Straker L, Whiteside D, O’Sullivan P, Elliott B, Reid M.

Lumbar mechanics in tennis groundstrokes: differences in elite

adolescent players with and without low back pain. J Appl Biomech.

2016;32:32-39.

6. Chow JW, Shim JH, Lim YT. Lower trunk muscle activity during the

tennis serve. J Sci Med Sport. 2003;6:512-518.

7. Chu Y, Sell TC, Lephart SM. The relationship between biomechanical

variables and driving performance during the golf swing. J Sports Sci.

2010;28:1251-1259.

8. Dick R, Sauers EL, Agel J, et al. Descriptive epidemiology of collegiate

men’s baseball injuries: National Collegiate Athletic Association Injury

Surveillance System, 1988-1989 through 2003-2004. J Athl Train.

2007;42:183-193.

9. Dworkin RH, Turk DC, Wyrwich KW, et al. Interpreting the clinical

importance of treatment outcomes in chronic pain clinical trials:

IMMPACT recommendations. J Pain. 2008;9:105-121.

10. Ferreira-Valente MA, Pais-Ribeiro JL, Jensen MP. Validity of four pain

intensity rating scales. Pain. 2011;152:2399-2404.

11. Fleisig GS, Barrentine SW, Zheng N, Escamilla RF, Andrews JR. Kine-

matic and kinetic comparison of baseball pitching among various

levels of development. J Biomech. 1999;32:1371-1375.

12. Glazier PS. Is the “crunch factor” an important consideration in the

aetiology of lumbar spine pathology in cricket fast bowlers? Sports

Med Auckl NZ. 2010;40:809-815.

13. Hangai M, Kaneoka K, Okubo Y, et al. Relationship between low back

pain and competitive sports activities during youth. Am J Sports Med.

2010;38:791-796.

14. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.

Research electronic data capture (REDCap)—a metadata-driven

methodology and workflow process for providing translational

research informatics support. J Biomed Inform. 2009;42:377-381.

15. Hinton RY, Lincoln AE, Almquist JL, Douoguih WA, Sharma KM.

Epidemiology of lacrosse injuries in high school-aged girls and

boys: a 3-year prospective study. Am J Sports Med. 2005;33:

1305-1314.

16. Kageyama M, Sugiyama T, Takai Y, Kanehisa H, Maeda A. Kinematic

and kinetic profiles of trunk and lower limbs during baseball pitching

in collegiate pitchers. J Sports Sci Med. 2014;13:742-750.

17. Kuriyama N, Ito H. Electromyographic functional analysis of the lum-

bar spinal muscles with low back pain. J Nippon Med Sch. 2005;72:

165-173.

18. Lindsay D, Horton J. Comparison of spine motion in elite golfers with

and without low back pain. J Sports Sci. 2002;20:599-605.

19. McCarroll JR. The frequency of golf injuries. Clin Sports Med. 1996;

15:1-7.

20. Mercer JA, Nielson JH. Description of phases and discrete events of

the lacrosse shot. Sport J. http://thesportjournal.org/article/

description-of-phases-and-discrete-events-of-the-lacrosse-shot/.

Accessed July 23, 2015.

21. Millard BM, Mercer JA. Lower extremity muscle activity during a

women’s overhand lacrosse shot. J Hum Kinet. 2014;41:15-22.

22. Noormohammadpour P, Rostami M, Mansournia MA, Farahbakhsh F,

Pourgharib Shahi MH, Kordi R. Low back pain status of female uni-

versity students in relation to different sport activities. Eur Spine J.

2016;25:1196-1203.

23. Oliver GD, Plummer HA, Keeley DW. Muscle activation patterns of the

upper and lower extremity during the windmill softball pitch.

J Strength Cond Res. 2011;25:1653-1658.

24. Petering RC, Webb C. Treatment options for low back pain in athletes.

Sports Health. 2011;3:550-555.

25. Posner M, Cameron KL, Wolf JM, Belmont PJ, Owens BD. Epidemi-

ology of Major League Baseball injuries. Am J Sports Med. 2011;39:

1676-1680.

26. Ruskin D, Lalloo C, Amaria K, et al. Assessing pain intensity in children

with chronic pain: convergent and discriminant validity of the 0 to

10 numerical rating scale in clinical practice. Pain Res Manag. 2014;

19:141-148.

27. Sung PS. Disability and back muscle fatigability changes following

two therapeutic exercise interventions in participants with recurrent

low back pain. Med Sci Monit. 2013;19:40-48.

28. Tsai Y-S, Sell TC, Smoliga JM, Myers JB, Learman KE, Lephart SM. A

comparison of physical characteristics and swing mechanics

between golfers with and without a history of low back pain. J Orthop

Sports Phys Ther. 2010;40:430-438.

29. Urbin MA, Fleisig GS, Abebe A, Andrews JR. Associations between

timing in the baseball pitch and shoulder kinetics, elbow kinetics, and

ball speed. Am J Sports Med. 2013;41:336-342.

30. Vincent HK, Chen C, Zdziarski LA, Montes J, Vincent KR. Shooting

motion in high school, collegiate and professional men’s lacrosse.

Sports Biomech. 2015;14:448-458.

31. Von Korff M, Jensen MP, Karoly P. Assessing global pain severity by

self-report in clinical and health services research. Spine. 2000;25:

3140-3151.

32. Weber AE, Kontaxis A, O’Brien SJ, Bedi A. The biomechanics of

throwing: simplified and cogent. Sports Med Arthrosc. 2014;22:

72-79.

33. Whiteley R. Baseball throwing mechanics as they relate to pathology

and performance—a review. J Sports Sci Med. 2007;6:1-20.

34. Xiang J, Collins CL, Liu D, McKenzie LB, Comstock RD. Lacrosse

injuries among high school boys and girls in the United States: aca-

demic years 2008-2009 through 2011-2012. Am J Sports Med. 2014;

42:2082-2088.

The Orthopaedic Journal of Sports Medicine Shooting Motion in High School and Collegiate Lacrosse Players 7

http://thesportjournal.org/article/description-of-phases-and-discrete-events-of-the-lacrosse-shot/
http://thesportjournal.org/article/description-of-phases-and-discrete-events-of-the-lacrosse-shot/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


