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Abstract.

BACKGROUND: Core strengthening is a significant component of training programs utilized to optimize athletic performance,
reduce injury, and facilitate return from injury. Reliable and valid clinical measures of core strength are necessary to determine
the effectiveness of these programs.

OBJECTIVE: The purpose was to determine the reliability and validity of three medicine ball toss tests (MBTs).

METHODS: A total of 20 healthy, physically active individuals participated. Session one included isokinetic strength testing
(trunk flexion/extension, and right/left rotation) and MBTs (forward, backward, and right/left rotation); session two included only
the MBTs. Average peak torque during strength testing and the average distance of three MBTs in each direction were analyzed.
Intraclass correlations were calculated to determine the reliability of the MBTs between sessions, while validity between MBTs
and strength was assessed though Pearson correlations.

RESULTS: Significant ICCs were observed between forward, backward, and right/left rotation MBTs (ICC = 0.835; ICC =
0.835; ICC = 0.870; ICC = 0.909; p < 0.001, respectively). No significant correlations were observed between the MBTs and
corresponding measures of strength.

CONCLUSION: Results illustrate that MBTs have excellent reliability but are not related to isokinetic strength as measured by
average peak torque. This lack of relationship may be due to differences in muscles examined, contraction type, and/or motion
performed.
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1. Introduction timum production, transfer, and control of force and

motion to the terminal segment in integrated athletic

Core strength and stability training have become a
significant component of physical fitness, rehabilita-
tion, and performance training of athletes [1]]. Core sta-
bility is defined as the ability to control the position
and motion of the trunk over the pelvis to allow op-
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activities [8]]. Core stability is an integral part of ath-
letic performance, but a true measure of core stabil-
ity is difficult to achieve. There is an inherent diffi-
culty in measuring core stability because core stabil-
ity is an all-encompassing term with the inclusion of
core strength, endurance, flexibility, and neuromuscu-
lar control; therefore many individuals measure the
components of core stability as opposed to core sta-
bility as a whole. A battery of tests is likely necessary
to measure core stability as a combination of its indi-
vidual components. This battery of tests is of particu-
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lar importance because of its implications for predic-
tion of injury and performance. Neuromuscular con-
trol is one of the components of core stability, which
has been demonstrated to be a predictor of knee in-
jury if significant decreases are noted [16]. Although
extremely important in injury reduction, neuromuscu-
lar control is inherently difficult to measure and has its
limitations, specifically in measurement, in the clinical
setting [[16].

Of the previously mentioned core stability compo-
nents, core strength may be the most important and
likely the easiest to measure. The core acts as the cen-
ter of the kinetic chain; energy is transferred from the
core to both the upper and lower extremity to allow for
optimal movement patterns [1]]. The more strength that
is possessed in the core musculature, the more strength
can be transferred to other areas of the body [[L]. This
energy transfer makes the strength of the core impor-
tant to all dynamic tasks, and its subsequent measure-
ment systems of the utmost importance. Measuring the
strength of the core has proven easier than other com-
ponents of core stability because of the constant need
for this energy transfer to occur during athletic activ-
ity. One potential method to measure core strength is
through the use of medicine ball toss tests (MBTs), but
the reliability and validity of these measures have not
been clearly established.

Previous research has investigated several MBTs
as measures of core strength and/or stability [9412]].
The reliability of the MBTs has previously been es-
tablished, although methods for performing these spe-
cific MBTs may affect their ability to isolate the core
musculature. For example, a forward MBT performed
as an abdominal crunch with the arms locked at the
ears has demonstrated excellent reliability (r = 0.95,
p < 0.001); however, this may have increased reliance
on the hip musculature while lifting the individual’s
torso from the floor [3]]. Similar concerns arise in ex-
amples of MBTs that incorporate the musculature of
the lower extremity. The backward overhead medicine
ball (BOMB) toss test, which is a test of the posterior
core musculature strength, has demonstrated high reli-
ability (r = 0.86, p < 0.01) [9]]. However, since this
test is completed utilizing a standing position with a
squat prior to the release of the medicine ball, as well
as use of the arms, the isolation of the core muscu-
lature may be compromised. One rotational MBT has
been described previously as a dynamic lateral throw,
a test of the external and internal oblique muscular
strength [13]. Although the methods describe main-
taining a seated position on the floor with a recline to

a 45 degree angle, bent knees, and fully extended arms
to promote isolation of the core musculature, the dif-
ficulty of the test may lead to compromised isolation
of the core musculature. This MBT has demonstrated
a significant positive correlation with a counter move-
ment vertical jump test, which is a test that has been
previously described as a test of core strength (right:
r = 0.40, p < 0.05; left: » = 0.48, p < 0.05) [13].

Validity of these previously mentioned MBTs has
been constructed based on tests of over all power and
strength. The forward MBT has been described as a
test of explosive power, as measured by the standing
broad jump and the vertical jump test, which predicts
the strength of the anterior core musculature [12]. The
test is performed from a tall kneel position, removing
the lower extremities contribution to the throw, but the
medicine ball is thrown in a chest pass fashion, allow-
ing for excessive use of the arms [12]. This forward
MBT, has demonstrated a significant negative correla-
tion with'a double leg lowering test, which is typically
utilized as a test of core stability (r = —0.389, p =
0.023) [12]. Although the MBTs have been validated,
the forward MBT and BOMB are not specific measures
of the strength of the core. Without this established va-
lidity against test that can isolate the core musculature,
the extent to which the MBTs predict core strength
cannot actually be established.

Currently, there are very few clinic-friendly mea-
sures that are reliable and valid tests of core strength.
The primary purpose of this study was to determine
whether the three separate MBTs demonstrate test-
retest reliability. It was hypothesized that each of
the MBTs (forward, backward, and rotational) would
demonstrate strong intersession test-retest reliability.
The secondary purpose of this study was to determine
whether the three separate MBTs (forward, backward,
and bilateral rotation) can provide a valid clinical mea-
surement tool of core strength. Each of the MBTs
was compared to its respective isokinetic dynamom-
etry strength test. It was hypothesized that each of
the MBTs (forward, backward, and rotational) would
demonstrate strong concurrent criterion validity com-
pared to a test of isokinetic strength in the same direc-
tion. Determining reliability and validity of the MBTs
as a clinical measure may provide clinicians and re-
searchers with effective tools to identify weakness
within the core musculature as well as to assess the re-
lationship between core strength, injury, and impaired
athletic performance.
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2. Methods

A descriptive study design was utilized to assess the
reliability and validity of three newly developed MBTs
in the forward, backward, and right/left rotation direc-
tions. Previous literature has utilized similar MBTs as a
measure of core strength, but these MBT's have demon-
strated an excessive use of both the upper and lower
extremity, potentially confounding the isolation of the
core musculature and negatively affecting the validity
of the tests. It was decided to develop new MBTs in
order to better isolate the core musculature and repli-
cate the trunk movements utilized for tests of isokinetic
strength.

2.1. Subjects

Ten healthy females and ten healthy males (age:
22.7 + 4.8 years, height: 164.8 £ 25.7 cm, weight:
71.0 £ 12.3 kg) were recruited for this study. Eight fe-
male subjects participated in Division I college gym-
nastics while two female and 10 male subjects partic-
ipated in recreational physical activity at least three
days a week. Inclusion criteria were 18—40 years old,
participating in physical activity at least three days per
week (30-60 minutes per day), the ability to throw
a three-kilogram medicine ball without pain, and the
ability to tall kneel for five minutes. Exclusion criteria
were: a history of chronic back pain, defined as pain
that limited sport participation and/or activities of daily
living for more than one year, in the thoracic; lumbar,
and/or sacral region; complaint of pain in the thoracic,
lumbar, and/or sacral region at time of enrollment; or a
history of back surgery in the thoracic, lumbar, and/or
sacral region. Institutional Review Board approval was
obtained prior to the initiation of this study. Prior to
any testing procedures, each subject provided written
informed consent in accordance with the University’s
Institutional Review Board protocol.

2.2. Procedures

Data were collected in two separate sessions over a
seven-day time period, with sessions separated by at
least 24 hours. During test session one subjects per-
formed concentric-concentric isokinetic strength test-
ing for torso flexion/extension and bilateral rotation
at 60 degrees per second for five repetitions. Follow-
ing isokinetic strength testing subjects performed five
MBTs in the forward, backward, and right/left rotation
directions. During test session two subjects performed

five MBTs in the forward, backward, and right/left ro-
tation direction. The order of the MBTs was systemat-
ically randomized using a Latin square design so that
each of the six potential orders of throws were equally
utilized [[10]. Each subject performed the throws in the
same order during both test sessions.

The Biodex System 3 Multi-Joint Testing and Re-
habilitation System (Biodex Medical Inc, Shirley, NY)
was used to assess trunk flexion, extension, and bi-
lateral rotation strength. Trunk flexion/extension and
right/left rotation were tested in two separate tests. All
isokinetic strength testing was performed at 60 de-
grees per second using a concentric/concentric recip-
rocal protocol [6]]. For each of the tests, the individual
was verbally cued as to how to move throughout the
entire range of motion during the trials. For familiar-
ization, each individual was given a practice period of
three trials at fifty percent of self-perceived maximum
effort followed by three trials at one hundred percent
of self-perceived maximum effort. Following a one-
minute rest period, each subject performed five recip-
rocal concentric-concentric trials at one hundred per-
cent of the subject’s self-perceived maximum effort.
The average peak torque averaged across five trials for
each motion was used for statistical analysis.

Trunk flexion and extension strength were assessed
in the semi-standing position using the Biodex trunk
flexion/extension attachment. All positioning and sta-
bilization occurred according to manufacturer’s rec-
ommendations. The axis of rotation was aligned with
the superior edge of the iliac crest, while the foot plate
was adjusted to allow the subject’s knees to be at 10-20
degrees of flexion with their posterior thighs supported
by the seat of the attachment. Two Velcro straps across
the subject’s thighs and two Velcro straps that crossed
the subject’s torso were used for stabilization allowing
for optimal trunk strength production. All range of mo-
tion limits were set based on subject’s individual trunk
range of motion. Trunk flexion and extension isoki-
netic strength has been previously established as reli-
able with similar methods and instrumentation with an
ICC 0of 0.74-0.98 [4]. These methods have also demon-
strated validity when compared to measures of EMG
of the core musculature [7].

Trunk bilateral rotation strength was assessed us-
ing the Biodex trunk bilateral rotation attachment in
a seated position. All positioning and stabilization oc-
curred according to manufacturer’s recommendations.
The rotation attachment was lowered to meet the sub-
ject’s upper chest and secured with a Velcro strap
reaching around the subject’s upper back. The axis of
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Fig. 1. Forward Medicine Ball Toss Test; A. Tall kneeling start position; B. Hip and lumbar extension prior to initiating throw; C. Forceful

abdominal contraction with follow through after release.

rotation was aligned directly over the subjects head
with hip pads adjusted to maintain the axis of rotation
in an upright position. Thigh pads were placed in con-
tact the subject’s medial thighs allowing for additional
stabilization and optimal trunk strength production. All
range of motion limits were set based on the subject’s
individual trunk range of motion. Trunk bilateral rota-
tion isokinetic strength has been previously established
as reliable with similar methods and instrumentation
with an ICC of 0.863 [10].

Both verbal and visual instructions were given for
each of the three MBTs, including rotation to the right
and left, prior to the practice period. The verbal in-
structions included how to tighten the core to elicit
maximum effort from the core musculature. Subjects
were given a separate practice period prior to each set
of MBTs, in which they performed five medicine ball
tosses for each of the three MBTs, including rotation to
both the right and left. Following a five-minute manda-
tory rest period after the practice trials, the MBT data
collection trials began. The weight of the medicine ball
was standardized to 3 kg for all subjects. Any trials
that were deemed a failure were recollected. A fail-
ure was defined as improper technique when perform-
ing the MBTs, the medicine ball making contact with
any object excluding the floor prior to the first bounce,
and/or the medicine ball diverting from the intended
throwing area, which was subjectively determined by
the tester.

The forward MBT was a test of the anterior abdom-
inal muscles associated with the trunk flexion strength
of the core musculature. The subject assumed the tall
kneeling position on the padded mat placed on the floor
with the lumbar spine in a neutral position over the
pelvis/hips, hips in neutral, knees flexed to 90 degrees,
and the dorsal aspect of both feet and the anterior lower

legs in direct contact with the mat. The most anterior
aspect of the knees were placed on a tape line on the
padded mat. The shoulders were flexed to 180 degrees,
with the elbows locked in full extension, and wrists
in neutral: The medicine ball was held in both hands
with palms facing inward toward each other. The sub-
ject was instructed to maintain the position of the up-
per extremity, to the best of their ability, throughout
the duration of the throw. To initiate the throw, the
subject extended the hips and lumbar spine and then
flexed the hips and lumbar spine as if to do a standard
crunch. The knees, lower legs, and feet remained in
the same position throughout the duration of the throw.
When the lumbar spine and hips returned to a neutral
position, the subject released the medicine ball with
enough force to allow the ball to travel as far as pos-
sible. If necessary, the subject was allowed to fall for-
ward, catching himself/herself with the hands. Figure 1
illustrates the forward MBT.

The backward MBT was a test of the posterior ab-
dominal muscles associated with the trunk extension
strength of the core musculature. The subject assumed
an identical tall kneel start position to the forward
MBT. To initiate the throw, the subject flexed the hips
and lumbar spine and were allowed to drop the hips;
in this position the gluteal muscles may have touched
the subject’s calcaneous. The subject then extended the
hips and lumbar spine while maintaining the initial arm
position. When the lumbar spine and hips returned to a
neutral position, the subject released the medicine ball
with enough force to allow the ball to travel as far as
possible. Figure 2 illustrates the backward MBT.

The rotational MBT consisted of rotation to both the
right and left side of the subject’s body. The subject as-
sumed a similar tall kneel start position to both the for-
ward and backward MBT. The only positional change
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Fig. 2. Backward Medicine Ball Toss Test; A. Tall kneeling start position; B. Hip and lumbar flexion prior to initiating throw; C. Forceful lumbar

contraction with follow through after release.

C

Fig. 3. Rotational Medicine Ball Toss Test; A. Tall kneeling start position; B. Lumbar rotation prior to initiating throw; C. Forceful abdominal

contraction with follow through after release.

during this test was that the arms were positioned be-
side the subject’s torso to remain there throughout the
throw, shoulders at neutral with no flexion or exten-
sion, elbows locked at 90 degrees of flexion, and wrists
in neutral. The medicine ball was to be held in both
hands with palms facing inward toward each other.
This upper extremity position was to be maintained, to
the best of the subject’s ability, throughout the dura-
tion of the throw. To initiate the throw, the subject ro-
tated the upper body at the lumbar spine (either to the
right or left), and continued to maintain arm position.
The subject then rotated the lumbar spine in the oppo-
site direction as the starting position (either to the right
or left). When lumbar spine returned to neutral rota-
tion, the subject was to release the ball allowing it to
travel as far as possible. The subject was able to follow
through with the rotational motion of the lumbar spine.
Figure 3 illustrates the rotational MBT.

The distance of each throw was measured in cen-
timeters from the line at which the individual was tall
kneeling. This line was located at the most anterior por-

tion of the individual’s body where contact was made
with the padded mat, during the forward and back-
ward MBTs. During the right/left rotational MBTs the
distance of the throw was measured from the line at
which the individual was tall kneeling. This line was at
the most lateral portion of the individual’s body where
contact was made with the padded mat. The mea-
surement was extended to the first point at which the
medicine ball made contact with the floor. The mea-
surement was made as a shot put is measured, with the
tape measure placed at the zero point where the indi-
vidual was tall kneeling and extended to the point at
which the ball made its first contact.

2.3. Statistical analysis

All data were analyzed using SPSS 21.0 (SPSS
Inc., Chicago, IL). Data was analyzed in three sepa-
rate groups including, overall, females, and males. All
data were assessed for normality using a Shapiro-Wilk
test. Descriptive statistics were calculated for all vari-
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Table 1
Medicine ball toss test descriptive statistics — overall
Day 1 Day 2
n Mean Standard deviation Mean Standard deviation
Forward Medicine Ball Toss Test (cm) 20 272.48 59.06 255.34 69.14
Backward Medicine Ball Toss Test (cm) 20 287.70 71.47 267.68 77.42
Rotational Medicine Ball Toss Test-Right (cm) 20 201.83 71.64 184.82 65.09
Rotational Medicine Ball Toss Test-Left (cm) 20 187.11 56.86 174.62 59.55
Table 2
Medicine ball toss test descriptive statistics — male and female
Day 1 Day 2
n Mean Standard deviation Mean Standard deviation

Male

Forward Medicine Ball Toss Test (cm) 10 264.90 69.27 241.08 60.29

Backward Medicine Ball Toss Test (cm) 10 276.00 78.02 237.23 62.26

Rotational Medicine Ball Toss Test-Right (cm) 10 198.64 75.00 183.21 72.27

Rotational Medicine Ball Toss Test-Left (cm) 10 188.58 59.68 173.03 70.01
Female

Forward Medicine Ball Toss Test (cm) 10 280.06 49.38 269.61 77.49

Backward Medicine Ball Toss Test (cm) 10 299.40 66.29 298.14 81.95

Rotational Medicine Ball Toss Test-Right (cm) 10 205.01 72.02 186.43 60.95

Rotational Medicine Ball Toss Test-Left (cm) 10 185.64 57.08 176.22 50.78

ables. An intraclass correlation (ICC 2,1) coeffficient,
95% confidence intervals, and the standard error of
measurement (SEM; standard deviation of all averaged
MBT distance*square root [1-ICC]), were used to an-
alyze the test-retest reliability of each of the MBTs be-
tween sessions one and two. Minimal differences to
be considered real were calculated using the formula
MD = SEM*1.96*,/2 [15]]. A Pearson correlation co-
efficient and 95% confidence intervals were utilized to
correlate each MBT with the isokinetic measures of
strength in the same direction. This was determined us-
ing the distance of the MBT (session one) as it com-
pares to the average peak torque during the Biodex test-
ing session (session one). The significance level of al-
pha < 0.05 was set a priori.

3. Results

Tables 1 and 2 contain descriptive statistics for MBT
performance. Tables 3 and 4 contain descriptive statis-
tics for isokinetic strength test performance. All data
were normally distributed; therefore Pearson corre-
lation coefficients were calculated for all correlation
analyses.

ICCs were calculated to determine the between day
reliability of the forward, backward, and rotational
(right/left) MBTs. Significant correlations were ob-
served across all variables for each of the ICCs demon-

strating excellent reliability for each of the MBTs [10].
ICCs are presented in Tables 5 and 6.

Pearson correlation coefficients were calculated to
determine the validity of the MBTs compared to mea-
sures of isokinetic strength. No significant correlations
were observed between any of the MBTs and their
respective isokinetic strength test. Pearson correlation
coefficients are presented in Tables 7 and 8.

4. Discussion

Core strength is an integral component of core sta-
bility and an important factor in athletic ability [1].
Measurement of true core strength in the clinical set-
ting has proven to be a challenging task, given that cur-
rent measures do not have clearly established reliabil-
ity or validity. Core strength can be measured in the
laboratory setting with the use of isokinetic dynamom-
etry but this method is expensive and not portable. Pre-
vious research has suggested that MBTs may be as a
proxy measure of core strength, but, although reliable,
previous MBTs are of questionable validity due to ac-
cessory motions and contribution of the upper and/or
lower extremity [3l9]. Therefore the purpose of this
study was to determine if newly developed MBT that
minimize use of the upper and lower extremity are a
reliable and valid clinical measure of core strength as
assessed through test-retest reliability and compared to
isokinetic dynamometry, respectively.



M.A. Sell et al. / Reliability and validity of medicine ball toss tests as clinical measures of core strength 157
Table 3
Isokinetic strength test descriptive statistics — overall
n Mean Standard deviation Median
Flexion Average Peak Torque (N - m) 20 179.26 57.86 157.25
Extension Average Peak Torque (N - m) 20 305.77 108.51 281.40
Right Rotation Average Peak Torque (N - m) 20 109.23 35.15 99.80
Left Rotation Average Peak Torque (N - m) 20 102.83 31.81 93.45
N-m = Newton Meter.
Table 4
Isokinetic strength test descriptive statistics — male and female
n Mean Standard deviation Median
Male
Flexion Average Peak Torque (N - m) 10 220.21 53.10 225.00
Extension Average Peak Torque (N - m) 10 384.71 92.61 378.10
Right Rotation Average Peak Torque (N - m) 10 136.23 28.03 132.60
Left Rotation Average Peak Torque (N - m) 10 126.11 27.36 126.75
Female
Flexion Average Peak Torque (N - m) 10 138.30 22.82 134.65
Extension Average Peak Torque (N - m) 10 226.83 49.32 224.65
Right Rotation Average Peak Torque (N - m) 10 82.22 14.22 82.30
Left Rotation Average Peak Torque (N - m) 10 79.55 13.53 79.15
N-m = Newton Meter.
Table 5
Intraclass correlation coefficients (2,1) — overall
95% confidence interval
Intraclass Correlation Lower bound Upper bound SEM MD
Forward Medicine Ball Toss Test 0.835* 0.600 0.934 26.02 72.13
Backward Medicine Ball Toss Test 0.835* 0.598 0.934 30.16 83.59
Rotational Medicine Ball Toss Test-Right 0.870* 0.660 0.949 24.56 68.07
Rotational Medicine Ball Toss Test-Left 0.909* 0.742 0.966 17.44 48.34
*Significant correlation, p < 0.001.
Table 6
Intraclass correlation coefficients (2,1) — male and female
95% confidence interval
Intraclass correlation Lower bound Upper bound SEM MD
Male
Forward Medicine Ball Toss Test 0.877* 0.310 0.973 22.58 62.58
Backward Medicine Ball Toss Test 0.804* —0.015 0.959 31.66 87.77
Rotational Medicine Ball Toss Test-Right 0.884* 0.616 0.969 24.56 68.08
Rotational Medicine Ball Toss Test-Left 0.898* 0.623 0.987 20.38 56.49
Female
Forward Medicine Ball Toss Test 0.797* 0.391 0.945 28.60 79.27
Backward Medicine Ball Toss Test 0.861* 0.691 0.981 27.05 74.97
Rotational Medicine Ball Toss Test-Right 0.866* 0.530 0.965 24.03 66.59
Rotational Medicine Ball Toss Test-Left 0.936* 0.760 0.984 13.36 37.03
*Significant correlation, p < 0.001.
Table 7
Pearson correlation coefficients — overall
95% confidence interval
r Lower bound Upper bound p-value
Forward Medicine Ball Toss Test —0.047 —0.479 0.403 0.845
Backward Medicine Ball Toss Test —0.074 —0.500 0.380 0.756
Rotational Medicine Ball Toss Test-Right 0.051 —0.400 0.482 0.832
Rotational Medicine Ball Toss Test-Left 0.180 —0.285 0.576 0.447
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Table 8

Pearson correlation coefficients — male and female

95% confidence interval

r Lower bound Upper bound p-value

Male

Forward Medicine Ball Toss Test 0.008 —0.624 0.634 0.983

Backward Medicine Ball Toss Test 0.217 —0.477 0.744 0.547

Rotational Medicine Ball Toss Test-Right 0.209 —0.484 0.741 0.563

Rotational Medicine Ball Toss Test-Left 0.359 —0.349 0.806 0.309
Female

Forward Medicine Ball Toss Test 0.288 —0.417 0.776 0.419

Backward Medicine Ball Toss Test —0.222 —0.747 0.473 0.537

Rotational Medicine Ball Toss Test-Right 0.021 —0.616 0.642 0.954

Rotational Medicine Ball Toss Test-Left 0.034 —0.608 0.649 0.925

The specific MBTs that were employed in this study
have not been described in previous literature; there-
fore, the reliability of these MBTs has not previously
been explored. Other MBTs with similar techniques
have demonstrated similar reliability to that of the
MBT used in the current study. The BOMB (backward
overhead medicine ball toss test) test has previously
demonstrated a reliability of ICC = 0.86, while our
backward MBT had just slightly reduced reliability for
the overall subject group at ICC = 0.84 [9]. The reli-
ability of both the BOMB and our backward MBT is
good, but the BOMB has an increased reliance on both
the upper and lower extremity to throw the medicine
ball, where as our technique was able to eliminate the
use of the upper and lower extremity. A forward MBT
performed as an abdominal sit up in the supine posi-
tion with the arms locked at the ears has been previ-
ously described as having reliability of ICC = 0.95 [3]].
The forward MBT employed in the current study had
just slightly reduced reliability for the overall subject
group at ICC = 0.84. The reliability of both forward
MBTs is good, but the difference between these tests is
that our forward MBT limited hip motion by having the
individual in a tall kneel position. The forward MBT
employed in previous studies may have had increased
reliance on the musculature surrounding the hip, us-
ing it to lift the individual’s torso and upper extremity
from the floor [3]. Performance of the forward MBT
in this fashion may be limited by the strength of the
hip flexors rather than the strength of the anterior ab-
dominal muscles because it requires the individual to
come from a supine position to an upward sitting po-
sition. The methods employed for the forward MBT in
the current study may have been able to isolate the per-
formance of the core musculature by constraining the
arm and leg movements during both our forward MBT.
A second possible explanation for the significant cor-
relation was the ease and reproducibility of the MBTs.
The fact that subjects were easily able to reproduce the

intended movements may have led to decreased vari-
ability in MBTs both within test session one and test
session two, as well as between test session one and
test session two. The methods in the current study fo-
cused on the restraint of both the upper and lower ex-
tremity in order to recruit only the core musculature to
perform the MBTs. While this may have negatively af-
fected validity, it appears to have positively affected re-
liability by reducing the variability between trials and
between subjects resulting in a significant correlation
and high reliability of each of these MBTs.

The validity of the MBTs was not able to be estab-
lished relative to isokinetic strength testing in the cur-
rent study. This potentially limits the usefulness of the
MBTs as an examination of core strength [319/12]]. The
poor validity identified in our study may be explained
by the strict isolation of the core musculature during
the task, which may have diverted the focus of the sub-
ject from maximal contraction of abdominal muscles
during the MBTs to maintenance of the test position.
This included restriction of any excessive arm move-
ment, which may have placed too much constraint on
performance of MBTs as individuals focused on re-
stricting arm movement at the expense of maximal ef-
fort contraction of the core musculature being studied.
It may also be possible that the subjects were not able
to maintain the strict arm position throughout the dura-
tion of the throw. This may have resulted in small ex-
cess motion which occurred outside of the strict stan-
dardized position. This small excess motion may have
subsequently positively affected performance during
the MBTs. Based on observation, the tests of isoki-
netic strength employed in this study appear to facil-
itate maximal effort from the core musculature. Dif-
ferent contraction types may have been employed dur-
ing isokinetic strength testing when compared to the
MBTs. Although both the isokinetic strength testing
and the MBTs are concentric movements the differen-
tiating factor is that the MBTs are performed in an iso-
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tonic state. Isokinetic strength testing is a measure of
strength at a constant velocity. Although directions, as
well as visual demonstrations, were provided to each
subject prior to initiation of each of the MBTs, it can-
not be ensured that all of the MBTs were performed at
a constant velocity. There is also the additional compo-
nent of acceleration and deceleration that is inherently
present during the MBT's that compromises any poten-
tial isokinetic components of the task. The variability
of contraction types may have resulted in a weak corre-
lation between the two tests. If the MBTs were done at
varying velocities the measurement is no longer truly
isokinetic, therefore the MBTs and tests of isokinetic
strength employed by the Biodex System are no longer
measuring the same type of contraction. Additionally,
isokinetic strength testing is not a functional test in
comparison to MBTs. This difference in functionality
of the tests may have resulted in the poor correlations
that were observed. But, this poor correlation does not
indicate the MBTs predictive capabilities as they relate
to injury or performance.

Strength measures, including MBTs and isokinetic
strength, should not only be examined at the level of
the overall subject group but analyzed by gender due to
the inherent differences that exist. Males have demon-
strated a mean and standard deviation of 247.5 £ 25.8
for trunk flexion and 267.5 £ 45.0 for trunk extension,
while females have demonstrated a mean and stan-
dard deviation of 131.9 + 54.6 for trunk flexion and
188.0 & 84.1 for trunk extension [24]. During bilat-
eral trunk rotation males have demonstrated a mean
and standard deviation of 138.8 £ 33.7, while a fe-
males have demonstrated a mean and standard devi-
ation of 94.3 £+ 10.4 [5l12]. Our study demonstrated
isokinetic strength measures consistent 'with previous
research for both males and females. Our results also
confirmed similar results for reliability between gen-
ders; all MBTs demonstrated good reliability.

Although both genders failed to-determine validity
compared to measures of isokinetic strength there were
major differences between the correlation coefficients.
Overall, females performed better on all MBTs, throw-
ing the ball further than the males. Females tended to
have an increased ICC compared to the males during
the forward MBT. For the backward MBT males and
females had similar ICCs, but males demonstrated pos-
itive ICCs while females demonstrated negative ICCs.
MBTs in the direction of bilateral rotation had ICCs
that were much lower for females compared to males.
These differences in ICCs may be due to differences
in how the gender groups approached each MBT. Fe-

males tended to have an increased ability to keep their
arms locked in the appropriate positions during the du-
ration of each throw, where males struggled to main-
tain proper position. But, during the rotational MBT
this may have had the opposite affect, decreasing the
ICC of the females. Secondly, our female population
was made up primarily of division one gymnasts, the
movements required for the MBTs mimic some of the
movements required of their sport, specifically in the
forward and backward MBT directions. This may be an
appropriate explanation for the difference in direction
of the ICC for the backward MBT. The females likely
have increased lumbar spine extension range of mo-
tion compared to the males. During the backward MBT
they were able to reach maximum extension without
restrictions and excess stabilization. In opposition dur-
ing the isokinetic strength testing the strict stabiliza-
tionmay have prevented them from reaching this same
lumbar spine extension, potentially explaining the neg-
ative direction of the ICC. These differences between
genders warrant further investigation to determine if
gender specific MBTs are necessary to determine the
validity of MBTs compared to isokinetic strength test-
ing.

The results of the current study demonstrate that
these MBTs may be used as a reliable clinical measure
when comparing MBTs distances within subjects be-
tween days. However, advocating the use MBTs as a
measure of core strength, specifically relative to isoki-
netic core strength, may be a poor decision as the
MBTs demonstrated a poor relationship with isoki-
netic core strength in all directions tested. Future re-
search may look to validate MBTs to other types of
core strength or power in addition to revising the MBT
testing procedures to potentially improve validity com-
pared to isokinetic strength tests. The possibility ex-
ists that the speed at which the MBTs were completed
was much faster than the speed at which the isokinetic
strength testing was completed. It may be necessary
to increase the speed of the isokinetic strength testing
in order to replicate the speed that an individual pro-
duces during the MBTs. If higher speeds of isokinetic
strength testing are shown to be predictive of injury
or performance, then this relationship would be espe-
cially important. There is also the possibility that the
strength of the core musculature is movement-specific
and that the exact dynamic movement performed dur-
ing the MBTs is not replicated during the tests of isoki-
netic strength completed with the Biodex System. Fu-
ture research should look to make procedural modifica-
tions, including the speed and movement patterns dur-
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ing isokinetic strength testing and determine if validity
is increased while reliability is preserved.

The primary purpose of this study was to determine
whether the three separate MBTs could demonstrate
good test-retest reliability. The secondary purpose of
this study was to determine whether the three separate
MBTs could provide a valid clinical measurement tool
of core strength. The hypothesis that the MBTs could
demonstrate strong test-retest reliability was supported
by the significant ICCs that existed between the MBTs
in test session one and the MBTs in test session two.
The hypothesis that each of the MBTs could provide
a valid clinical measurement tool of core strength was
not supported, due to our lack of correlation between
the MBTs and the measures of isokinetic strength.
These results indicate that additional research is nec-
essary to determine the appropriate MBTs that can be
employed for assessment of core musculature strength.
Future studies should include a modification of each
of the MBT techniques to allow for maximal effort of
the core musculature, as well as finding a field-friendly
measure that is valid against isokinetic strength testing,
while also being reliable.
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