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ABSTRACT

Objective: Determine the reliability of two different modified (MOD1 and MOD?2) testing methods com-
pared to a standard method (ST) for testing trunk flexion and extension endurance.

Participants: Twenty-eight healthy individuals (age 26.4 + 3.2 years, height 1.75 + m, weight 71.8 + 10.3 kg,
body mass index 23.6 + 3.4 m/kg?).

Method: Trunk endurance time was measured in seconds for flexion and extension under the three differ-
ent stabilization conditions. The MOD1 testing procedure utilized a female clinician (70.3 kg) and MOD2
utilized a male clinician (90.7 kg) to provide stabilization as opposed to the ST method of belt stabilization.

Results: No significant differences occurred between flexion and extension times. Intraclass correlations
(ICCs, ) for the different testing conditions ranged from .79 to .95 (p <.000) and are found in Table 3. Con-
current validity using the ST flexion times as the gold standard coefficients were .95 for MOD1 and .90 for
MOD?2. For ST extension, coetficients were .91 and .80, for MOD1 and MOD2 respectively (p <.01).

Conclusions: These methods proved to be a reliable substitute for previously accepted ST testing methods
in normal college-aged individuals. These modified testing procedures can be implemented in athletic
training rooms and weight rooms lacking appropriate tables for the ST testing.
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INTRODUCTION

Trunk/core stability and endurance have been inves-
tigated with respect to potential contribution to injury
and athletic performance in activities such as run-
ning and jumping. Workers who reported low back
pain (LBP) had decreased trunk extensor endurance.'
This lack of endurance appears to be a predictor of
future occurrences of LBP.2* Imbalance between flex-
ion and extension trunk muscle endurance times
may be even more important than isolated trunk
endurance deficits.* The cause of LBP appears to be
associated with an imbalance of flexion-extension
endurance times, with the extensors having less
endurance than the flexors.*

Expensive isokinetic testing has been used to assess
strength and work of the trunk musculature.>® This
type of testing, although able to provide the clinician
with discrete data, is expensive, time intensive, and
requires a lot of space. Less expensive isometric
trunk endurance testing is more clinically available
and practical.?” This type of testing also affords more
clinical applicability.

Acceptable clinical tests that measure the strength or
power component of trunk stability have been recently
advocated because they may be more useful,® and may
better mimic the demands imposed by sport.® While
strength and power are more likely representative of
athletic explosive demands, trunk strength appears to
have little, or a very weak, relationship with low back
health.” Trunk endurance testing, however, continues
to be warranted and necessary for at least two reasons.
One, these muscles are predominantly type I muscle
fibers"'* that appear to become more anaerobic as a
result of deconditioning.' Two, trunk muscles’ maxi-
mum isometric strength was not associated with LBP in
athletes. However, the same authors found a relation-
ship between trunk muscle endurance imbalance and
LBPinthe same athletes.'* Additionally, balance between
the various trunk muscle endurance values was found
to be a better predictor of LBP than strength alone.*

Normative values exist for trunk endurance assess-
ments among college-aged students with no history
of LBP' as well as college-aged male rowers.!* These
methods used for testing trunk endurance demon-
strate excellent reliability'*'®* Implementation of
these testing techniques in some rehabilitation and
athletic training environments is, however, poten-
tially limited because these tests require appropriate
tables and the use of multiple belts. Therefore, the
use of these methods in settings without the correct
equipment or with large groups may be limited. The
purpose of this research was, therefore, to compare
the reliability of modified trunk flexion and exten-
sion testing set-ups to previously established testing
procedures. Concurrent validity between endurance
times (in seconds) using the standard method and
the modified methods was also examined.

METHODS

Participants

An a priori power analysis showed that a sample size
of 25-30 individuals would be needed to achieve a
moderate effect size (.60) and 80% power. The par-
ticipants consisted of 28 athletic individuals (14
females and 14 males), with no history of hip or LBP
within the past 6 months, no history of hip or lum-
bar surgery, and no experience with the testing
methods (Table 1). Participants were physically
active in aerobic and/or strength training (running,
basketball, and/or weightlifting) one to four times
per week. The study was approved by the Wichita
State University Institutional Review Board for the
Protection of Human Subjects. Informed consent
was obtained. Participant rights were protected and
the investigation conformed to the protocol and ethi-
cal and humane research principles.

Methods

Written information and oral instructions were given
before each test. All participants were timed during
the performance three techniques (standard [ST],

Table 1. Demographic Characteristics of Participants (n = 28).

Age (years)  Height (m) Weight (kg) BMI (kg/mz)
Mean + SD 26.4+32 175+ .9 71.8+10.3 23.6+34
(Minimum — maximum) 23-38 1.60-1.93 56.70-90.72 19.6-34.4
Abbreviations: SD= standard deviation; m= meters, kg= kilograms; BMI= body mass index

The International Journal of Sports Physical Therapy | Volume 7, Number S | October 2012 | Page 534




Figure 1. Flow Diagram of Study Design.

modification one [MOD1], modification two [MOD?2])
for both flexion and extension at one-week intervals
(Figure 1). Testing type (flexion or extension) was
randomly selected at the first session. Testing order
was randomly determined at each testing session. A
10- minute dynamic warm-up (easy jogging, dynamic
movement drills including marching, marching toe
touches, and hurdle step overs) was performed by
subjects at the beginning of each session. Participants
rested 5 minutes between flexion and extension
testing at all sessions. The MOD1 and MOD?2 tech-
niques used two different clinicians, one female,
MOD1, and one male, MOD?2, as described below to
provide stabilization in lieu of belts for the ST tech-
nique. The clinician not providing stabilization
performed the endurance timing as per previous
investigation'® and specifically described below.

Maintaining the test position as long as possible was
encouraged prior to all testing, using standardized
instructions. Participants were not encouraged dur-
ing testing. Each participant performed one trial of

each testing method. Participants were informed of
their times after study completion. Participants were
encouraged to maintain their current activity level
between testing sessions, specifically for trunk mus-
cle activity. This included specific instruction not to
change the current frequency or intensity of the aer-
obic, anaerobic, weightlifting activities.

Trunk Extension Testing Procedures

Standard testing for trunk extension was performed
according to McGill et al’s modification.!* The original
method, from which this modification was modeled,
is a reliable measure of back extensor endurance.! For
all trunk extension testing, participants were instructed
to lie prone. The lower body was fixed to the table sur-
face via straps at the ankles, knees, and hips for stan-
dard testing. The upper body (from just above the
level of the anterior superior iliac crest) was off the
surface of the plinth. Participants held their upper
body off the end of the table by pushing with their
extended arms on a chair directly below them. Partici-
pants were instructed to maintain the horizontal posi-
tion for as long as possible once testing commenced.
At the initiation of the test, the upper limbs were lifted
off the chair and crossed over the chest with the hands
resting on the opposite shoulders. A stopwatch was
used to time from the instant the upper limbs were
lifted off the chair and crossed over the chest (and
the participant assumed the horizontal position) as
described above until the participant visually deviated
from the horizontal plane. The same procedures were
used for all methods of measuring extension.

The modified testing procedures used a clinician to
hold the participants’ lower extremities down, replac-
ing the straps used during the standard procedure. A
clinician lay across the backs of the lower extremities
so that the middle of the clinician’s trunk was over the
middle of the participant’s posterior knees (Figure 2).
The clinician (either MOD1 or MOD2) not providing
stabilization to the participant measured the endur-
ance time. This clinician stood to the participant’s
side and used the above-mentioned criteria of the
participant’s visually deviating from the horizontal
plane as the criterion for ending the extensor endur-
ance test.

The MODI1 technique utilized a female clinician (age
26 years; height 1.80 m and weight 70.30 kg) and the
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Figure 2. Modified Trunk Extension Testing Method.

MOD2 technique utilized a male clinician (age 25
years; height 1.93 m and weight 90.70 kg) to provide
stabilization. None of the participants related any com-
plaints regarding the modified testing procedures.

Trunk Flexion Testing Procedures

Standard testing for trunk flexion was performed
according to previously published methods.* For all
trunk flexion testing, participants were positioned
supine, with both hips and knees flexed to 90 degrees,
trunk inclined at 60 degrees resting on a prefabri-
cated wedge. Stabilization was achieved with a belt
around the table and over the dorsum of the feet
(with shoes on) for the standard method. Partici-
pants crossed their arms across the chest, placing
their hands on opposite shoulders, in a manner com-
fortable to them. Participants maintained their body
position for as long as possible after the wedge was
moved back 10 cm. Time was measured from the
instant the prefabricated wedge was moved back
until the participant visually reestablished contact
with the wedge. This was the same for all methods.

Modified testing procedures used a clinician to hold the
participants’ feet rather than using straps (Figure 3).
The clinician (either MOD1 or MOD2) not providing
stabilization to the participant measured the endurance
time. This clinician stood to the participant’s side and
used the above-mentioned criteria of the participant’s
visually re-contacting the wedge as the criterion for
ending the endurance test.

Statistical Analyses
Means and standard deviations for all endurance
measurements were generated. Repeated measures

Figure 3. Modified Trunk Flexion Testing Method.

analyses of variance (ANOVA) with Bonferroni cor-
rection were used to analyze differences in mean
flexion and extension times. The intraclass correla-
tion coefficients (ICC, ) were used to assess reliabil-
ity between test methods. Pearson’s r was used to to
analyze concurrent validity between the gold stan-
dard (ST times) and times using the modified
approaches. SPSS V 17.0 (Chicago, IL) was used to
analyze the data. Alpha level was set at 0.05.

RESULTS

The mean endurance times for the three methods
assessing flexion endurance time ranged from 304.73 +
207.32 seconds (MOD1 flexion) to 344.26 + 217.09
seconds (MOD2 flexion). Mean endurance times
ranged from 141.12 + 50.44 seconds (MOD1 exten-
sion) to 148.87 + 43.68 seconds (MOD2 extension)
(Table 2). Means for flexion and extension times were
not significantly different. Intraclass correlations
(ICCs,,) for the different testing conditions ranged
from .79 to .95 (p <.000) and are found in Table 3.
Concurrent validity using the ST flexion times as the
gold standard coefficients were .95 for MOD1 and .90
for MOD2. For ST extension, coefficients were .91
and .80, for MOD1 and MOD2 respectively (p <.01).

DISCUSSION

Modified stabilization methods appear to be a valid
and reliable substitute when standard method equip-
ment is not available. These modified techniques
may be utilized by clinicians of different sizes and in
different settings. Many rehabilitation settings do

The International Journal of Sports Physical Therapy | Volume 7, Number 5 | October 2012 | Page 536




Table 2. Mean (+SD) time (seconds) and minimum/maximum values (time in seconds) of the three

testing methods (n = 28).

Mean (seconds) Range
ST flexion 339.32 + 214.47 (62.6 — 966.4)
MOD1 flexion 304.73 + 207.32 (73.8 — 982.0)
MOD2 flexion 344.26 + 217.09 (84.5 — 866.2)
ST extension 147.22 + 50.33 (77.9 - 274.0)
MOD1 extension 141.12 £ 50.44 (76.5 - 274.0)
MOD2 extension 148.87 + 43.68 (61.1 —-220.7)
Abbreviations: ST= standard testing procedure; MOD1= modified testing procedure with
first clinician (female; height of 1.80 m and weight of 70.30 kg; BMI of 21.6); MOD2=
modified testing procedure with second clinician (male; height of 1.93 m and weight of
90.70 kg; body mass index of 24.3).

Table 3. Reliability of Testing Conditions (n=28). All ICCs are significant at the P < 0.000 level.

Test condition comparisons ICCs3, 1 95% CI SEM
ST — MOD1 flexion 0.95 .90-.98 4715
ST — MOD?2 flexion 0.90 .80-.95 68.23
MOD1 — MOD2 flexion 0.89 77-.95 70.38
ST-MOD1-MOD2 flexion 0.91 .85-.96 63.78
ST — MOD1 extension 0.80 .62-.90 22.53
ST — MOD2 extension 0.90 .80-.95 14.86
MOD1 — MOD2 extension 0.79 .59-.90 21.56
ST-MOD1-MOD2 extension 0.83 .71-.91 20.29
Abbreviations: ST= standard testing procedure; MOD1= modified testing procedure with
female clinician; MOD2= modified testing procedure with male clinician; ICC= Intraclass
Correlation Coefficient; Cl= Confidence Interval; SEM= standard error of measure.

not have tables that allow a belt to be wrapped under
its surface, eliminating the possibility of using the
original testing methods. Alternative methods, such
as those used in this study, therefore, can be imple-
mented reliably.

The ICCs for flexion and extension are considered
moderate to excellent, respectively.!” Other studies’
ICC values are higher because researchers used mul-
tiple measurements for each test.!*'> To prevent
fatigue from interfering with the participants’ best
effort, time was measured only once for each method
at weekly intervals. ICCs using average measures
are consistently higher than those measures using
single measurements.®

The authors of the current study are aware of only one
other study that has investigated the correlation
between the ST methods and any modification.'® Inter-
rater reliability for the modified testing procedures
using a clinician in the same manner as the current
study was 0.97 for extension and 0.93 for flexion. Cor-
relation of endurance times for this modified testing'®
with the ST procedure was 0.90 and 0.84 for extension
and flexion, respectively. A limitation in the Reiman
et al. study'® was that the clinician providing stabiliza-
tion was always larger than the participant.

Concurrent validity of the MOD tests with the ST test
was determined by the correlation between the exten-
sion and flexion times, respectively. The absolute
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value of validity is an accurate indicator of the extent
of validity determined as follows: correlation coeffi-
cients >.80 indicate high validity, values between .60
and .80 indicate good validity, values between .40 and
.59 indicate moderate validity, and values < .40 indi-
cated poor validity.' Thus, the values from this study
show that modified methods are valid measures as
efficient as compared to the gold standard (use of
belts) and, therefore, may be used instead.

The reliability reported in the current study was lower
than previously reported values.' The testing method
in the McGill et al study used only five participants
tested consecutively for 5 days and then once 8 weeks
later.’* The current study involved more participants
(n=28) and fewer test sessions, which is more likely
representative of clinical situations.

Although the clinician who provided stability is not
the same as a static belt, no resistance on the part of
the clinician was required. The clinician simply lay
over the lower extremities (or sat on the feet in the
case of flexion) and remained stationary, using his/
her body mass as a stabilizing force throughout
the test. Neither the clinician nor the participants
reported any adverse effects of this method. All of
the participants subjectively reported that they were
stabilized equally during all sessions.

Limitations

There are a number of limitations in this study that
warrant mention. Although these modified testing
methods appear to be acceptable alternatives to the ST
testing procedure in a normal, asymptomatic popula-
tion, their applicability in LBP subjects is unknown.
Trunk extensor® and flexor”**# muscle endurance
times in subjects with LBP are less than those in the
normal healthy population and it is unknown whether
this would impact the reliability or validity of the
methods. Trunk muscle endurance testing methods
have been implemented in different LBP popula-
tions.?*?* Tt remains to be determined whether the
modified procedures will compare favorably in a
symptomatic population.

The criterion for test termination for measuring
flexion endurance was previously established as
deviating from the 60-degree angle.'*'> The authors
of the current study determined, with pilot testing,

that reliability was lower using the criterion of break-
ing the 60-degree plane in any manner compared to
the subject’s breaking the plane by contacting the
pre-fabricated wedge. We believe the latter more
clearly defines test termination. In pilot testing, it
was often difficult to ascertain if the subject broke
the 60-degree plane throughout the entire spine.
Many subjects would lose lumbar lordosis, yet appear
to maintain the 60-degree angle and not contact the
wedge. Due to this potential complication in test ter-
mination criterion, which was also encountered by
Chan,'® the authors decided on the termination cri-
terion being when the subject contacted the pre-
fabricated wedge. Although reliability was lower than
the initial standardization studies,'* it was still high.
The different criterion for test termination may be a
factor for the differences seen between the current
results and those of Chan'* and McGill et al.*

These modified techniques were found to be reliable
methods of testing trunk endurance, allowing for poten-
tial use in research to determine normative values for
different populations. Future research regarding modi-
fied endurance testing methods should investigate the
size relationship between the clinician and testing par-
ticipant in different populations. Determining the ratio
of clinician to participant size needed for sufficient sta-
bilization in order to achieve reliable outcomes could
provide additional information.

PRACTICAL APPLICATIONS

The modified testing methods employed in this
study can be utilized as substitute testing methods
in healthy adults when proper tables and belts are
not available. Having athletes partner with someone
of similar size may provide greater validity, but it
not essential. Multiple athletes can be tested at the
same time when the athletes partner together and
provide stabilization for each other. These proce-
dures, therefore, could be implemented in most ath-
letic training rooms and weight rooms and afford
greater efficiency when testing large groups.

CONCLUSION

The use of the MOD1 and MOD2 procedures to test
trunk flexion and extension endurance is a reliable
alternative to the ST method. The use of these modi-
fied procedures will allow clinicians in settings without
appropriate tables to assess trunk endurance times
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accurately. Having another individual stabilize partici-
pants also allows testing of large groups, such as ath-
letic teams, more efficiently than with standard testing.
Further study is necessary to determine these testing
procedures’ reliability and applicability with partici-
pants with LBP.
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