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Abstract

Measuring muscle performance is a common objective for many
clinicians. However, many available testing measures are imprecise,
resource prohibitive and designed to measure single, isolated joints
[1-4]. Therefore, it is difficult to accurately assess the effectiveness of
interventions designed to improve strength and power as they relate
to function. At best, clinicians use surrogate measures of total body
muscle performance such as grip strength, sit-to-stand movements
and broad jumps. Each targets a different aspect of performance —
strength, endurance, or power — and none incorporates the entire
kinetic chain.

The Isometric Mid-Thigh Pull (IMTP) is a simple and safe multi-
joint test of strength and power used extensively in athletes [5-7].
Previous studies testing athletes suggest that greater isometric strength
is associated with greater muscular power and force production
against gravity [8]. The IMTP requires coordination of the lower
extremity and core (deeper abdominal and back muscles, including
transverse abdominis, internal and external obliques and multifidi)
muscles to transmit force to the bar. The upper extremity links the
legs and trunk to the bar and contributes to force development. Sit-to-
stand tests and the broad jump require lower extremity coordination
and trunk control but have little upper extremity involvement. Grip
strength isolates upper extremity function. The IMTP incorporates
grip strength, lower extremity power and endurance, and whole-body
coordination. There appears to be an overlap among these tests, with
the potential for efficient assessment of total body strength with the
IMTP.

Multi-joint isometric tests like the IMTP correlate well with dynamic
and functional activities [9]. Multi-joint testing closely replicates the
neural and mechanical conditions required in athletic performance
and daily functional activities [10]. The IMTP is quicker, simpler to
administer and safer to perform than other standardized multi-joint
tests like one-repetition maximum (1RM) squat or dead lift which

require force generation in large ranges of motion and challenge
overall coordination. Maximum effort isoinertial tests such as the
IRM are not practical in novice, elderly, or functionally limited
populations [11]. The IMTP can measure clinically important aspects
of overall function such as rate of force development (RFD) and peak
force (PF).

Despite promising results of IMTP validity and reliability in
studies using athletes, conclusions need to be tempered due to small
samples [6, 12-14]. There has been minimal investigation regarding
clinimetric properties of the IMTP in people who are not competitive
athletes. The purpose of this study is to establish test-retest reliability
and concurrent validity of the IMTP in recreationally active adults.
We compared IMTP performance to common clinical measures (grip
dynamometry, sit-to-stand performance tests and broad jump) [6,
15-17]. We hypothesized that (1) PF would be stable across a 7-21-
day test-retest window, (2) IMTP PF would correlate strongly with
standard clinical tests, and (3) the IMTP PF would be a good estimate
of combined performance of grip strength, sit-to-stand tasks, and
broad jump.

Methods

A convenience sample was recruited from two college communities
via flyers and email correspondence. As this was a pilot investigation
of the IMTP meant to understand the variability of performance in
recreationally active adults, no a priori sample size calculation was
performed. Participants were screened for eligibility and excluded
based on the following criteria: musculoskeletal injuries in the past 6
months or any surgery in past 3 months that may limit participant’s
ability to perform a maximum effort contraction or systemic illness
or condition that could affect a participant’s ability to complete
the procedures safely. Participants provided written consent after
an Informed Consent discussion to explain the study and answer
relevant questions. The rights of participants were protected. This
study received approval from the Rutgers University Institutional
Review Board (#XXXXXXXXXX).
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All testing sessions were completed in a laboratory setting.
Participants completed the International Physical Activity
Questionnaire (IPAQ) which describes physical activity in the past 7
days. To ensure adequate functioning of muscle and minimize risk of
injury, prior to testing, participants completed a standardized warm-
up including a 5-minute walk, followed by a series of squatting,
lunging, and hip hinge movements to increase blood flow and prepare
the muscles for testing. Participants were given visual and verbal
instruction for each assessment. For grip strength, broad jump, and
IMTP, participants completed warm-up trials at 50%, 75%, and near
100% effort to become accustomed to the testing methods. For the
30-second chair rise test (CRT30) and five times sit-to-stand (5xSTS),
participants completed 5 moderate-paced repetitions to warm up and
receive feedback. Participants rested 60-seconds between trials and
2-minutes between activities or as required.

A Jamar grip strength dynamometer was used (JLW Instruments,
Chicago, Illinois). Participants sat with their arm positioned at the
side, elbow bent to 90° and wrist in neutral. Three maximum effort
trials were completed on each arm with a 60 second rest between each
trial. To standardize for hand and finger length, the dynamometer
rung was aligned with the proximal interphalangeal joints. Peak force
was recorded for each trial in kilograms and the best trial was used
for analysis.

Participants completed CRT30 and 5xSTS simultaneously. The
participants were asked to rise from an 18-inch hair as many times
as possible during the 30-second test period. Participants were
encouraged to keep their hands across their chest to minimize use
of momentum. Participants completed two trials with a 60-second
rest between each trial. Repetitions completed during each trial
were recorded and the maximum number of repetitions was used

for analysis. A stopwatch recorded the time to complete the first 5
repetitions of the CRT30. The trial with the fastest 5 repetitions was
used for analysis.

Participants completed three maximum effort broad jumps with
a 60-second rest between each trial. Participants stood with their
toes at the 0-centimeter mark and jumped forward as far as possible
with a controlled landing (i.e., no falling forward or excessive foot
movement). Performance was measured from the contact point
closest to the 0-centimeter mark (e.g., the heel). The longest recorded
jump was used for analysis.

Participants completed three IMTP trials with a 60-second rest
break in bwtween each trial. Data were captured at 100 Hz via
LoadVUE (LV-1000HS-10K) software connected to an S-Beam
Load cell (Loadstar Sensors, Fremont, CA). A similar system using a
single axis load cell to measure PF during IMTP was shown to have
acceptable reliability and validity when compared to force plates
[18].

Participants stood with the load cell between their feet at the level
of the metatarsal heads and at a width that aligned with their hips.
The hips and knees were flexed between 20°-40° and 30°-50°,
respectively [19, 20]. Angles were confirmed with a goniometer.
The IMTP was set to ensure a T-bar handle was mid-way between
the knee and hip joints with the sternum positioned directly over the
T-bar. Previous studies have used various methods for the participant
to grasp the bar including unassisted grip, wrist straps, and taping the
hands to the bar. We chose an unassisted pronated grip without wraps
or straps to not minimize the effect of grip strength (See FIGURE 1).
Hand width was measured with the lateral border of each hand one
inch from the end of the bar.

-~

k Figure 1. IMTP setup. J

~

Following a standardized countdown, participants pulled as hard as
possible while extending their legs into the platform and maintaining
a straight spine for 5 seconds [21]. Participants were monitored for
proper mechanics or excessive use of the lumbar spine and the trial
was stopped if this was observed. The trial with the greatest PF was
used for analysis.

A subset of participants returned for follow up IMTP testing 7-21
days after first collection to establish test-retest reliability. The
methods did not change from the initial to follow-up dates including

an identical T-bar height. Activity was not controlled between
sessions, but participants were encouraged to come to both sessions
well rested.

Data were collected and managed using REDCap (Research
Electronic Data Capture) hosted at Rutgers University [22,23].
Statistical analyses were performed with Stata 17.0 (StataCorp
LLC, College Station, TX). IMTP data are reported multiple ways
in the literature, from raw values in Newtons to normalized values
in Newtons per kilogram of body weight (N/kg) [5]. To facilitate
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comparisons among participants and between tests, force and power
data were normalized to anthropometric data. IMTP and grip strength
were normalized and expressed as a ratio of force produced in N/kg of
body weight to control for differences in participant size (IMTP and
GRIP,, respectively). Broad jump performance was normalized by
dividing the distance jumped (cm) by body height (¢cm) (BROAD,).
Neither CRT30 nor 5xSTS was normalized as each participant was
moving their own body weight. Physical performance tests were
summarized with means and standard deviations.

To establish test-retest reliability, IMTP from the first session
was compared to IMTP from the second session using a two-way
random effects intraclass correlation coefficient model (ICC,,). In
addition, a minimal detectable change score (MDC,,) was calculated
from the standard error and ICC at a 95% confidence interval (CI)
for IMTP,.

To establish the concurrent validity of the IMTP as a measure of
total body strength, IMTPN was compared to GRIP, BROAD,,
CRT30, and 5xSTS using simple correlations with 95% CIL
Correlations greater than + 0.8 are considered very strong, between
+ 0.6 and + 0.8 moderately strong, + 0.3 to + 0.6 fair, and between 0
and + 0.3 are considered poor [24]. Because we expected differences

between sexes, we also investigated sex-specific correlations for
each measure.

Because GRIP,, BROAD,, 5xSTS, and CRT30 each reflect
one portion of the IMTP, we hypothesized that each would
contribute to synergistic performance on the IMTP. Therefore,
we attempted to predict IMTP, via multiple linear regression
with age, GRIP,, BROAD,, 5xSTS, and CRT30 as continuous
covariates with gender as a categorical covariate. We evaluated the
regression models thoroughly to determine the most parsimonious
model and to determine the effects of influential cases [25-27].

Results

One hundred nineteen participants completed the full testing
session with 34 returning for a second day to establish test-retest
reliability. Participant demographics are described in TABLE 1 for
each cohort. Non-normalized IMTP values in Newtons are presented
for comparison to the existing literature. The IPAQ was added to the
protocol after the first 10 participants. An additional 6 participants
did not provide sufficient data to calculate metabolic equivalents.
Therefore, only 105 participants sufficiently completed the IPAQ.
Eighty-five percent of participants were classified as having a

~

medium or high activity level.

Reliability Cohort (n=34) Validity Cohort (n=121)
Female Sex, N (%) 17 (50%) 59 (49%)
Age, mean £SD, y 25.5+4.0 345+ 14.0
Height, mean £SD, m 1.5+0.08 1.47+£0.09
Weight, mean +SD, kg 72.3+14.7 744+ 14.4
BMI, mean + SD, kg/m? 25.1+4.1 25.6+4.0
IMTP,,,,, mean = SD, Day 1 Day 2 1142.0 +476.8
Newtons 1150.6 +450.4 1145.6 +443.4 Women: 759.2 +£212.4
Men: 1506.0 £ 357.6
IPAQ MET minutes per N=34 N=105
week, 2862 (1518, 3546) 2273 (1272, 3222)
Median (IQR)
Physical Activity Category
High, N (%) 23 (67.6%) 62 (51.2%)
Medium, N (%) 10 (29.4%) 41 (33.9%)
Low, N (%) 1(2.9%) 4 (3.31%)
Missing, N (%) 0 (0%) 14 (11.6%)

N

Table 1. Participant demographics and sample characteristics

Abbreviations: IMTP

RAW?

non-normalized isometric mid-thigh pull performance; IPAQ,

International Physical Activity Questionnaire; MET, metabolic equivalents; IQR, interquartile

range; SD, standard deviation.

IMTP results from sessions 1 and 2 are presented in TABLE 2.
Session 2 was completed 11.8 + 4.6 days (range 7-32 days) after
Session 1. One participant who consented to complete Session 2 was
unable as she experienced a shoulder strain 2 weeks after Session 1.
One participant completed follow-up testing outside of the 21-day
window. Day-to-day reliability was excellent overall (ICC, | > 0.98,
95% CI: 0.93 to 0.99) and for men and women individually.

Physical performance test results are summarized in TABLE
3. On average, participants produced 15.1 + 5.2N/kg. Male
participants produced more IMTP force than female participants
(t=-11, p<.001). GRIP (r=0.80, 95% CI: 0.73, 0.87) and BROAD,_
(r=0.76, 95% CI: 0.69, 0.83) had a moderately strong correlation
with IMTP,. Sit-to-stand tests were fairly correlated with IMTP
(5xSTS r=-0.53, 95% CI: -0.64, -0.42; CRT30 r=0.52, 95% CI: 0.38,
0.65). Sex-specific correlations were poorer than overall correlations
(maximum r=0.71, See FIGURES 2-5).

Regression results are presented in TABLE 4. The final model
including age, sex, GRIP , BROAD,, and 5xSTS explained 73.3%
of the variance in the IMTP (F (5,110) = 64.01, p<0.001). Only one
case was identified as potentially influential. Ultimately, we chose
to report the model results with all cases included. 2 subjects were
unable to complete the broad jump testing portion of the study and
were removed from the BROAD) regression analysis.

To determine if a specific predictor was driving the model, we
examined squared semipartial correlations in the refined model and
found that no individual predictor uniquely explained >7% of the
total variance explained. This confirms that it is the shared (partial)
variance among predictors that explains the majority of variance in
IMTP,; rather than any single measure. This confirms the clinical
suspicion that IMTP reflects the coordination of all joints in a
strength measure.
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(T )
Measure, Units Day1 Day 2 p-value ICC (95% CI) | MDC,,
(mean £SD) | (mean £SD) (95% CI))
IMTP, N/kg 15.6 +4.9 15.6 4.7 0.86 0.98 2.1
(0.95, 0.99) (1.5,3.0)
IMTP, female 12.0+2.8 12.1+£2.6 0.65 0.92 2.2
participants, N/kg (0.79, 0.97) (1.3,3.5)
IMTP, male 19.3+3.6 19.1+£3.8 0.47 0.96 2.0
participants, N/kg (0.89, 0.98) (1.2,3.3)
k Table 2. Test-Retest reliability results J

Abbreviations: ICC, intraclass correlation coefficient; CI, confidence interval; MDC,,, minimal
detectable change at 95% confidence level; IMTP, IMTP force normalized to body weight.

Measure, Units | All Female Male p° Correlation Correlation Correlation
participants participants | participants with IMTP with IMTP with IMTP
(n=121)* (n=59)* (n=62)* (95% CI)) — female — male

participants | participants
IMTP, N/kg 15.1 +52 | 11.4 +3.2 | 18.7 +4.1 |<0.001 -- -- --

GRIP,N/kg |54 113 |45 +0.9 [ 6.2 +1.1 |<0.001 0.80 0.67 0.61
(0.72,0.87) | (0.54,0.80) | (0.46,0.75)

BROAD,cm/ |12 +0.3 | 1.0 +0.2 [ 1.4 +0.3 ]<0.001 0.76 0.71 0.49

cm (0.70, 0.83 (0.60, 0.81) (0.34, 0.64)

5xSTS, seconds | 66.5 +1.6 | 7.1 +1.7 [ 5.9 +1.2 ]<0.001 -0.53 -0.51 -0.29
(-0.65,-0.41) | (-0.63,-0.38) [ (-0.52,-0.06)

CRT30, 24.1 +5.6 | 21.5 +4.6 | 26.6 +5.3 |<0.001 0.52 0.47 0.21

median (IQR), (0.38, 0.65) (0.33,0.61) (-0.02, 0.44)

repetitions

k Table 3. Physical performance test results J

Abbreviations: CI, confidence interval; IMTP, IMTP force normalized to body weight; GRIP,, dominant hand grip strength
normalized to body weight; BROAD,, broad jump normalized to height; 5xSTS, five times sit-to-stand; CRT30, 30 second chair rise
test; IQR, interquartile range.

2 Data are presented as mean + standard deviation unless otherwise noted.

b P-values from t-test comparing females and males

4 )

Figure 2. Grip strength vs. IMTP maximum force. This figure illustrates the strong correlation between grip

strength and the IMTP for the whole sample, while the correlations within sex are weaker. Within sexes, there

are fewer overall participants, so extreme values affect the correlation to a greater degree. This is best seen by
kthe highly variable grip strength among males with IMTPN less than 15N/kg. )

Abbreviations: IMTP, isometric mid-thigh pull
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K Figure 3. Broad Jump vs. IMTP Maximum Force )

K Figure 4. Time to Complete Five Times Sit-to-Stand vs Maximum IMTP Force )
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\ Figure 5. Repetitions Completed in 30-Second Sit-to-Stand vs. IMTP Maximum Force. Y,

~

Preliminary Model Refined Model
Coef. Std. err. | 95% CI P-value Coef. Std. err. | 95% CI P-value

Constant 10.96 (4.38) (2.27,19.64) 10.014 4.85 (2.68) (-0.47,10.17) |1 0.073
GRIP 1.70 (0.30) (1.11, 2.29) 0.000 1.69 (0.30) (1.10,2.28) 0.000
BROAD 3.44 (1.47) (0.53, 6.34) 0.021 3.02 (1.46) (0.12,5.91) 0.041
5xSTS -1.02 (0.32) (-1.65,-0.38) ]0.002 -0.57 (0.19) (-0.95,-0.18) | 0.004
CRT30 -0.16 (0.09) (-0.34,0.02) ]0.082

Male 2.38 (0.73) (0.94, 3.83) 0.001 2.30 0.74) (0.84, 3.76) 0.002
Age 0.01 (0.02) (-0.04,0.06) ]0.712 0.01 (0.02) (-0.04, 0.05) ]0.833
Adjusted R? 73.8% 73.3%

\ Table 4. Results of preliminary and refined linear regression models of IMTP )

Abbreviations: IMTP, IMTP force normalized to body weight; GRIP,, dominant hand grip strength normalized to body
weight; BROAD,, broad jump normalized to height; 5xSTS, five times sit-to-stand; CRT30, 30 second chair rise test;

Discussion

The purpose of this study was to establish test-retest reliability
and concurrent validity for the IMTP in healthy, active individuals.
The IMTP demonstrated excellent test-retest reliability for men and
women and showed fair to strong correlations with common clinical
tests of strength and power. Most importantly, the IMTP measures
global physical performance as it accurately reflects a combination
of standard tests, indicating it is likely a useful clinical measure of
muscle performance. Specifically, it may be helpful to determine
the effectiveness of strength and neuromotor interventions. To our
knowledge, the present study is one of a few studies to investigate
the IMTP as a measure of total body strength in recreationally active
individuals [8,28,29].

Understanding test-retest variability and reliability is crucial for
interpretation of clinical tests. We chose a retest period between 7 and
21 days as it is long enough to recover from a maximal effort test and
unlikely long enough to make true strength gains from any outside
training regimens. In addition to using ICC to assess agreement, we
also calculated MDC,, scores. Despite the sex differences in IMTP
performance, there was not a substantial difference in sex-specific
MDC,, values. To simplify interpretation, we recommend using

the average MDC,, value of 2.1 N/kg. The average performance was
about 17 N/kg, so a change of 2.1 N/kg equates to approximately
12.4%. To put this into familiar terms, this equates to a change of
0.22 pounds of force per pound of body weight or 0.21 kilograms of
force per kilogram of body weight. The average participant in this
study weighed 74.4 kilograms (163.7 pounds) and would need to
improve IMTP performance by 15.6 kilograms (34.4 pounds). With
these data, clinicians can trust the values produced from the IMTP
and interpret follow-up data after intervention.

Clinicians often want to understand how a new measure compares
to familiar measures before adopting it. The IMTP demonstrated fair
to moderately strong correlations with common performance tests.
The strongest correlations were between ITMP, and BROAD (r
= 0.76) and GRIP (r = 0.80). The broad jump and IMTP require
similar coordinated force development patterns, including major
contributions from lower extremity extensors. This is clinically
meaningful because the broad jump may not be feasible in many
patients due to neuromotor and balance demands. The correlation
is consistent with the relationship between IMTP and vertical jump
performance (r = 0.72) in athletes and supports isometric strength as
a strong indicator of dynamic performance [20].
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Grip strength is an acceptable indicator of overall strength in
both healthy and compromised populations [30-32] and correlates
similarly (r=0.73) with IMTP performance in athletes [20]. Previous
studies have shown that isometric strength is a significant factor in
determining dynamic strength outcomes explaining up to 71.9% and
55.7% of the variance in males and females respectively [11-13].

There was a poorer correlation between 5xSTS (r = -0.53) and
CRT30 (r = 0.52), which is poorer than in previous studies using
CRT30 (r = 0.67) [15, 16]. It is unclear whether sit-to-stand tests
reflect muscle strength or physical performance (functional
capability) [33]. The biomechanical and neuromotor demands of
sit-to-stand tests are similar to the IMTP. However, in sit-to-stand
tests the cumulative effect of momentum and fatigue with sequential
repetitions adds variability to the test and may explain the more
modest correlations to the IMTP. Lastly, the IMTP is conducive for
full intention and neural processing for a maximum effort which is
different from the repetition goals of the chair tests.

Interestingly, sex-specific correlations were weaker for all the
comparison tests. Within sex, there is less variability in all the
measures (see smaller sex-specific standard deviations in TABLE 3)
and influential cases affect the correlation more. When sexes were
combined, the outlying cases for men and women did not have as
much influence and the relationships became more linear. In each
Figure 2-5, the performance of the weaker men and stronger women
tended to overlap considerably, vastly improving the strength of
the correlation. This is unlikely to be a biological aspect and more
likely that the proportion of weaker men and stronger women were
fairly low, so each case exerted a greater influence on the overall
correlation. It is likely that the sex-specific correlations would
improve if the sample size were to increase.

Despite the poor correlations within sex, the linear regression
model that included sex as a predictor of IMTP was still very strong.
We assessed the relationship between the IMTP and comparator tests
with a linear regression as the IMTP incorporates aspects of all the
comparators. To perform well on the IMTP, an individual needs well-
developed leg strength and power, as well as a strong grip. Therefore,
we hypothesized that individuals who performed well on many of
the comparator tests would perform well on the IMTP. In general,
this relationship held up. A combination of the predictors and sex
explained 73% of the variance in IMTP performance, which was
vastly superior to any single measure, supporting the multifaceted
nature of the IMTP.

We investigated potentially influential cases to determine how
individual variations impact the performance of the model. This
is important if the IMTP is to be used successfully in clinical
populations where one aspect of function may be more impacted
than others. Only one case was deemed influential based on residual
values. We reviewed the case, and data were determined to be
physiologically plausible (i.e., no data recording errors). This case
was the oldest person in the sample at 84 years old. As the sample
data were more sparse with older individuals, it will be relevant to
increase the sample size in those over 70 to have a more realistic
estimate of normal performance.

There were limitations in this study. We chose a sample convenient to
college campuses, which provided an active and younger population.
Sixty-five ("55%) of the participants were aged 30 or younger. This
may limit the study’s generalizability to clinical populations that tend
to be older and less active but does provide a base of knowledge for
comparison. The rate of force development (RFD), the speed at which
peak force is realized, was not included in this study. Participants
were instructed to produce as much force as possible, but not to do
so quickly, and therefore, RFD could not be calculated. This might
have provided valuable information for comparison in future studies
in compromised clinical populations.

Conclusion

Based on this study's results, clinicians should feel confident
in using the IMTP as an efficient measure of total body strength.
The IMTP is reliable and has the potential to be implemented when
dynamic tests like IRM and jump tests are contraindicated. The
IMTP is inexpensive, easy to administer, and portable. Physical
space requirements are minimal, so even in smaller clinics the IMTP
is feasible. The gold standard for collecting kinetic data such as this
is using force plates which are much more expensive and often not
an option for many clinics. The platform as constructed is lightweight
and portable to make it simple to collect data in many locations. The
only other requirements for the IMTP are a laptop computer and a
strain gauge which can be purchased at a reasonable cost and requires
minimal training to set up.

Future studies should investigate impaired populations with a focus
on RFD as an additional quantitative aspect of function. The IMTP
may also be used to quantify the effectiveness of interventions that
target strength, endurance, and power, or as a predictor of disease
progression or vitality in clinical populations. We have initiated such
studies in persons living with HIV and those with cardiometabolic
disease.
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