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SUMMARY PAGE 

THE PROBLEM 

To determine the validity of the two-minute bent knee sit-up. 

FINDINGS 

1 This event apparently does 
significant degree 

not measure the strength of the abdominal muscles and hip flexors to a 

2 It seems to be primarily a measure of trunk flexion speed and 
endurance of the abdominal muscles and hip flexors 

secondarily a measure of the 

RECOMMENDATION 
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ABSTRACT 

Tk« U.S. Marin« Ccp, Phy,ica! Fi,„«a T«„ inclnd«. . mo-min.« b«nt kn« .it-np, 

e purpo* „f tki, nudy w,s i„ratíglte the of thil |tem „ ^ ^ 

^ n0' 0,““r' 'ht """S* »f *' »fc<lo">taJ "nuclei „d thc ^ „„„„ a 

«gnrfu«. degree. Apparendy it ¡i preurüy . .«„ne of ernnk flenion sp«d „d 

«condanly . meaiure „f ,ke end«.n« „f ,k« abdominal „««1« aml kip (leeo,, 



STATEMENT OF THE PROBLEM 

Technical standards for any test battery require that the individual items be reliable 
that is, give consistent results when administered repeatedly, and valid, that is, measure what 
they purport to measure At the time the present USMC Physical Fitness Test was designed, 
no reliability or validity determinations were undertaken. Consequently, the user of this 
battery does not know precisely what it measures nor how good a job of measurement it 
does. These parameters will be studied as time and the opportunity to gather data permit. 

sit upPreSent PapCr rePOrtS an inVeStigation of the va,idity of the two-minute bent knee 

BACKGROUND 

Kinesiological analysis suggests that adequate trunk strength is a matter of importance 
to the combat Marine. The spine is a flexible weight-bearing column which depends upon 
muscular strength for both lateral and anterior-posterior stabilization. In normal easy 
standing, the body s center of gravity constantly shifts, so that the individual is continually 
swaying on a stationary base. Equilibrium is largely maintained by alternate contractions of 
the muscles on the front and back of the trunk. There is continual contraction of the 
rnternaJ oblique muscles of the abdomen, possibly to protect the inguinal region from 
herniation, and of the iliopsoas to prevent hyperextension of the hip.2 

Joseph and Williams3 and Carlsoo4 were unable to detect any electrical activity in the 
uiacus and psoas muscles during easy standing, but, in both cases, surface electrodes were 
used and the likelihood that surface electrodes will pick up potentials from such deep 
muscles is rather remote. Basmajian5 contends that they show slight to moderate activity 
an are postural or stabilizing muscles as a flexor of the hip joint. There is general agreement 

.at when a load is carried low on the back, its backward pull is offL by aTrward 
inclination of the trunk, resulting from contraction of the psoas muscles.6 Probably the 

ecessity for back packing provides the primary justification for the inclusion of a measure 
of trunk strength in Marine Corps physical fitness tests. However, Shvartz7 suggests that 
good condition of the abdominal muscles is a determining factor in the prevention of 
or ostatic inefficiency (circulatory collapse induced by gravity). This could conceivably be 
of some importance in prolonged standing at attention, for instance. Shvartz reported high 

performed!8 ^ 8 orthostatic adjustments and the number of sit-ups and push ups 

The measurement of trunk muscle strength in the human is a matter of considerable 
complexity. The length of the bony levers involved is obviously affected by the subject’s 

e«gt.t. The weight of the body segments to be moved will be affected by hL body build 
The measured force exerted will be altered as the angle of pull changes wkh the molmem 
° e ony levers by the muscles. Variations in the way the exercise is done may affect the 

ouroose /ather tMc.h!ks becn designed by Walters and Harris8 for fhe specific 
purpose of measuring abdominal strength and endurance, but an apparatus of thisE tt aVa,lablC OUtSÍdC °f a "‘"-'WH W—y .»d re,uJS «ch “ t“,: 
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Traditionally, in test.ng in the field, “abdominal strength” has been measured hv rh, 
number of sit ups and/or leg raises which the Marine can perform This has dr ^ 

When the sit-up is done with the knees extended and the ankles h Id rK,» n* I 
rectus abdominis, vastus lateralis, tensor fascia latap nM; d’ ,, Ps as’ I*,acus' 

fr“5? of aviation personnel ^ was ^ount^ ,n a study 

cxiended, as the pattern of muscle action wa" staV f„ aluy^s ” 
of r„„s k,„ds of s¡t.ups and of ,e8 tatses has been discusseTat som^XÄ 

been under constant atück'^^''atly^fliU'^WitaaTf' ° , “abd°'"i'"1 strxngtl>" has 
between abdomimtl strength as measured by The Í2u a“ an‘could ^ °14 
dynamometer while lying supine on a rahln and Pl U r d exert a 
in two minutes He concluded that ther e number of sit-ups an individual could do 

calling the si,-up tes, r,eÍ of sttenuth Z ‘ d ^ J““if«'¡on fot 
Wedemeyer has reported that the ^ l cndLIrancc the abdominal muscles."14 

measured by the Martin Breaking Method and die g""6^ °f ab<lominal muscles as 
two minute, is 0 45, while ,hi, be,w„, , t ^ °f ^ be done in 
only 0.12 He sL„t d ,T,'? ^ ^ °f si' “r> b 
endueanee .. of Aommalld iïigf mTsclL /T8'' ^ 
and variations of sit-ups are more indirari e u C eS‘, r Cous,ns agreed that sit-ups 
abdominal muscles . , The abdominal mus°l 1 d Strength °f tlle trunk flexors than of the 

other tes, mus, be employed whtch wih niote'adTi 

mvolve the action of‘ the* ¡im'llc'siTmiiclei' 'a ^ °! Jbdominal “tength, because they 
Nicks and FleishmanJ « recommending the nunTeTT °! faCt0r, studies ^sulted in 
m 30 seconds and the number of leg raises which h^ ^ Id d* 30 ,n(lividual cou,d d« 
the dynamic strength of the trunk Fleishman h C°l. In ^ seconds as measures of 
a more satisfactory criterion, character,2i„^^ ^ ^ 

bent knee sit-ups whicícm^be peXrnfedTn^tw651 ,nCludeSa meas“rement of the number of 

accomplish a vly high numb^^r i™^ 3 ^ ^^ able to 
delay an entke testing p,ügram, Süme sort of a ^ 
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necessity. However, this introduces certain difficulties. Karpovich20 has reported that the 
correlation between the number of straight leg sit-ups which can be done in three minutes 
by Army Air Force basic trainees and those which can be done in an unlimited time is 0.54, 
which he considers too low to justify substituting the former for the after in individual 
testing Correlations for one, two (r = 0 43), four, and five minutes were even lower. 
Berger21 reported a considciably higher, r =0.712, relationship between the number of 
straight leg sit ups which could be done in two minutes and the number that could be 
performed without a time limit. Even this gives a predictive index of only 30%.* He found a 
coefficient of correlation between one sit-up with maximum load and the two-minute timed 
sit-up of only 0 508; between one sit-up with maximum load and sit-ups without a time 
limit, it was 0 518 

PROCEDURE AND RESULTS 

One hundred students at the Officer Candidate School (OCS),1' Quântico, served as 
subjects for the first phase of this study These men were routinely administered the 
School s physical performance test, consisting of the one-minute squat thrust, two-minute 
push-ups, two-minute straight leg sit-ups, and 300-yard run In addition, they were given a 
12-minute run for distance and a two minute bent knee sit-up. One man dropped out part 
way through the testing program Means and standard deviations for each test event are 
shown in Table 1 Intercorrelations for these events are shown in Table 2, from which it will 
be seen that two-minute bent knee and two-minute straight leg sit-ups had only a moderate 
correlation (r = 0.54) with each 
other. There is no indication from 
these figures that either method is 
superior for testing purposes, but 
there would be little to be gained 
by including both forms in a single 
battery. Presumably the fact that 
the correlation between the two is 
only moderate is attributable to the 
fact that the role played by the 
iliopsoas and abdominal muscles is 
not the same in the two exercises. 

The correlation between either 
form of sit-ups and the other test 
items was low In other words, 
sit-ups are orthogom.1 to the other 
tests which were administered. 

TABLE 1 

Means and Standard Deviations of Test Scores 
(N= 99-100) 

Event Mean S.D. 

One minute Squat Thrust 22.3 4.3 
Two minute Push ups 30 3 10.2 
Two minute Straight Leg Sit-ups 48.7 13.5 
300-yaid Run 52 4 sec 3.8 sec 
Two minute Bent Knee Sit-ups 55 6 14,3 
1¿ minute Run 2875 1 yd 247 6 yd 

*The Predictive Index is computed as PI = 1 - ^ l - r¿ Thus r = 0 712 gives a figure 30% better than 
chance in predicting peifo’mante 

Hhe authors are indebted to Colonel H E Ing, USMC, Commanding Officer, Officer Candidate 
School, Quântico, Va for his cooperation in making troops available for this study 
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TABLE 2 

IntercorrrLitions (r) of lest 1-vents 

Pull-up 
Squat Thrust 
Push-up 
Two-minute 

Straight 
Leg Sit-up 

300-yard Run 

Bent Knee 
Sit-up 

Two minute 
Two minute Straight Leg 

Push ups Sit ups 
N r N r 

Squat 
Th- ist 

N r 

100 0 20 100 0.53 
100 0 23 

100 0.25 
100 0.16 
99 0.28 

300 yard 
Run 

N r 

100 -0.38 
100 -0.05 
99 -0.16 
99 -0.27 

Two minute 
Bent Knee 

Sit-upi 
N r 

99 0.26 
99 -0.05 
99 0.14 

9? 0.54 

99 -0.35 

12 minute 
Run 

N r 

100 0.24 
99 0.06 

99 0.09 
99 0.24 

99 -0.17 
99 0.01 

During the second phase, 54 OCS students were administered the two-mmute straight 
leg sit-up, the untimed straight leg sit-up, the two-minute bent knee sit-up, and the untuned 
bent knee sit-up over a period of several days. Means and standard deviations are shown ,n 
Table 3, and the intercorrelations of the four events are shown in Table 4. There is only a 
moderate correlation (r = 0.63) between the two-minute bent knee test and the mitimed 
version and between the two minute straight leg sit-ups and the untuned sit-ups. While this is 
highly significant, it ^ too low to have much predictive value. 

It must be concluded that the 
two-minute sit-ups are not a satisfactory 
measure of hip flexor and abdominal 
muscle endurance as determined by 
untimed sit-ups. Presumably they 
measure speed of trunk flexion, and, to a 
limited extent only, the endurance of 
the trunk flexors and abdominal 
muscles. If the Marine Corps is to have a 
scientifically based physical fitness test 
battery, the need for further study of 
these problems is evident. 

TABLE 3 

Means and Standard Deviations of Sit-up Scores 

Event N M S.D. 

Two-minute Straight Leg 155 59.0 
Untimed Straight Leg 54 134.6 
Two-minute Bent Knee 112 46.3 
Untimed Bent Knee 58 74.5 

CONCLUSIONS 

1 The correlation between two-minute bent knee sit-ups and two-minute straight leg 
sit-ups is only moderate; that between the untimed bent knee sit-ups and the untimed 
straight leg sit-ups is low Presumably this reflects the differing roles of the abdominal and 

iliopsoas muscles in these exercises. 
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TABLE 4 

¡nterconelaltom of Various Types of Sit-ups 
(N * 54] 

Untimed Two-minute Untimed 
Straight Leg Bent Knee Bent Knee 

Sit-ups Sit-ups Sit-ups 

0.63 0,55 0,12 

0 63 0.30 

0.59 

Two-minute 
Straight Leg 
Sit-ups 

Untimed 
Straight Leg 
Sit-ups 

Two-minuit 
Bent Knee 
Sit-up* 

2. The correlation between 
two-minute bent knee sit-ups and 
untimed bent knee sit-ups is 
moderate, but too low for 
predictive purposes. Apparently 
the two minute bent knee sit-ups 
measure the endurance of the 
trunk flexors to only a limited 
extent. 

3. The literature indicates 
that repetitive sit-ups of either 
kind do not measure the strength 
of the abdominal muscles and 
the hip flexors. This point should 
be investigated using Marines as 
subjects. 

4. It ti suaested that two-minute bent knee sit-ups measure trunk flexion speed and 
to a limited extent the endurance «i"' the hip flexors and abdominal, muscles. 

5. As a test item, two-minute sit-ups are orthogonal to pull-ups. squat thrusts, 
push-ups, 300-yard run, and 12-minute run. 
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