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Abstract

Although the Rope Climbing Test (RCT) has beendeéd for upper body power
assessment of Commando soldiers, the externalnsisiemess and intra-session reliability of
the RCT have not been reported. In order to exalRiD& external responsiveness and intra-
session reliability, this study consisted of twpa®te phases. Forty male soldiers belonging
to the special units of the National Guard, selkcte the basis of their training and specialty
operations levels, participated in the first phastudy to identify the discriminant ability of
RCT. This group was then divided into anti-terrorisCommandos (21 soldiers) and
Intervention-Brigade (19 soldiers). Only the ametirorism Commandos participated in the
intra-session reliability study. Commandos weraidicantly better than Intervention-brigade
soldiers on Execution Time (ET), Absolute Power@tif APO) and Relative Power Output
(RPO-p<0.001). The areas under the receiver opechtracteristics (ROC) curves were all
higher than 0.70: 0.91, 0.85 and 0.90 for ET, AR@M &PO, respectively. RCT provided
good external responsiveness, thus RCT was coesider indicate "good” discriminative
ability. No significant difference was found betwegroups in post-test rating of perceived
exertion. The intra-session reliability coefficismvere excellent for ET, APO and RPO
(ICCJ3,1]>0.90). The standard errors of measuremahtes for the ET, APO and RPO were
all under 5% (range: 1.29-1.47%). The main findin§shis study suggest that RCT is a tool

with both high sensitivity and intra-session reli#y allowing the consistent detection of
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differences in upper limbs’ power performance bemvéwo military groups of different

operational capacity levels.

Keywords. Military; Field testing; Intra-session error; Digninant ability.

I ntroduction

The analysis of physical requirements of speciald® soldiers (4) clearly shows that
aerobic endurance, agility, muscle strength, poamat endurance of the upper limbs are
required (15). During the diverse operations pentat by military, police and emergency
(e.g. emergency medical technicians, fire fightgrssonnel in their daily activities, these
individuals must control their mass and their ey heavy equipment with their upper
limbs. This physical requirement is therefore ofgmaount importance for their overall
physical performance, personal safety and safetyotbkrs. The inability to transport
themselves and their equipment rapidly and reliabdgr or around obstacles can result in
injury and possibly death. Similarly, many athleta® only perform optimally if they have
sufficient relative strength and power to maneuthesir body mass (e.g. gymnasts, rock
climbers) as well as equipment (e.g. hockey gorlieence appropriate training, reliable
testing and valid testing are necessary to pregadedentify those personnel that are ready to

perform challenging operations and activities.

Historically, the typical methods for assessing amplmb power have been pull-ups
(25), push-ups (7), bench press power test (6)naedicine ball put tests (24). To assess the
power of the upper limbs, Execution Time (ET) aredld®ve Power Output (RPO) indices are
widely used in specific tests in different spori8); standard field tests (6) and standard
laboratory tests (28). In the context of militapglice, emergency medical personnel and

athletes, a strong individual with lower body masas the advantage in weight bearing tests

2
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and activities (e.g. pull-up or rope climb test8). (Compared to individuals with greater
muscle mass, the lighter individual is disadvandagiaen required to pull, push, lift or carry
an object with greater absolute mass (e.g. a viajoalie equipment). Dhahbi et al. (11)
reported that RPO was a more convenient paranteerET in the specific Rope Climbing
Test (RCT). The latter test has been recently atdid for assessment of power of the upper

limbs of Commando soldiers (11).

The concurrent validity, reliability and responsiess are basic attributes used for
evaluating the validity of any test in sport physgy (1, 16). The external responsiveness and
intra-session reliability of RCT have not been mégd. Dhahbi et al. (11) only considered the
inter-session reliability and the criterion-relatedlidity of RCT. External responsiveness
determines the discriminative ability of a test arsially is assessed by testing differences
between two groups of individuals with differentrfpemance profiles (16). One of the most
important aims of the RCT test is to select soflidihus, the external responsiveness of the
RCT should discriminate between soldiers of différepecialty operations levels (e.g.
Commandos vs. Intervention-Brigade). The intraises®rror is free of methodological
errors, cannot be reduced, and thereby serves ap@opriate baseline for comparisons,
remaining independent of other error sources (2B)unreliable or invalid test could allow
for the placement of incapable professionals (ole&ts), which could impact the safety of the
individual and the dependent individuals (e.g. imet in a fire, injured victim in a car

accident).

This theoretical background reveals the lack ofvkdedge on the assessment of the
RCT to distinguish performance profiles and itsargession reliability. Therefore, the aims
of this study were to (1) investigate the discriamn ability of RCT (Commandos vs.
Intervention-Brigade) and (2) to examine the abisolund relative intra-session reliabilities of

RCT.
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Methods

Experimental Approach to the Problem

The external responsiveness of the RCT was detedry comparing ET, Absolute
Power Output (APO) and RPO between two groups ddiess of different specialty
operations levels (Commandos vs. Intervention-Bié&ga During the second study phase,
which aimed to establish the relative and absoiotea-session reliabilities of RCT, the

experimental protocol consisted of performing 8lgriof RCT in a single session.

Subjects

Forty male soldiers belonging to the special unitshe National Guard voluntarily
participated (Table 1). Twenty-one Commandos smideere employed to investigate the
discriminant ability of RCT. The inclusion criterief Commandos soldiers was having
regularly trained for at least 4 months in the biaél Guard School of Commandos, for ~32
h/week. Training was divided into ~14 h/week fdndiss training and ~18 h/week dedicated
to technical and tactical training. Another group 1® soldiers participated from an
Intervention-Brigade. The inclusion criteria oféntention-Brigade was having trained for at
least 8 weeks in the National Guard School of irgetion-Brigade/Commandos, for 4
sessions per week (1 session for strength and ttmmdg and 3 sessions per week for
technical and tactical training), for approximat@lyours in duration each. Both groups were
used to establish external responsiveness, whesehs the anti-terrorism Commandos

participated in the intra-session reliability study

All participants were free from any injury or patmat would prevent maximal effort
during performance testing. All the participantwve@aheir written informed consent to the

study after receiving a thorough explanation alibatprotocol. This protocol conformed to
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internationally accepted policy statements regardime use of human subjects and was

approved by the University Ethics Committee in adaace with the Helsinki declaration.

Procedures

Participants were requested to follow their nordiat, eat a light meal at least 3 hours
before each session, keep their usual sleep se&heahd stop any strenuous activity during
the last 24 hours before the test. Seven days dééi@seline testing, one session was carried
out to familiarize the participants with the measnent protocol. Before starting the tests, the
participants achieved 15 min of standardized spewaidrm-up with 5 min of rest. Data were
collected from participants at approximately thenedime of day (between: 9:00 and 11:00

a.m.) in order to eliminate any influence of cineamvariations on performance (12).

The session was performed outdoors in the followogditions (measurements
monitored by a digital environmental station: Véasayj, Helsinki, Finland; every 30 min
during the experiment): temperature ranged fromCib7°C, humidity ranged from 55%-
56% and the wind velocity was light (under 10 km/Rprticipants performed the tests
wearing the army combat uniform without a bulletfreest and tactical foot wear (the mass
of the equipment was ~5 kg). The protocol consistederforming 3 trials of RCT, with 5
min rest between trials. The experimenter providedng verbal encouragement during the
tests so as to obtain. maximum efforts. The RatPesteived Exertion (RPE) was recorded

immediately after the RCT using the Borg scale (RREO) (14).

5 m Rope Climbing Test (RCT)

The RCT test was performed using the criteria patliin the investigation of Dhahbi
et al. (11). The participant was instructed to blithe rope as fast as possible and hit the
finish mark (see description below). The manualetinvas triggered at the signal of the

assessor and stopped when the participant toutleehdark that was situated at a height of 5

5
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m above the starting mark. Dhahbi et al. (10) slibexcellent concurrent validity of hand
timing with no significant difference between thesmvatch and video timer with a low
systematic bias (0.18 sec) and very little diffeem Standard Errors of Measurement (SEM)
value (<5%). Moreover, Dhahbi et al. (10) foundhhagreement both within and between the
two timing methods with the coefficient of corredat at r=0.99 (p<0.001) and the Intraclass
Correlation Coefficient (ICC) at 0.98. The Ropen@ding Test began with the participant
sitting on his buttocks with the rope between bigs| both hands placed on the rope without
exceeding the starting mark situated at 1 m abbgegtound. The climbing was performed
without skipping (without momentum), without thesusf any gloves and without using lower
limbs (i.e. the legs and feet were not allowedotach the rope to help climbing) (see Figure

1).

The Execution Time (ET) was defined as the timevbeh the starting signal and the
noise of the slap of the hand hitting the finishrkn®oth visual and auditory cues were used
by the assessor to ensure that substantial ardicmitact was made with the finish mark. The
two best attempts out of the 3 trials were keptaiwalysis. The removal of the worst trial was
an attempt to ensure that a single poor performditt@ot substantially affect the analysis.
To provide greater reproducibility of measurememty one assessor measured the ET (no
inter-assessor differences in reaction and moveni@e). The measurement of ET allowed
for the estimation of the Absolute (APO) and RemtPower Output (RPO), which were
calculated using the following equations:

Body mass (kg) ¥ 9.81 ¥ 5m _ 49.05 x Body mass (kg)

APO(W) = ET(zec) ET (sec)

APO(W) 10 05
Bodymass(kg)  ET(sec)

RPO(W - kg™ 1) =
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Statistical Analyses

Data analyses were performed using SPSS versidh fo8.Windows. Means and
standard deviations (SD) were calculated afterfyiag the normality of distributions using
Kolmogorov-Smirnov statistics. Estimates of effesize, mean differences, and 95%
confidence intervals (Cls) protected against typerrdrs. Independent t-tests were used to
evaluate the equality of means for Commandos ateviention-Brigade soldiers” RCT ET,
APO, RPO and RPE. The external responsivenese ®@T was analyzed using the receiver
operator characteristics (ROC) curve (16). Theetaginalysis determines the sensitivity and
specificity of a tool to classify individuals acdang to a fixed criterion (9). The relative intra-
session reliability (i.e. the degree to which induals maintain their position in a sample over
repeated measurements (2)) of the ET, APO and R&® determined by calculating the ICC
(ICC[3,1]), and the absolute intra-session religbi(i.e. the degree to which repeated
measurements vary for individuals (2)) was expmsseerms of SEM and Coefficients of
Variation (CV). Heteroscedasticity was examine@n8icance for all the statistical tests was
accepted at0.05 a priori.

Results
Discriminant ability of RCT

Separate group (Commandos and Intervention-Brigan#yopometric characteristics
and RCT indices (ET, APO, RPO and RPE) are disglageTables 1 and 2, respectively.
Residual data for anthropometric characteristiacd RET indices were normally distributed
(p = 0.052-0.200). Independent sample t-test revealatiffesence between groups for age
(years) (t=-0.188, p=0.852, dz=0.06[trivial]); bodgnass (kg) (t=-1.018, p=0.315,
dz=0.32[moderate]); height (cm) (t=-0.043, p=0.96&~=0.01[trivial]); body mass index
(BMI: kgm™®) (t=-0.921, p=0.363, dz=0.29 [moderate]); or RREQ.269, p=0.789, dz=0.09

[trivial]). However, ET (t=-5.918, dz=1.87[large]\PO (t=4.255, dz=1.33[large]) and RPO

7
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(t=5.122, dz=1.52[large]) were significantly higheéior Commandos compared to
Intervention-Brigade group (p<0.001). A ROC anaysias performed between Commandos
and Intervention-Brigade soldiers: very good dimanant ability was found for RCT. The
areas under the ROC curves of ET, APO and RPO ofede91, 0.85 and 0.90, respectively
(95% confidence intervals [CI]: 0.77 to 0.98, 0f000.94 and 0.77 to 0.98, respectively;

p<0.001) (Figure 2).

Absolute and relativeintra-session reliability of RCT

Absolute and relative intra-session reliability ices are expressed in Table 3.
Dependent t-tests evaluating the equality of meduosved no significant test-retest bias for
ET (sec) (t=-0.62, p=0.55, dz=0.13 [trivial]); AP@) (t=0.78, p=0.44, dz=0.17 [trivial]);
RPO (W-kg) (t=0.85, p=0.41, dz=0.21 [moderate]) and RPE .{t#p p=0.87, dz=0.05
[trivial]). The ET, APO and RPO showed a high degoérelative reliability between the test-
retest trials (ICC[3,1] ranging from 0.96 to 0.9The SEM of ET, APO and RPO were 0.23
sec, 3.25 W and 0.05 W-kgrespectively. The CVs of ET, APO and RPO wereuatiler
10%. Heteroscedasticity coefficients for ET, APOP@R and RPE were all small and
statistically non-significant (r=0.01 [p=0.96], r40 [p=0.08], r=0.43 [p=0.06] and r=-0.31

[p=0.16], respectively).
Discussion

The inability to provide reliable and valid strengind power testing to identify and
progressively train athletes, military, police amergency medical personnel could result in
serious personal injury or injuries to individuaiho are dependent upon them. Hence, this
study assessed the discriminant ability of RCTistirmuish soldiers’ specialty level as well

as to establish the absolute and relative intraigeseliability. The main findings of this
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study showed that RCT is a highly reliable intrassen and sensitive tool to differentiate

upper limb power between two groups of soldierdifferent operational capacity levels.

One of the main characteristics of the RCT is icmminant ability. A significant
difference was found between ET, APO and RPO padoce of Commandos and
Intervention-Brigade groups. Impellizzeri and Maec@l6) suggested that the ROC curve is
an appropriate tool to validate the discriminantitgh(and responsiveness) of physiological
and performance tests and can determine testiségsand specificity to classify individuals
according to a fixed criterion (5). The area uritherROC curve (AUC) was interpreted as the
probability to correctly discriminate Commandosiiréntervention-Brigade soldiers using the
RCT protocol. An AUC value of 0.5 is interpreted ras discriminatory ability and 1.0 as
complete discriminatory ability (9) with an AUC>0.7considered to indicate good
discriminative ability (10, 21). In the presentdyuthe AUC values were: 0.91, 0.85 and 0.90
for ET, APO and RPO, respectively (10). The tesires (ET, APO and RPO) able to
differentiate between groups of soldiers of différeperational capacity levels wer20.14
sec,>185.64 W and-2.43 W-kd', respectively. ROC consists of a plot of “trueifios rate”
(sensitivity) vs. “false positive rate” (1-specifig for each of several possible cut-off points
in changing the score (10). These cut-off value® @i true positive rate of 73.7%, for ET,
APO and RPO; and a false positive rate of 95.2%/%%and 95.2% for ET, APO and RPO,
respectively (figure2). Therefore, RCT has excél@iscriminant ability if its purpose is to
differentiate between Commandos and other specialtydiers. These results are
complementary with those of Dhahbi et al. (11) vil@uded the same group of Commandos
that participated in this study. They assessedrttegnal responsiveness (i.e. the ability to
detect longitudinal changes) of the RCT by caléntpthe likelihood that differences in RCT
outcomes were substantial (i.e., the Smallest Widrille Change larger than the SEM) (19).

This was the case for all ET, APO and RPO (11)icatthg that such data have a good
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potential to detect real changes in the power dutpupper limbs. As well as, in the Dhabbi
et al. (11) study, the Minimal Detectable Changewas used to find the score threshold
corresponding to a true change in the performahlcey showed that 1.62 sec, 31.45 W and
0.41 W-kg" or more of ET, APO and RPO, respectively were sgas to be 95% confident
that a true change has occurred in Commandos saldie

Although the typical methods for assessing uppeb Ipower have been pull-ups (25),
push-ups (7), bench press power test (6) and nmedi@ll put tests (24), few studies provide
data on their discriminant ability. For examplesrhwas no data reported for the discriminant
ability of 15 sec pull-ups (23), 15 sec push-u®,(Bench press (6, 26), medicine ball puts or
throws (6, 27) or single arm seated shop puts (28)ng a laboratory Wingate test rather than
a field test, Koutedakis et al. (17) had excelistrimination as they could classify 91.8% of
their subjects. A good level of discrimination waported for bench press repeated power
test (13) and a medicine ball throw test (8) wittuth basketball players and children of 5-7
years respectively. A rock climbing specific teatnG jump board test) could discriminate
between novice and experienced climbers (18). Hetiee excellent discriminant ability
scores, that substantiated by a powerful statistocd as the ROC curve, for a simple field
test such as the RCT should be considered an iamgotbol for professionals and
practitioners in the field. Moreover, no signifitatifference was found between groups in
RPE responses. This strongly suggests that botlpgrof participants did comparable efforts,
most probably maximal efforts. The absence of anignt anthropometric and age
differences between groups ensures these varidioledfect performance.

The variability between trials may be consideredirasinsic variation”, as it provides
a basic indication of the variation independeninfrother sources of error. Intra-session
reliability of RCT performance is critically impamt to ensure that observed differences

between testing trials are not due to systemats,bsuch as a learning effect, fatigue, or

10
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random error due to possible biological or mechanariations. This variability is usually

caused by the emotional state of the subject betweetrials and his level of adaptation with
the measuring system (22). The results demonsteatedy high level of relative reliability of

RCT. Other upper limb field tests such as 15 sdeups (0.99) (23), 15 sec push-ups (0.96)
(23), bench press (0.92-0.98) (6, 13), medicind trabws (0.92-0.97) (6, 8) and rock

climbing specific test (0.98) (18) have also repdrexcellent ICC reliability scores. However,
one of the weaknesses of ICC as a measure ofvelepeatability is that it is affected by
sample heterogeneity (29). Therefore an examinatighe SEM, which provides an absolute
index of reliability in conjunction with the ICC iseeded to confirm the ICC’s results (20).
The SEM is not affected by inter-subject variahil{29) and provides an estimate of
measurement error. In addition, if data are honesstic, which is the case in the current
study (r=0.01, r=0.40 and r=0.43; p>0.05 for ET GABNd RPO, respectively), SEM index is
more appropriate than CV to establish the absakliability (2, 29). In this study, SEMs

were low for all parameters, under 5%, therebyicoring the excellent absolute intra-session
reliability of RCT. Similarly, Dhahbi et al.(11) émd an excellent inter-session reliability of
RCT: for ET, APO and RPO; ICCJ[3,1] values werehadjher than 0.90, SEM% all under 5%
and CV% all under 10%. Thus, it can be concluded the RCT has excellent intra- and

inter-session reliability.

In conclusion, the RCT has excellent relative absbéute intra-session reliability and
a good discriminant ability to detect differencepmwer performance of upper limbs between
two groups of soldiers of different operational &eipy levels. A score of 20.14 se¢1,85.64
W and >2.43 WRg® for ET, APO and RPO respectively were the cut-pffints
discriminating elite Commandos from less traine@vention-Brigade soldiers. While these
scores were reliable and discriminant in the cdrséuindy population, these cut-off points may

not be the same in other populations and thattiosild be examined in future studies.
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Practical Applications:

The RCT is a fitness-specific field test designecevtaluate the power of the upper
limbs performance of Commando soldiers. The ressittswed that this test has a good
absolute and relative reliability and successfdligcriminates soldiers by operational level.
Considering that (i) reliability and (ii) discrimamt ability of a test are two important aspects,
RCT can therefore be recommended for similar psddesls such as the military, police, fire

fighters and emergency medical personnel.
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Table 1: Descriptive data and comparison of the characiesisf Commandos and Intervention Brigade groups

Variables Commandos (n=21 Intervention Brigade (n=19) p-values  Effect size
Age (years) 24.09+1.81 24.21+2.07 0.852 0.06
BM  (kg) 74.90+5.08 76.42+4.25 0.315 0.32
Height (cm) 179.52+3.98 179.58+4.15 0.966 0.01
BMI  (kg-m?) 23.26+1.65 23.72+1.51 0.363 0.29

BM = Body Mass; BMI = Body Mass Index; *Significadifferencebetween groups (p < 0.001); Values arengas
mean + SD.



Table 2: Descriptive data and comparison of the RCT indafeSommandos and Intervention Brigade groups

Variables Commandos (n=21 Intervention Brigade (n=19) p-values Effect size
ET (sec) 15.55+3.48 22.11+3.53* <0.001 1.87
APO )] 251.13+£73.55 174.59+35.41* <0.001 1.33
RPO (W-kg?) 3.33+0.85 2.28+0.39* <0.001 1.52
RPE 8.07+1.04 8.16+0.99 0.789 0.09

RCT =5 m Rope Climbing Test; ET = Execution TirA®O = Absolute Power Output; RPO = Relative
Power Output; RPE= Rating of Perceived Exertiongh8icant difference between groups (p < 0.001);

Values are given as mean + SD.



Table 3: Relative and Absolute intra-session reliabilitglices of the RCT (n=21)

Mean+SD
Variables p-values ICC3,1(95%)1 SEM (%)t Cvt
Trial 1 Trial 2
ET (sec) 15.55+3.48 15.41+3.65 515 0.96 (0.89-0.98) 0.23 (1.47%) 6.92
APO (W) 251.13+73.55 254.28+74.40 0.443 0.97 (@EB) 3.25 (1.29%) 7.30
RPO (W-kd) 3.33+0.85 3.38+0.88 0.407 0.96 (0.91-0.98) 018q%) 7.30
RPE 8.07+1.04 8.10+0.94 0.871 0.78 (0.53-0.90) 1 (3384%) 8.18

RCT =5 m Rope Climbing Test; ET = Execution TirA®O = Absolute Power Output; RPO = Relative PowetpOt; RPE = Rating of
Perceived Exertion; IC£; = Intra-class Correlation Coefficient model 3,1;M6E Standard Error of Measurement; CV = Coefficieht
Variation; *Significant difference between tria|3<0.05).

tAbsolute intra-session reliability index.

fRelative intra-session | reliability index.



Figure 1. The 5 m Rope Climbing Test from the starting to the finishing position. A = starting position, B = execution and C = finishing position.

Copyright © 2016 National Strength and Conditioning Association
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Figure 2. Recelver operating characteristics (ROC) curves for the Execution Time, Absolute Power Output and Relative Power Output between

Commandos and Intervention Brigade soldiers.



