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Abstract:

The objectives were to provide normative data anroonly used physical performance tests that
may be associated with musculoskeletal injuriedamy cadets, and assess for sex and limb
dominance differences. A large cohort of Navy cadetre assessed for physical performance
tests of flexibility (ankle dorsiflexion range ofation and sit and reach), isometric hip strength,
lower limb power (single leg hop), and trunk endwea (plank and side plank tests). Besides
providing normative data tables, sex and limb d@mae differences were assessed by a two-way
mixed ANOVA. A total of 545 Brazilian Navy cadet394 males) representing 79% of the cadets
in the Academy participated. Normative referendeeswere reported as meanzSD, 95%Cl and
percentiles. For tests of muscle strength, powdresnaurance, males performed better than
females (p<0.001). For flexibility tests, femalebigved greater distances than males for the sit
and reach test (p<0.001), but no difference foileadkrsiflexion (p=0.51). Overall, there were no
clinically relevant differences between limbs. bnclusion, normative data for commonly used
physical performance tests were provided. Althoogltlinically relevant side-to-side differences
were found, males presented higher values for |owedr strength and power, as well as trunk
endurance than females, while females demonstiateghsed flexibility. Valuable normative
data are provided to professionals who work withngy active populations from the injury
prevention or rehabilitation perspective; as theaent study may help professionals to identify

athletes or cadets whose performance is outsidedimative values and may be at risk for injury.

Keywords: reference values; norms; sex charadesjdtower Extremity

Physical performance measures of flexibility, hy@sgth, lower limb power and trunk endurance
in healthy Navy cadets: normative reference valuesdifferences between sex and limb

dominance.
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INTRODUCTION

Musculoskeletal diseases and injuries are a corateeburden worldwide, affecting
young, healthy and physically active populationhsas college students(1), those participating in
high level sports(9) and military personnel(6).efiéfore, in order to develop effective preventive
strategies, many studies have focused on idengifiygk factors for musculoskeletal injury(14, 15,

26).

For example, isometric hip muscle strength has lseewn to independently predict
future non-contact ACL injury in athletes(14), vehibw levels of physical fithess(26) and lower
limb power(15) have been suggested as potentiafattors of overuse injuries in the military.
However, the costly nature of sophisticated reseaguipment is a barrier for many institutions
and professionals, so different cost effectiveicéhtests to measure hip muscle strength, trunk
endurance, lower limb power have been proposedderdo assess participant’s performance and

injury risk(4, 14, 23).

An important step in the identification of risk facs for musculoskeletal injuries is the
establishment of extensive and reliable referemeelmarks for clinically relevant tests.
Nevertheless, in the military, although physicafpenance tests are widely used to assess
incoming cadets, there is a lack of normative exfee values for this population. Furthermore,
previous reference values presented some limitgtgurch as, non-normalized data(7, 19, 27),
variability in participant’s age(19) while few sied assessed differences between sex(3) and leg

dominance(29).
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Thus, the primary purpose of this study was to pi®wormative reference values on
common physical performance tests of flexibilitip Btrength, lower limb power and trunk
endurance in Navy cadets. The secondary purpos¢oveasess for sex and limb dominance

differences.

METHODS

Experimental Approach to the Problem

This was a cross-sectional study with data coltkbetween January and March of 2016 at
the beginning of cadet’'s academic year. Nine plilgsi@pists or sports science professionals
experienced in daily physical and functional assesds in the military, participated as testers. In
order to ensure consistency, test administrators Weeated at the same station during the
duration of the study. All participants rotatedwaid the five stations: (1) anthropometric, (2)
flexibility, (3) hip isometric strength, (4) singleg hop and (5) plank/side plank tests, in theesam
sequence with a cluster randomization in regardhich limb (dominant/non-dominant) would
start the test on that specific day.
Subjects

There were 688 Navy cadets (516 males and 172 ésinas potential participants from a
Brazilian Merchant Navy Academy. Inclusion critenare age older than 18 years old, no current
lower extremity or trunk pain, no surgery in thevér extremities in the last 12 months, and no
medical or neuromusculoskeletal disorders thatt lparticipation in the study. From 688 cadets,
three were excluded due to current injury, 10 declito participate and 130 did not show up for
the assessment. A total of 545 Navy cadets voloede@94 males and 151 females),
corresponding to 79% of the Merchant Navy Acadeogutation. For both sexes age ranged
from 18 to 25 years old, the mean height and wdminales were 1.75 (SD 0.07) m and 75.5

(SD 12) kg, while for females 1.62 (SD 0.05) m &id2 (SD 8.2) kg. This study was approved by
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the Marcilio Dias Naval Hospital's ethical commétand all subjects were informed of the
benefits and risks of the investigation prior tgrsng an institutionally approved informed
consent form to participate in the study.
Procedures

After an extensive review of the literature, exteasliscussions within the research team
and close consultation with our Navy partners tilewing tests were chosen based on simplicity
to perform and potential links to injury risk amdplementation as a standard baseline assessment
in the military. All tests were performed insidgymnasium with temperature controlied by air
conditioning and participants were instructed toid\any strenuous activity before the evaluation.
Flexibility tests

The weight-bearing lunge test and a digital inginater (Baseline, Fabrication Enterprises
Inc, White Plains, NY) were used to assess ankisiftiexion range of motion (ROM) bilaterally
(Supplemental digital content 4, http://links.lwanc/JSCR/A72). A vertical line (piece of tape)
was attached on the wall extending to the floor paudicipants were requested to place their big
toe and heel aligned along the line while they veefoot. Then, they were asked to lunge
forward, in an upright position, moving their kneevard the vertical line while keeping the entire
heel on the floor. Once they reached maximal adérsiflexion angle without lifting up the heel,
a digital inclinometer was placed on the Achillesdon’s midpoint and the angle was

measured(18). Three measurements were collecteavandged.

For the sit and reach test, participants assunetbtiy sitting position barefoot and placed
their soles against the sit and reach test baxea26 cm mark. Then, they were asked to place one
hand on top of the other and slowly flex their kdarward trying to reach the most distant point
with their fingertips while keeping their knee exéed (Supplemental digital content 4,

http://links.lww.com/JSCR/A72). Three measuremevese recorded and the best two were
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averaged and used for the analysis. Previous sthdie reported a very high intra and inter-rater
reliability for the weight-bearing lunge test(16)dsthe sit and reach test(20).
Maximal hip isometric strength

The maximal voluntary isometric contraction of thp abductor and external rotator
muscles were evaluated using a calibrated handeysldmometer (Lafayette Manual Muscle
Tester Model 01163; Lafayette Instrument Compamyaiette, IN, USA), Figure 1. For both
tests, after a practice trial at submaximal effpatrticipants were instructed to perform three
maximal voluntary isometric contractions of fivesads each, followed by five seconds rest in
between each repetition(28). A standardized vezbeburagement “go-go—go-go’ was used by
the tester. The hand-held dynamometer was placad &ove of the proximal edge of the lateral
and medial malleolus when testing the hip abducadsexternal rotators, respectively(28). For
both tests, three measurements were collectechanaerage was normalized to body weight.
Previous studies have reported that a handheldaymeter has good to excellent test-retest

reliability for maximal hip isometric strength(12).

<<Insert Figure 1>>

Single-leg hop test for distance

For the single leg hop test, a horizontal adhesipe (start line) was attached to the floor
and a tape measure was fixed perpendicular toidr @ the test, participants were required to
stand directly behind the start line and afteriafl@xplanation, one practice trial at submaximal
effort was allowed for each leg. Participants pemnied six single leg hop (alternating legs) trying
to reach the longest distance(5) (Supplementaladigontent 5Shttp://links.lww.com/JSCR/A73).
As the purpose of this test was to measure therlewteemity power and not knee biomechanics
during landing, participants were instructed tolpa# with one leg but to land with both, thus

decreasing the risk of a possible injury.

Copyright © National Strength and Conditioning Association



The distance was measured from the starting linkg¢@earmost leg’s heel(5). In order to
mimic sports activities, no restrictions were apglto arm movements; and if a participant was
unable to land correctly, for instance, lost baéaactook an extra step, that trial was repeated.
The mean of the three trials of each leg was nopexko the participant’s height and used for
further statistical analysis(5). The single leg begt is a reliable method to assess the single-leg
horizontal distance competence(22).

Plank and Side plank tests

Trunk endurance was estimated by using the plank sade plank tests (Figure 2).
Participants had to begin the plank test in thedsied prone bridge position supported by the
forearms and feet in contact with the ground. Elbevere placed at 90° of flexion underneath the
shoulders, while the neck and hip were maintaimegeutral position(30). In order to standardize
the assessment, an adaptation of the method degdoip Tong et al(30) was used. An elastic
string was attached horizontally to a pair of \e&itipipes, and prior to the assessment, the tester
positioned the participant in the start positionl gtaced the string adjacent to the participant’s

Gluteus Maximus muscle which worked as a physig@rence for an objective measurement.

For the Side plank test, most procedures werdasina the plank test; however, the side
plank was performed on both sides. Prior to begignthe tester instructed the participants to
assume the side plank position with legs extendedthe elbow from the lower side flexed 90°
and positioned underneath the shoulder (10). FHertést, two pipes were used to fix the strings
which were placed adjacent to the participant'siérchip. The tester instructed the participants to
lift their hips up and maintain a straight body iioa while keeping the top arm flexed at the

elbow. Then, the string was placed touching thé&gpant’s higher hip
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Both tests were ended if the participant’s pelvispged below the string (reference line)
after two consecutive warnings; the participant dat hold the correct posture up to the end;
dropped down to the floor; or after maintaining gasition for the required 60 seconds (60s)(30).
Previous studies have demonstrated that the pkstlkand side plank test are a valid and reliable

method to assess trunk muscle endurance(20, 30).

<<Insert Figure 2>>

Statistical Analyses

IBM SPSS Statistics 22.0 for Windows (IBM Corpooati Armonk, New York) was used
for the statistical analysis and the level of digance was set, a priori, at= 0.05. Normality was
tested using Q-Q Plots, while outliers were tesigthspecting a boxplot for values greater than

1.5 box-lengths from the edge of the box.

Normative reference values were presented as nagahstandard deviations with 95%
confidence Intervals, and percentiles were repddedach test. A two-way mixed ANOVA was
used to test for the main effects of sex and legidance, and their interaction with the dependent

variables (ankle dorsiflexion, maximal hip isomestrength and single-leg hop test).

Regarding the sit and reach test, as data wereallyrdistributed, an independent T- test
was used to determine if a difference existed betvgexes. Nevertheless, for the plank test and
side plank test, as data were not normally distetuthe nonparametric Mann-Whitney U test
was performed to determine if there were differenoetween sexes and the Wilcoxon signed-rank
test was used for the side plank test to determvhether there were differences between sides

within each sex. Specifically for the side plangttanalysis, in order to avoid problems with
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multiple comparisons, the Bonferroni correction waed and the value was adjusted to 0.025

(0.05/2 comparisons).

RESULTS
Flexibility tests

There was no interaction between leg dominancesardp = 0.71) or main effect for sex
(p = 0.51) for ankle dorsiflexion ROM. However, teavas a main effect of leg dominance (p =
0.01) where the non-dominant leg presented gr&® than the dominant. Regarding the sit

and reach test, females presented higher distéin@esnales (p<0.001), table 1.

<<|nsert Table 1>>

Maximal hip isometric strength

There was an interaction effect between sex anddegnance on maximal hip external
rotation isometric strength (p < 0.001). After apboc analysis, the dominant leg showed
increased hip external rotation strength than tiredominant in males (p < 0.001), but not in
females (p=0.92). Additionally, males demonstrdtggher maximal hip external rotation
iIsometric strength than female for both the domirzenal non-dominant legs (p < 0.001).

There was no interaction effect between sex anddaginance on hip abduction strength
(p = 0.64) and no main effect of leg dominance (p#]) however, there was a main sex effect
with males presenting higher values than females@®01), table 1 and Supplemental digital

content 1 (http://links.lww.com/JSCR/A74).

Single-leg hop test for distance
There was no interaction effect between leg donmueamd sex on single leg hop test for
distance normalized to height (p = 0.61). Howetlegre was a main effect for sex (p < 0.001)

with males jumping farther than females, while éheras no effect for leg dominance (p=0.21).
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Plank and Side plank tests

For the plank test, males performed better tharafesn(p<0.001). Moreover, 85% of
males and 60% of females held the position fomtagimum 60s. Similarly, for the side plank
test males performed better than females (p<0.@i ypo difference was found between body

sides.

DISCUSSION

In this large study of healthy Navy cadets, a nuntbémportant findings emerged: a)
normative reference values for physical performdasts in a young, active, injury-free
population were provided; b) males demonstratedtgranormalized maximal hip isometric
strength and lower limb power, as well as trunkugadce than females, while females had higher

flexibility in the sit and reach test, c) there wdéargely no side-to-side differences.

Although, most of the time direct comparisons vathvious studies were limited by
different sample sizes, participant’s charactersséind different methodology (e.g. non-
normalized data); prior studies(3) (25) reportedilgir findings of maximal hip isometric
abduction torque and hip external rotators strerfgi the single leg hop test, previous studies(7,
19) did not normalize their data by the participmheight, not allowing for direct comparisons;
nevertheless, Brumitt et al(4) evaluated Divisibrcollegiate athletes and normalized their results
per athlete’s height and reported lower values thas which may be due to the difference in

protocols (males jumped — 75% and females — 66&benf height).
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In terms of sex differences, our findings are cstesit with previous studies, as males
demonstrated higher values than females for msstagth, power and endurance, while the
opposite was true for flexibility (sit and reackt)e Prior studies have reported similar results
related to sex differences for each of these téstsnstance, maximal hip isometric strength(3),
single leg hop test(7, 19), trunk endurance(24yyeltas sit and reach test(17). It has been
suggested and consistently reported that thesagdiréifferences may be explained due to larger
muscle cross-sectional area(13) and higher testost levels(21) in males in comparison with
females. On the other hand, there is evidencehtdmastrings flexibility in females is higher in
comparison with males(31), which may explain thereased values of the sit and reach test in the
current study, as this test measures hamstrinflex(31). Thus, these findings highlight the
importance of reporting normative reference vakegsarately for males and females to allow

meaningful comparisons within sexes.

Generally, participants demonstrated consistegtgeside symmetry with only two
exceptions; ankle dorsiflexion ROM (difference eei@ge of 0.3° in males and 0.4° in females)
and male’s maximal hip external rotation isomestrength (side to side difference on average of
7%).

Although these differences were statistically digant, they are not clinically relevant.
Adding to that, it has been suggested that sonmed tddimb asymmetry is expected(32); and,
especially for hip muscle strength, previous stsith@ve reported similar findings in uninjured
people(29). The consistent side-to-side symmefgnted, endorse the utility of the current study
as a valuable normative reference values, sinceque® studies suggested that large muscle
imbalance is a common finding in injured people(BBsed on the current results, large
asymmetries in muscle strength and flexibility egpe be uncommon, thus, the presence of large

side-to-side differences may rise to the possjhilftpotential lower extremity injuriéd
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Finally, it has been suggested that even the njomeid limb can lose substantial amount of
strength after a recovery period and to take & esference to evaluate the injured limb might be
guestionable(8). Thus, the normative referenceegprovided in the current study can be a useful
tool to compare results, for uninjured, injuredrgury-recovering population with similar

population demographics.

This paper provides researchers, clinicians amshgth and conditioning professionals with
information on normative reference values for ddfeg physical performance measures in a
young, active, injury-free homogeneous populatibaib{e 2 and Supplemental digital content 1 to
3,

http://links.lww.com/JSCR/A74, http://links.lww.cddB8CR/A75,

http://links.lww.com/JSCR/A76). These normativeereihce values may allow for comparisons
with physically active people, college athletes aadets in the same age range. Likewise, as
previously reported by Anderson et al.(2), prouvigihe normative reference values in percentiles
will allow participants in the same age range athis study, to get a sense of how their

performance in these commonly used tests ranks émeomg their peers.

The current study has some strengths, as it hasdwree in a large and homogenous
sample. Moreover, due to different reported unitss, very difficult to compare maximal
isometric strength data; so, to our knowledgeithike first study that presents maximal hip
isometric strength results in different units ofaserements (i.e. Kgf/BW, Lbs/BW, N/BW, and
N.m/BW). Moreover, few normative reference valuegl®s reported data for females as well as
compared dominant and non-dominant legs. Howelier study also has some limitations;
participants were recruited through a convenieaoapsing method and, the cross-sectional
design that does not allow inference regardingcthese and effect relationship. Finally, the plank

test was limited to 60s so it may have produceellang effect, as almost 85% and 60% of males
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and females, respectively, finished the test. Tfros) a practical point of view, it seems that for

healthy young adults, the plank test should bedtefir more than 60s.

In conclusion, this study provides normative refieeevalues for commonly used physical
performance tests in a young, active, injury-frepydation of Navy cadets; especially, between
18 to 25 years old. Regarding strength, power agdiance tests, males presented higher values
than females. However, for the flexibility testei@es reached higher distances than males in the
sit and reach test while no sex differences wewnaddor ankle dorsiflexion ROM. Taking into
consideration leg or body side dominance, for ness there were no clinically relevant side-to-

side differences.

Practical Applications

The current study may help clinicians, researchatsstrength and conditioning
professionals to identify athletes or cadets wipeséormance may fall outside the normative
reference values found in this study, which maytpam at risk for injury.

The study provides normative reference values éltihneare professionals and scientists
who work with young, active populations from th@uiny prevention perspective, but also to those
who are recovering from an injury, as making congumens between injured and non-injured legs

in this situation would not be appropriate sincéhidegs tend to lose muscle strength.
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Figure L egends

Figure 1. Hip Abduction (A-B) and External Rotati@+D) assessment.ppt

Figure 2. Plank (E-F) and side plank tests (G-H).pp
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Table 1. Normative physical performance measures (Meana®iD95%ClI)

Male
(n=394)
DS 327 + 668 (32-33.3)
Ankle dorsiflexion (°)
NDS 330 =+ 68 (32.3-33.7)
Sit and Reach (cm) 244 +  8.2* (23.6-25.2)
DS 0.18 + 0.04* (0.18-0.19)
Hip Abduction (kg/BW)
NDS 0.18 + 0.04* (0.18-0.19)
DS 028 =+ 0.0% (0.27-0.29)
Hip External Rotation (kg/BW)
NDS 0.26 + 0.080 (0.25-0.26)
DS 855 + 11.9* (84.3-86.6)
Single Leg Hop (%height)
NDS 853 + 124* (84.0-86.5)
Plank Test (s) 575 + 7.6* (56.7-58.2)

DS 508 + 13.4* (49.5-52.1)
Side Plank Test (’§)
NDS < 50.3 + 13.6* (49-51.7)

Female
(n=151)
322 + 79 (31-33.3)
326 + 70 (31.4-33.7)
288 + 82* (27.5-30.1)
0.16 ~+ 0.04* (0.1501
0.16 + .0.04* (0:16)

0.19 =+ 0.05* (0.18-0.20)

0.19 + 0.05* (0.18-0.19)

694 + 99*  (67.8-71)

689 + 10.6* (67.2-70.6)
528 + 11.4*  (51-54.7)
39.2 + 185% (36.142.
362 + 16.8% (33.4-38.9

DS - Dominant side, NDS - Non-dominant side and BWédy weight in kilograms, s - second

"males (n=393) and females (n=150) due to missitg da
£Significant leg p<0.05) and *sex differencep<0.001)

*males (n=392) antfemales (n=150) due to some outliers.
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