Kl Sports

Article

Impact of a 5-Week Individualised Training Program on
Physical Performance and Measures Associated with
Musculoskeletal Injury Risk in Army Personnel: A Pilot Study

Chelsea Smith 12

check for
updates

Citation: Smith, C.; Doma, K.;
Heilbronn, B.; Leicht, A. Impact of a
5-Week Individualised Training
Program on Physical Performance
and Measures Associated with
Musculoskeletal Injury Risk in Army
Personnel: A Pilot Study. Sports 2023,
11, 8. https://doi.org/10.3390/
sports11010008

Academic Editors: Scott Talpey,

Emma Siesmaa and Dara Twomey

Received: 23 November 2022
Revised: 16 December 2022
Accepted: 21 December 2022
Published: 3 January 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Kenji Doma

3(0, Brian Heilbronn 23 and Anthony Leicht 3-4-*

College of Medicine and Dentistry, James Cook University, Townsville, QLD 4811, Australia

Australian Army, Townsville, QLD 4814, Australia

Sport and Exercise Science, James Cook University, Townsville, QLD 4811, Australia

Australian Institute of Tropical Health and Medicine, James Cook University, Townsville, QLD 4811, Australia
*  Correspondence: anthony.leicht@jcu.edu.au

[T I N

Abstract: Objective: To examine the feasibility and effect of an individualised and force-plate guided
training program on physical performance and musculoskeletal injury risk factors in army personnel.
Design: Pre-post, randomised control. Methods: Fourteen male and five female Australian Army soldiers
were randomised into two groups and performed 5-weeks of physical training. The control group (1 = 9)
completed standard, group-designed, physical training whilst the experimental group (1 = 8) completed
an individualised training program. Physical (push-ups, multi-stage fitness test, three repetition maximum
(BRM) for squat, strict press, deadlift and floor press), occupational (weight-loaded march time), and
technological assessments (two-leg and one-leg countermovement jumps (CM]), one-leg balance, one-
arm plank) were conducted prior to and following the training period. Comparisons between groups
and changes within groups were conducted via Mann-Whitney U tests. Results: Compared to the
control group, the experimental group exhibited a significantly smaller improvement for weight-loaded
march time (—0.7% =+ 4.0% vs. —5.1% =+ 3.0%, p = 0.03) and a greater improvement for deadlift-3RM
(20.6% =+ 11.9% vs. 8.4% =+ 6.8%, p = 0.056). All other outcomes were similar between groups. Visually
favourable alterations in the two-leg CM]J profile with no reports of injuries were noted for the experimental
group. Conclusions: Individualised physical training was feasible within an army setting and, for the most
part, produced similar physical, occupational and technological performances to that of standard, group-
designed physical training. These preliminary results provide a foundation for future research to expand
upon and clarify the benefits of individualised training programs on long-term physical performance and
injury risk/incidence in active combat army personnel.
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1. Introduction

Physical activity is pivotal to the general health of adults [1], as well as to the improve-
ment of readiness, performance and long-term health of army personnel [2,3]. Further,
physical activity plays an important role in the prevention of musculoskeletal injury (MSKI)
for this vulnerable military population [2,3]. In the Australian Defence Force (ADF),
40% of clinical presentations are attributed to preventable MSKI [4]. Factors that place army
personnel at risk of MSKI include poor muscular strength, balance, muscle asymmetry and
aerobic fitness [5-7]. Given the high volume of running, load carriage and other strenuous
activities performed by soldiers, there is great potential for MSKI with the aforementioned
risk factors strongly associated with increased MSKI risk [5,7,8].

Traditionally, the physical performance of military personnel has been assessed via
running and generic activities (e.g., sit ups, push ups, etc.). More recently, military organi-
sations have begun to adopt more occupationally relevant tests of physical performance
such as load carriage and manual handling [9-11]. Whilst this is a positive step in assessing
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the ability of personnel to perform essential occupational tasks, these assessments often
provide limited insight into individual movement characteristics (e.g., symmetry) and op-
portunities to address injury risk factors [12]. Further, military personnel undertake a wide
array of physical training including generic aerobic and strength activities, bodyweight
training, functional fitness training, and strength training with free weights to enhance
performance and minimise injury [13,14]. Whilst studies have confirmed that generic train-
ing improves the initial fitness of army personnel and may reduce MSKI risk [8,12], these
practices do not target other MSKI risk factors such as balance and strength asymmetry [14].
Therefore, generic training may fail to adequately capitalise on opportunities to mitigate
MSKI risk and preserve occupational performance. Alternate training regimes may provide
greater attention to MSKI risk factors and lead to greater occupational performance with
reduced MSKI.

Pre-screening assessments, which aim to identify MSKI risk factors, are essential
to inform the development and implementation of appropriate injury prevention pro-
grams [5,7,14]. The use of force plates [15-17] and computerised systems in the prevention
of MSKI have been of interest recently in both sporting and military settings [1,15,18]
with these technologies reported to be more reliable than traditional testing methods
(e.g., Vertec jump test) in clarifying performance and identifying injury risk within a
military setting [19,20]. One such system utilises a countermovement jump (CM]J) per-
formance via force plates and proprietary software to identify imbalances that may exist
(i.e., Sparta Science) [21-23]. Based on the CM] outcomes, which have demonstrated
moderate-to-excellent test—retest reliability in military personnel (ICC 0.67-0.91) [17], and
implied imbalances, an individualised strength program is then recommended to improve
these imbalances and decrease the risk of future MSKI [18,22,23]. To our knowledge, the
effectiveness of an individualised and force plate guided program has not been examined
in terms of feasibility, physical performance and changes in MSKI risk. The aim of this
study was to examine the feasibility and effects of force plate technology to support an
individualised training program in reducing MSKI risk (as defined by muscular strength,
balance, muscle asymmetry and cardiorespiratory fitness). Clarification of the benefits
of a novel, individualised, force plate guided program on performance and MSKI risk
would significantly aid army personnel in terms of health, occupational productivity and
healthcare costs.

2. Methods
2.1. Study Design

This study employed a pre-post, randomised control design of a convenient sample
of healthy, Australian Regular Army, combat personnel. Participants were assessed for
CM]J, balance, core stability, inter-limb asymmetry, muscular strength and endurance,
cardiorespiratory fitness and occupational capacity prior to (Week 0) and following (Week 6)
a 5-week training intervention. Following the pre-training assessments, participants were
randomly block-assigned (via combat unit) into one of two groups using a computer-
generated technique (https://www.randomizer.org/ (accessed on 3 March 2020)). The
control group (CON) undertook standard military physical training whilst the experimental
group (EXP) undertook pre-defined, individualised physical training based on measures
obtained from a CMJ test.

2.2. Participants

Seventeen healthy, active personnel (13 male, 4 female) volunteered for and completed
this study from a range of infantry, artillery, cavalry, communications and military police
units. Nine (7 male, 2 female) of these participants were allocated to CON and eight
participants (6 male, 2 female) were allocated to EXP. Participants’ initial mean (£standard
deviation, SD) age, height, mass and body mass index (BMI) were similar between groups
and presented in Table 1. All participants were fully qualified within their individual em-
ployment categories and of a deployable medical employment classification. Participants
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completed a pre-screening form to confirm their healthy status (e.g., free from muscu-
loskeletal injury). Leg and arm dominance were identified as the limb that participants
used for kicking and writing/throwing, respectively. Prior to testing, all participants
provided written informed consent in accordance with organisational ethical approval
(Departments of Defence & Veterans Affairs Human Research Ethics Committee 290-020).

Table 1. Participants’ baseline characteristics.

CON (n=9) EXP (n =8)

Age (years) 309 +£94 249+ 3.8
Height (cm) 172.7 £ 6.7 1789 +9.3
Mass (kg) 784 £129 759 £9.5
BMI (kg/m?) 263+ 4.0 23.8+26

Values are mean =+ standard deviation; CON = control group; n = number of persons; EXP = experimental group;
cm = centimetre; kg = kilogram; m = metre.

2.3. Procedures

Participants completed assessments prior to and following the training program at ap-
proximately the same time of the day (06:00-09:00) within the same week (i.e., over 5 days).
Participants completed trials of all assessments before the commencement of the study and
each assessment was demonstrated prior to each testing session.

2.4. Warm Up

On day one, all participants completed a standardised warm-up followed by as-
sessments of lower limb power, core strength/stability, balance, upper body muscular
endurance and cardiorespiratory fitness within 1-h. The standardised warm-up lasted
5 min and consisted of the following activities in order: five lateral lunges per leg, five
reverse lunges per leg, ten good mornings, ten pogo jumps, five squat jumps, five tuck
jumps, ten pogo jumps, five squat jumps, and five tuck jumps.

2.5. Countermovement Jump Assessments

After a 2 min rest, participants completed a two-leg CM]J, one-arm plank, one-leg
balance and one-leg CM] assessment without shoes (i.e., barefoot) using a commercially
available and calibrated piezoelectric force plate, sampling at a frequency of 1000 Hz
(Bertec/Sparta, SSFP01; Sparta Science, Menlo Park, CA, USA) [17]. All participants were
instructed to perform each assessment to the best of their ability (i.e., maximal jump height,
minimal movement during balance/plank). For the two-leg CM]J, each participant stood
on the force plate. Upon hearing an auditory cue that indicated stabilisation of body
weight, participants performed a CMJ with 2-arm swing. Participants completed a total
of four, maximal-effort two-leg CM] with 15 s rest intervals provided between successive
jumps [17]. A similar procedure was completed by participants during the last assessment
of the session for one-leg CM] assessments of both dominant and non-dominant legs.

2.6. Balance Assessments

Participants performed four, one-leg balance tests (two per limb) on the force plate.
To establish a baseline reading, each participant was instructed to stand on the force plate
with two feet and eyes closed. The first auditory cue indicated to the participant to balance
on their right leg (lifting the leg) for 20 s. A second auditory cue signalled the end of
the 20 s trial and the participant stepped off the force plate to reset. The procedure was
repeated on the left leg. During each balance test, participants were permitted to touch the
ground with their elevated foot, if needed briefly, to maintain balance in accordance with
the manufacturer’s protocols [17].
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2.7. Plank Assessments

Participants performed a one-arm plank test with the force plate. Participants stood
on the force plate with both feet to allow assessment of body mass. The participant was
then prompted to reposition into a push-up/plank position with both hands and feet
shoulder-width apart. An auditory cue indicated to the participant to balance on their right
hand (picking up the left arm) for 20 s. A second auditory cue signalled the end of the
20 s trial with the participant removing both hands from the force plate and resetting. The
procedure was repeated for the left arm, and then repeated for both arms for a total of four
trials (two per limb) [17].

2.8. Push-Ups and Multistage Shuttle Test

After 5 min of rest, participants” upper body muscular endurance was assessed as the
maximum number of push-ups completed within 1 min [7]. Lastly, participants completed
the multistage shuttle test where they were instructed to complete as many 20 m shuttles as
possible in accordance with an audio recording [24]. The total number of shuttles completed
was recorded with the corresponding measure of cardiorespiratory fitness determined [24].

2.9. Muscular Strength Assessments

Approximately 24- and 72 h later, participants were assessed for muscular strength of
the legs (via squat) and chest (via bench press), and legs/back (via deadlift) and shoulders
(via strict press), respectively. The strength assessments employed a standardised three
repetition maximum (3RM) protocol [10]. Participants completed ten repetitions of the test
with 50% of their estimated 3RM followed by an additional warm-up set of three-to-five
repetitions. Weight was then added in increments of 5-10% until participants attained
a 3RM for each movement [10]. A minimum of 3 min of rest was employed between
successive attempts.

2.10. Weight-Loaded March

Finally, on day five, occupational performance was assessed during a weight-loaded
march (i.e., load carriage ability). Following a low-intensity warm-up, participants com-
pleted a 5 km march in uniform and boots, carrying a combined weight of 24 kg including
training rifle (4 kg) and field backpack (20 kg). Participants completed the weight-loaded
march as fast as possible by walking and shuffling [25].

2.11. Outcome Measures

The primary outcome measures included the following physical and occupational
assessments: number of push-ups in 60-s; predicted rate of oxygen consumption (millil-
itre/kilogram/minute); squat-3RM (kilogram); strict press-3RM (kilogram); deadlift-3RM
(kilogram); floor press-3RM (kilogram) and; 5 km weight-loaded march time (minutes). The
secondary outcomes measures included the greatest Sparta score (a population normalised
T-score) for the force plate assessments. The two-leg and one-leg CM] measures included
the total Sparta score, jump height (derived from flight time), injury risk score, load score,
explode score and drive score. The latter three scores (i.e., load, explode and drive) were
derived from the average eccentric rate of contraction (AERC), average concentric force
(ACF) and concentric vertical impulse (CVI) during the CM]J [22]. The load, explode and
drive scores were also represented visually to produce a “Sparta profile” which allowed for
easy identification of participants” imbalances by practitioners to then inform training [22].
The one-leg balance and plank measures included the Sparta scores for dominant and
non-dominant legs and arms, respectively, and the asymmetry ratio between dominant and
non-dominant limbs [26,27]. All secondary outcomes were calculated via custom-designed
software (Sparta Home 2.0, Sparta Science, Menlo Park, CA, USA) with the population
normalised T-scores incorporated into a predictive algorithm to calculate the participant’s
injury risk score [22,23,28]. Following the 5-week study period, participants were asked to
complete an online survey to document any injuries experienced and their management
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during the study period. For this study, an injury was defined as “any damage to the body
that resulted in reduced occupational or training function.”

2.12. Physical Training

Training consisted of one cardiorespiratory session on Monday, strength sessions
on Tuesday and Thursday (separated by at least 48 h), and one occupational session
on Friday each week for 5-weeks. All groups were prescribed the same interval-based
cardiorespiratory running program [i.e., Week 1 =4 x (400 m at target pace with 1 min rest,
200 m at target pace with 0.5 min rest and 100 m recovery jog); Week 2 =2 x (4 x 400 m at
target pace with 0.5-1 min rest) and 3 min between sets; Week 3 = 4 x (600 m at target pace
with 0.5-1 min rest, 200 m at target pace with 1 min rest); Week 4 =2 x (3 x 600 m at target
pace with 0.5-1 min rest) and 3 min between sets; Week 5 = 4 x 800 m at target pace with
0.5-1 min rest; target pace was based upon their individual target time for a 2.4 km basic
fitness test)]. All groups were prescribed the same occupational training program consisting
of a 24 kg weight-loaded march starting at 5.5 km in Week 1 that increased progressively
to 7 km by Week 5. The strength training sessions differed between groups with the CON
group undertaking resistance and circuit training. Resistance training included four sets of
8-12 repetitions for back squat/strict press and deadlift/bench press, plus four continuous
rounds of 10-12 repetitions of assistances exercises (e.g., sit-ups, upright rows, etc.) at a
rating of perceived exertion [RPE] of 7-8 out of 10. Circuit training included 6-20 x 15-30s
sprints with 15-30 s rest periods.

For the EXP group, the strength sessions consisted of activities recommended by
the Sparta Science software, based upon participant’s individual CM]J results and unique
Sparta profile (e.g., low load, low explode, etc.). Specifically, participants completed six
exercises (3 X 2 exercises superset) per day with each exercise consisting of two warm-up
and three working sets. Each working set consisted of 3-20 repetitions (pending exercise)
at a RPE of 6-10, as recommended for each individual. For example, participants with a
low load Sparta profile undertook five sets of front squats (RPE of 4-9, 10-3 repetitions)
superset with depth drop (5-3 repetitions of 20-40 cm), five sets of 1-leg squats (RPE of
4-8, 10-8 repetitions) superset with 1-leg calf raises (RPE of 2-6, 20-15 repetitions), and
standing barbell overhead press (RPE of 4-9, 10-3 repetitions) superset with bent over row
(RPE of 4-8, 15-8 repetitions), all on a 3 min cycle within the same session.

All sessions were progressively altered to enhance training stimulus over the study
period. Details of all training sessions completed were documented by participants in a
training diary that included session type, duration, load/intensity [29] with a minimum
compliance of 50% confirmed for all participants.

2.13. Statistical Analysis

Data is presented as mean =+ standard deviation (SD), unless otherwise stated. Due
to the sample size of each group, comparisons between groups prior to training (Week
0), and changes over time within groups (i.e., percentage change between Weeks 0 and 6)
were conducted via Mann-Whitney U tests (IBM SPSS Statistics for Windows, Version 28.0.
Armonk, NY, USA). Magnitude of change was calculated as an effect size (ES) using the
Mann-Whitney Z statistic and interpreted as large (0.5), medium (0.3), and small (0.1) [30].
The level of significance for all analyses was set at p < 0.05.

3. Results

Training compliance was similar between groups (65.6% =+ 13.6% vs. 71.8% £ 13.2%,
p = 0.135) with the overall completion being 68.8% =+ 13.4% of total possible sessions.

Table 2 summarises the physical and occupational assessments prior to and following
the 5-week training period. Both groups exhibited similar physical and occupational
performances prior to the training program except for the 5 km weight-loaded march
time, which was significantly faster for the EXP group (p = 0.038, large ES, Table 2). No
significant training changes for physical and occupational performances were observed
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except for 5 km weight-loaded march time, which was significantly increased for CON
compared to EXP (~5% vs. ~1%, p = 0.030, large ES, Table 2). The EXP group improved
their deadlift-3RM with this change greater compared to CON (~21% vs. ~8%, p = 0.054,
large ES, Table 2).

Table 2. Results for physical and occupational assessments prior to and following 5-weeks of training.

CON (n = 5-9) EXP (n =7-8)
Week 0 Week 6 Change (%) Week 0 Week 6 Change (%)
Muscular endurance
Push-ups in 60-s 293 +8.5 31.1£8.5 7.5+10.8 374 +10.1 38.1 £13.9 0.8 £11.8
_ Cardiorespiratory fitness
Predicted rate of oxygen consumption 415+76 409 + 6.2 —05+67  438+35 439437 03 + 4.6
(mL/kg/min)
Muscular strength
Squat—3RM (kg) 70.7 +13.0 839+ 117 20.1 +£14.2 829 +25.8 97.1 £29.1 179 £9.0
Strict press—3RM (kg) 393 £53 42.6 £ 3.8 91+92 39.3£9.3 439 +£12.3 108 +9.4
Deadlift—3RM (kg) 98.8 +19.4 106.3 +17.7 8.4 +6.8 929 +26.7 1114 £32.8 206 +£119 1t
Floor press—3RM (kg) 63.1 +13.6 70.0 £12.2 124+ 114 62.9 +21.0 679 +25.1 6.8+78
Occupational capacity
5 km weight loaded march time (min) 505+ 1.4 479 £2.7 —5.1+3.0 441+31* 43.8 £3.6 —0.7+4.0*
Values are mean =+ standard deviation; mL = millilitre; kg = kilogram; min = minutes; CON = control group;
n = number of persons; EXP = experimental group; t p = 0.054 vs. CON; * p < 0.04 vs. CON.
Results for the Sparta Science assessments are shown in Table 3 with no significant
differences between groups at Week 0 or training-induced changes (small-medium ES).
In terms of the two-leg CM]J Sparta profiles, visually apparent differences were observed
after the 5-week training period. For CON, the two-leg CM] Sparta profile changed
from a relatively even profile (i.e., similar load, explode and drive scores) at Week 0 to a
predominantly low-drive profile at Week 6 (Figure 1). Conversely, the EXP displayed a
high-drive profile at Week 0 that varied to a relatively even profile at Week 6 (Figure 1).
Based upon the proprietary profile definitions, a total of two participants in CON (22.2%)
and five participants in EXP (62.5%) changed their profile from Week 0 to Week 6.
Table 3. Results for Sparta Science assessments prior to and following 5-weeks of training.
CON (n =7-9) EXP (n = 7-8)
Week 0 Week 6 Change Week 0 Week 6 Change
Two-leg CM]J
Sparta total score 78.8 +4.9 76.7 £5.7 —21+43 781 +£3.1 793 +2.0 1.1+£20
Load score 45.8 +£10.3 48.5+10.9 28 +4.0 408 £5.3 427 £2.4 1.8 £3.9
Explode score 47.8 £12.6 49.0 £ 13.6 1.2+5.6 39.5+49 437 £ 6.5 42459
Drive score 441+124 36.8 +13.5 —73£92 512 +11.0 441+£9.6 —71+82
Jump height (cm) 37.3 £10.0 33.6 £8.8 -89 +£97 35.0+£8.2 344+77 —14+94
Injury risk score 1.78 +1.56 1.89 4 1.05 01+1.5 1.50 4= 0.93 1.25 £ 0.71 —-03+0.7
One-leg dominant
Sparta total score 66.1 + 2.5 66.4 3.0 03+1.1 68.0 £ 1.8 67.1 + 4.6 —0.6 £55
Load score 41.0+13.4 395+ 11.6 -15+35 346 +4.2 36.7 + 6.0 1.9+75
Explode score 283 £ 11.3 299 +9.9 1.7 £4.7 219 +£28 214+ 6.7 00+75
Drive score 327+154 274 +13.3 —53+94 475+54 57.0 £ 329 79 +374
Jump height (cm) 173 £3.5 173 £3.9 03 +10.7 179 £ 4.0 18.7 4.6 41+94
Injury risk score 2.14 £1.57 1.86 & 1.57 —-03£08 2.71 +1.38 3.57 £1.51 03+24
One-leg non-dominant
Sparta total score 65.8 + 1.8 65.1 6.3 —0.6 £65 67.9 £3.2 69.1 £3.1 1.3 +32
Load score 36.6 + 8.4 38.3 £8.9 1.7 £4.1 357 +£3.1 36.5+3.2 0.8+3.4
Explode score 23.6 +9.0 26.6 £9.1 29+54 21.8 £ 4.6 241 +5.2 23+£5.0
Drive score 47.7 £27.0 28.6 +16.5 —19.1 +£21.1 493 +£12.8 434 +12.8 —59+ 145
Jump height (cm) 18.1£5.8 155+4.1 —11.0 £18.0 174+ 44 17.6 £ 4.0 1.8+93
Injury risk score 3.00 £1.51 225+ 1.83 —-08+24 250 +1.77 250+ 1.77 0.0+21
Balance
Dominant (D) leg score 52.6 £5.3 452 £ 8.5 -74+114 553 £8.2 493 £78 —-59 +3.6
Non-dominant (ND) leg score 51.6 £ 6.5 483 +£7.5 -32+104 547 +£79 51.1+75 —3.6 3.6
Asymmetry ratio (D:ND) 1.03 & 0.08 0.95 +0.23 —0.07 £ 0.20 1.01 £ 0.07 0.96 & 0.03 —0.04 £0.08
Plank
Dominant (D) arm score 455+ 24 437 +£2.7 —-1.7£27 545+ 18.7 450+23 —9.6 £ 18.9
Non-dominant (ND) arm score 472 £ 34 459 £ 3.0 -13+16 61.9 +21.7 46.6 £2.9 —153 £19.7
Asymmetry ratio (D:ND) 0.97 4 0.04 0.96 + 0.09 —0.01 £ 0.06 092 +0.21 0.97 & 0.07 0.05 +0.16

Values are mean =+ standard deviation for scores, ratios and changes in scores and ratios; jump height is expressed
in centimetres (cm) with change as a percentage of Week 0 value; CON = control group; n = number of persons;
EXP = experimental group.
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Figure 1. Two-leg SPARTA profiles for CON (A) and EXP (B) prior to (white bars) and following
(black bars) 5-weeks of training.

A total of three injuries (all in CON) were reported during the study period. These
included aggravations of a prior shoulder injury during training, lower back injury during
the weight-loaded march and lower back injury during training. All injuries were managed
conservatively (i.e., no medical referral) with rest (i.e., one to seven days of limited activity).

4. Discussion

The aim of this pilot study was to determine the feasibility of implementing an
individualised and force plate guided physical training program in an active combat army
unit. Overall, the individualised program (EXP) was successfully completed and, for the
most part, resulted in similar physical, occupational and Sparta Science outcomes to that
of standard military physical training (CON). Further, the results indicated potential for
force plate technology to support more individualised training prescription in a combat
brigade environment. These preliminary results provide a foundation for future research
to expand upon and clarify the benefits of: (1) an individualised physical training program
on long-term physical performance and injury risk/incidence; and (2) force plate and
computerised systems as a monitoring tool to aid exercise prescription for active-duty
army personnel.
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The arduous nature of the military service is well-known with soldiers expected
to complete a range of occupational tasks [14,25]. Subsequently, physical training for
the military must be extensive and robust to prepare the war fighter for both acute and
chronic occupational physical demands. Recently, a systematic review identified that
non-traditional military physical training (i.e., advanced or structured resistance training
programs) had a greater effect on performance across a range of fitness domains includ-
ing occupationally specific tasks compared to traditional military physical training [14].
Furthermore, two recent studies in Australian Army recruits and soldiers have challenged
the traditional bias in military physical training towards field expediency and shown
it is possible to incorporate progressive resistance training into group training delivery
models [25,31]. Such departures away from traditional, ‘one size fits all” training regimes
have also been noted in elite sport with individualised injury prevention training programs
recommended [22,23,25]. Whilst such training regimes may be novel for the military, it re-
mains vital that these programs, at the very least, maintain the physical standards required
to prepare soldiers for operational demands [14,25]. The current results confirmed that
individually designed training resulted in similar physical performance standards as tradi-
tional group-based training and therefore was not a significant risk to physical preparation.
Further, we noted greater improvements in a measure of muscular strength (deadlift-3RM)
for the individualised training group (EXP) compared to group-based training (CON).
Most participants in EXP exhibited a low-explode (i.e., ACF) profile for the two leg CM]J
(Table 3, Figure 1) and poor trunk/torso stability [18]. Consequently, their training regimes
were prescribed with core/trunk exercises including deadlifts to address the limitations
identified by the proprietary software [18]. The significant improvement in deadlift-3RM
for EXP provides preliminary support for the utility of individualised training in the mili-
tary to address imbalances and potentially address fitness domains associated with lower
MSKI risk [18]. In addition, visually apparent (non-statistical) changes were observed
for the two-leg CM] jump profiles for each group. Force plate and computerised systems
include visual profiles to guide practitioners’ identification of individual’s weaknesses
that require address through physical training [15]. In the current study, EXP exhibited
a high-drive (CVI) and low-explode (ACF) profile at Week 0 that became more even (i.e.,
similar load, explode and drive scores) by Week 6 (Figure 1). This non-statistical profile
change provided preliminary support of the benefits for individualised training programs
to tackle disparities identified by force plate technology [18]. In contrast, CON exhibited
an initial two-leg CM]J even profile that was altered to a predominantly low-drive (CVI)
profile (Figure 1), a profile that has been associated with an increased risk of quadricep
and hamstring strain in high school, college and professional athletes [18,22]. Such low
power during the CVI phase of the CM] and potentially greater MSKI risk may be further
exacerbated in the military during stressors such as marching over uneven terrain and
heavy load carriage that may require consideration during training prescription [14,25,32].
Despite the current pilot results, the association between CMJ metrics and the likelihood of
sustaining a MSKI remains unclear [16] with larger, long-term studies needed to clearly
extend upon the current study results.

The current study has made a novel and preliminary contribution to our understanding
of the potential for force plate technology to support more individualised training for
military personnel. To our knowledge, the current study has been the only one that has
examined the impact of an individualised training program based on MSKI risk factors on
physical performance measures in army personnel. Prior studies of individualised training
programs have focused on performance optimisation for elite athletic populations, rather
than MSKI risks, with extremely different physical training requirements to the military [18].
Secondly, the current study incorporated active-duty soldiers within a military setting
to genuinely assess the real-world feasibility and application of individualised training
programs [3]. Thirdly, fithess measures, military-specific assessments and technology-
derived metrics (i.e., Sparta scores) were assessed concurrently to comprehensively assess
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the impact of tailored training programs from a physical performance, occupational and
technological perspective [7,22,32].

Notwithstanding these unique strengths, several limitations of the current study
existed. Firstly, a modest military cohort (1 = 17) was engaged in this pilot study due to oc-
cupational demands/duties. Secondly, the duration of the training period was shorter than
originally planned (5-weeks instead of 10-weeks) due to the occupational demands/duties
of an active combat brigade. Future research incorporating larger sample sizes and longer
training durations are encouraged to clarify the long-term benefits of individualised train-
ing physical performance and injury risk for army personnel [33,34]. Thirdly, the degree
of heterogeneity of the participants in this study was high in terms of fitness levels and
occupational demands. This being said, the participants examined in the current study
were reflective of the diverse nature of a combat brigade, mimicking the potential for an
emerging technology to be applied to a real-world military setting.

5. Conclusions

In conclusion, the current pilot study identified that a program of individualised phys-
ical training was feasible and produced similar physical, occupational and Sparta Science
performances to that of standard, group-designed, physical training in military personnel.
The results of the current study indicate that force plate technology may have utility in
supporting more individualised physical training programs to improve occupational per-
formance and/or reduce injury risk profiles. Future research is recommended to elucidate
the health, occupational productivity and healthcare cost benefits of individualised training
on performance and MSKI risk in larger samples of military personnel.

Author Contributions: C.S., K.D., B.H. and A.L. designed this research. C.S., K.D. and A.L. collected
and analysed the data. C.S. drafted the original manuscript. K.D., B.H. and A.L. reviewed and edited
the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: The authors have not received any funding for the current study.

Institutional Review Board: This study was approved by the Australian Department of Defence and
Veteran Affairs’ Ethics Committee (290/20).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data underlying this article will be shared on reasonable request
to the corresponding author.

Acknowledgments: The research team would like to thank the staff of the Human Performance
Centre and the physical training instructors located at the 3BDE gym of Lavarack Barracks Townsville
for their substantial contributions and enduring support of the project. In particular, the research
team would like to thank BRIG Kahlil Fegan, LTCOL Eron Bottcher, MA]J Jason Selman and SGT
Tavis Nicholson.

Conflicts of Interest: Authors KD and ASL are currently receiving funding (#10861) from the Depart-
ment of Defence, Australia for a separate project. All other authors have no conflict of interest. The
authors declare that the results of the study are presented clearly, honestly, and without fabrication,
falsification, or inappropriate data manipulation. The views, opinions and/or findings contained in
this study are those of the authors and should not be construed as official Australian Defence Force
position, policy or decision.

1. Bull, EC.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P; Cardon, G.; Carty, C.; Chaput, J.-P; Chastin, S.; Chou, R;;
et al. World Health Organization 2020 guidelines on physical activity and sedentary behaviour. BJSM 2020, 54, 1451. [CrossRef]

[PubMed]

2. Flanagan, S.D.; Sinnott, A.M.; Krajewski, K.T; Johnson, C.D.; Eagle, S.R.; LaGoy, A.D.; Beckner, M.E.; Beethe, A.Z.; Turner, R;;
Lovalekar, M.; et al. Prevention of exertional lower body musculoskeletal injury in tactical populations: Protocol for a systematic
review and planned meta-analysis of prospective studies from 1955 to 2018. Syst. Rev. 2018, 7, 73. [CrossRef] [PubMed]


http://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350
http://doi.org/10.1186/s13643-018-0730-9
http://www.ncbi.nlm.nih.gov/pubmed/29729666

Sports 2023,11, 8 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Heinrich, K.M.; Spencer, V.; Fehl, N.; Carlos Poston, W.S. Mission essential fitness: Comparison of functional circuit training to
traditional army physical training for active duty military. Mil. Med. 2012, 177, 1125-1130. [CrossRef] [PubMed]

Westphalen, N. Rehabilitation in the Australian Defence Force. JMVH 2019, 27, 7-14.

Lisman, PJ.; de la Motte, S.J.; Gribbin, T.C.; Jaffin, D.P.; Murphy, K.; Deuster, P.A. A systematic review of the association between
physical fitness and musculoskeletal injury tisk: Part 1—Cardiorespiratory endurance. J. Strength Cond. Res. 2017, 31, 1744-1757.
[CrossRef]

Knapik, J.J. The importance of physical fitness for injury prevention: Part 1. J. Spec. Oper. Med. 2015, 15, 123-127. [CrossRef]

De la Motte, S.J.; Gribbin, T.C.; Lisman, P.; Murphy, K.; Deuster, P.A. Systematic review of the association between physical fitness
and musculoskeletal injury risk: Part 2-muscular endurance and muscular strength. J. Strength Cond. Res. 2017, 31, 3218-3234.
[CrossRef]

Trank, T.V.,; Ryman, D.H.; Minagawa, R.Y.; Trone, D.W.; Shaffer, R.A. Running mileage, movement mileage, and fitness in male
U.S. Navy recruits. Med. Sci. Sports Exerc. 2001, 33, 1033-1038. [CrossRef]

Carstairs, G.L.; Ham, D.J.; Savage, R.J.; Best, S.A.; Beck, B.; Billing, D.C. A method for developing organisation-wide manual
handling based physical employment standards in a military context. J. Sci. Med. Sport 2018, 21, 1162-1167. [CrossRef]

Sharp, M.A.; Cohen, B.S.; Boye, M.W.; Foulis, S.A.; Redmond, ].E.; Larcom, K.; Hydren, ].R.; Gebhardt, D.L.; Canino, M.C.; Warr,
B.J.; etal. U.S. Army physical demands study: Identification and validation of the physically demanding tasks of combat arms
occupations. J. Sci. Med. Sport 2017, 20 (Suppl. S4), 562-567. [CrossRef]

Stockbrugger, B.G.; Reilly, T.].; Blacklock, R.E.; Gagnon, PJ. Reliability of the individual components of the Canadian Armed
Forces Physical Employment Standard. Appl. Physiol. Nutr. Metab. 2018, 43, 663-668. [CrossRef] [PubMed]

Knapik, J.J. The importance of physical fitness for injury prevention: Part 2. J. Spec. Oper. Med. 2015, 15, 112-115. [CrossRef]
[PubMed]

Kercher, V.M.; Kercher, K.; Bennion, T.; Yates, B.A.; Feito, Y.; Alexander, C.; Amaral, P.C.; Soares, W.; Li, Y.-M.; Han, ].; et al. Fitness
trends from around the globe. ACSMs Health Fit. |. 2021, 25, 20-31. [CrossRef]

Smith, C.; Doma, K.; Heilbronn, B.; Leicht, A. Effect of exercise training programs on physical fitness domains in military
personnel: A systematic review and meta-analysis. Mil. Med. 2022, 187, 1065-1073. [CrossRef]

Merrigan, J.J.; Stone, J.D.; Martin, ].R.; Hornsby, W.G.; Galster, S.M.; Hagen, ].A. Applying force plate technology to inform human
performance programming in tactical populations. Appl. Sci. 2021, 11, 6538. [CrossRef]

Hando, B.R.; Scott, W.C.; Bryant, ].F.; Tchandja, J.N.; Angadi, S.S. The use of force plate vertical jump scans to identify special
warfare trainees at risk for musculoskeletal injury: A large cohort study. Am. J. Sports Med. 2022, 50, 1687-1694. [CrossRef]
[PubMed]

Smith, C.; Doma, K.; Heilbronn, B.; Leicht, A. Reliability of force plate metrics during standard jump, balance, and plank
assessments in military personnel. Mil. Med. 2022, 2022, usac387. [CrossRef]

Mayberry, ] K.; Patterson, B.; Wagner, P. Improving vertical jump profiles through prescribed movement plans. J. Strength Cond.
Res. 2018, 32, 1619-1626. [CrossRef]

Kozing, Z.; Sarabon, N.; Kovéan, B.; Simenko, J.; Pori, P; Vodi¢ar, J.; Hadzic, V. Effects of 12-week full body resistance exercise on
vertical jumping with and without military equipment in Slovenian Armed Forces. BM] Mil. Health 2021. [CrossRef]

Simenkao, J.; Kovéan, B.; Pori, P; Vodicar, J.; Vodi¢ar, M.; Hadi¢, V. The relationship between army physical fitness and functional
capacities in infantry members of the Slovenian Armed Forces. J. Strength Cond. Res. 2021, 35, 3506-3512. [CrossRef]

Pontillo, M.; Sennett, B. Prediction of lower extremity injuries from vertical jump kinetic data in collegiate athletes. Med. Sci.
Sports Exerc. 2019, 51, 950. [CrossRef]

Laffaye, G.; Wagner, P.P.; Tombleson, T.I. Countermovement jump height: Gender and sport-specific differences in the force-time
variables. J. Strength Cond. Res. 2014, 28, 1096-1105. [CrossRef] [PubMed]

Mayberry, J.; Mullen, S.; Murayama, S. What can a jump tell us about elbow injuries in professional baseball pitchers? Am. ].
Sports Med. 2020, 48, 1220-1225. [CrossRef] [PubMed]

Léger, L.A.; Lambert, ]. A maximal multistage 20-m shuttle run test to predict VO2max. Eur. ]. Appl. Physiol. 1982, 49, 1-12.
[CrossRef] [PubMed]

Heilbronn, B.E.; Doma, K.; Gormann, D.; Schumann, M.; Sinclair, W.H. Effects of periodized vs. nonperiodized resistance training
on army-specific fitness and skills performance. . Strength Cond. Res. 2020, 34, 738-753. [CrossRef]

Pontillo, M.; Milic-Strkalj, I.; Sennett, B.]. Prediction of trunk injuries from core stability testing in collegiate athletes. Sports Orthop.
Traumatol. 2021, 37, 338-342. [CrossRef]

Troester, J.C.; Jasmin, J.G.; Duffield, R. Reliability of single-leg balance and landing tests in rugby union; prospect of using
postural control to monitor fatigue. J. Sports Sci. Med. 2018, 17, 174-180.

Pontillo, M.; Hines, S.M.; Sennett, B.]. Prediction of ACL injuries from vertical jump kinetics in divison 1 collegiate athletes. Int. J.
Sports Phys. Ther. 2021, 16, 156-161. [CrossRef]

Foster, C.; Florhaug, J.A.; Franklin, J.; Gottschall, L.; Hrovatin, L.A.; Parker, S.; Doleshal, P.; Dodge, C. A new approach to
monitoring exercise training. J. Strength Cond. Res. 2001, 15, 109-115.

Fritz, C.O.; Morris, P.E.; Richler, ].]J. Effect size estimates: Current use, calculations, and interpretation. J. Exp. Psychol. Gen. 2012,
141, 2-18. [CrossRef]


http://doi.org/10.7205/MILMED-D-12-00143
http://www.ncbi.nlm.nih.gov/pubmed/23113436
http://doi.org/10.1519/JSC.0000000000001855
http://doi.org/10.55460/AS9H-FO5O
http://doi.org/10.1519/JSC.0000000000002174
http://doi.org/10.1097/00005768-200106000-00024
http://doi.org/10.1016/j.jsams.2018.02.008
http://doi.org/10.1016/j.jsams.2017.09.013
http://doi.org/10.1139/apnm-2017-0650
http://www.ncbi.nlm.nih.gov/pubmed/29378155
http://doi.org/10.55460/1IEC-921I
http://www.ncbi.nlm.nih.gov/pubmed/26125174
http://doi.org/10.1249/FIT.0000000000000639
http://doi.org/10.1093/milmed/usac040
http://doi.org/10.3390/app11146538
http://doi.org/10.1177/03635465221083672
http://www.ncbi.nlm.nih.gov/pubmed/35384740
http://doi.org/10.1093/milmed/usac387
http://doi.org/10.1519/JSC.0000000000002248
http://doi.org/10.1136/bmjmilitary-2021-001899
http://doi.org/10.1519/JSC.0000000000003344
http://doi.org/10.1249/01.mss.0000563349.77782.55
http://doi.org/10.1519/JSC.0b013e3182a1db03
http://www.ncbi.nlm.nih.gov/pubmed/23838969
http://doi.org/10.1177/0363546520905543
http://www.ncbi.nlm.nih.gov/pubmed/32119563
http://doi.org/10.1007/BF00428958
http://www.ncbi.nlm.nih.gov/pubmed/7201922
http://doi.org/10.1519/JSC.0000000000003029
http://doi.org/10.1016/j.orthtr.2021.08.007
http://doi.org/10.26603/001c.18819
http://doi.org/10.1037/a0024338

Sports 2023,11, 8 11 of 11

31. Burley, S.D.; Drain, ].R.; Sampson, ]J.A.; Nindl, B.C.; Groeller, H. Effect of a novel low volume, high intensity concurrent training
regimen on recruit fitness and resilience. J. Sci. Med. Sport 2020, 23, 979-984. [CrossRef] [PubMed]

32. DelaMotte, SJ.; Lisman, P; Gribbin, T.C.; Murphy, K.; Deuster, P.A. Systematic review of the association between physical fitness
and musculoskeletal injury risk: Part 3—Flexibility, power, speed, balance, and agility. ]. Strength Cond. Res. 2019, 33, 1723-1735.
[CrossRef] [PubMed]

33. Clark, J.E. The impact of duration on effectiveness of exercise, the implication for periodization of training and goal setting for
individuals who are overfat, a meta-analysis. Biol. Sport 2016, 33, 309-333. [CrossRef]

34. Hackshaw, A. Small studies: Strengths and limitations. Eur. Respir. ]. 2008, 32, 1141. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.jsams.2020.03.005
http://www.ncbi.nlm.nih.gov/pubmed/32345543
http://doi.org/10.1519/JSC.0000000000002382
http://www.ncbi.nlm.nih.gov/pubmed/29239989
http://doi.org/10.5604/20831862.1212974
http://doi.org/10.1183/09031936.00136408
http://www.ncbi.nlm.nih.gov/pubmed/18978131

	Introduction 
	Methods 
	Study Design 
	Participants 
	Procedures 
	Warm Up 
	Countermovement Jump Assessments 
	Balance Assessments 
	Plank Assessments 
	Push-Ups and Multistage Shuttle Test 
	Muscular Strength Assessments 
	Weight-Loaded March 
	Outcome Measures 
	Physical Training 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

