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Abstract
Purpose. The educational process requires a commitment from officer cadets to

develop and maintain physical fitness as a basis for implementing various training tasks. This
process is often associated with numerous overloads and musculoskeletal injuries in students.
Therefore, the aim of the study was to assess whether injuries and overloads suffered during
the training process at the Military Academy of Land Forces differentiated somatic
constitution, physical fitness and functional parameters of the respiratory system in the officer
cadets. Methods. The research material was gathered as a result of testing officer cadets of
the Military Academy of Land Forces in Wroctaw in 2011-2015. 89 men were covered by the
study. The average age of the examined cadets was 22.9 years. Examinations of the students
included anthropometric measurements, physical fitness tests, spirometry and a survey.
Results. The results indicate the presence of significant differences in the somatic
construction of the officer cadets. Similar physical fitness and the level of the respiratory
system efficiency characterized separated groups of students in terms of suffered injuries.
Conclusions. Previous injuries turned out to be a factor, which significantly differentiated
somatic constitution of the officer cadets. The advantageous, from the health point of view,

mean values of the body height, lean body mass, muscle mass and bone mass characterized
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students, who during the four-year education at the military academy did not suffer
musculoskeletal injuries. Past injuries were not also a factor, which substantially diversified

the level of functional characteristics.

Keywords: musculoskeletal injuries, somatic construction, physical fitness

Introduction

Training of candidates for officers, especially candidates for sub-unit commanders, is
an important area of training activities of the Polish Armed Forces. At the General Tadeusz
Kosciuszko Military Academy of Land Forces the process of training candidates for officers
is realized at the Faculty of Management, the specialization ‘Command of sub-unit’.
Currently, the teaching load is 4293 hours within the three-year bachelor’s degree studies, and
2086 hours at supplementary MA studies. The main objective of the military training of
candidates for officers, graduates of secondary schools, is to prepare them to perform various
tasks in positions of platoon leaders. Knowledge, a variety of skills, including methodological
ones, and social competencies acquired in the educational process should provide them with
the ability to solve organizational problems effectively and conduct tactical operations on the
platoon level.

The process of education implemented at the Wroclaw Military Academy requires
a commitment from officer cadets to develop and maintain physical fitness as a basis for
implementing different training tasks. This process is often associated with numerous
overloads and musculoskeletal injuries in students. However, day-to-day routine physical
activity necessary to achieve and maintain the desired level of physical fitness may lead to
overloads and musculoskeletal injuries related to the training [3]. The recent study conducted
in the US Armed Forces revealed the relationship between training injuries and half of all
deaths of soldiers, half of all disabilities and half of all soldiers’ medical visits. According to
the researchers, the training injuries in the US soldiers result in a longer time of their absence
from service (from 5 to 22 days) than diseases do [4]. Many authors consider that the risk
factors for training injuries are both external, e.g. the environment, military personnel
activities, as well as internal, e.g. sex, age, the level of physical activity [4, 5, 6, 7].

The frequency and the type of training injuries differ significantly with respect to data
from different countries. In the Scandinavian armies, e.g. in the Norwegian Armed Forces, the
incidence of injury is higher compared to the US Armed Forces, and lower in comparison
with the Israeli, the South African or the New Zealand Armed Forces [4, 8, 9].
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The authors of most works taking up the issue of overloads and injuries of military
students tend to base on research carried out in short periods of training, e.g. during the basic
combat training or activities in the military training field [10, 11]. The number of publications
discussing the issues of incidence of injuries and overloads of soldiers over a long period of
training or education at military academies is negligible [12].

Therefore, the aim of the study was to assess whether injuries and overloads suffered
during the educational process at the Military Academy of Land Forces differentiated somatic
constitution, physical fitness and functional parameters of the respiratory system in the officer
cadets. It was hypothesized that more the favourable somatic build, from a health point of
view, and a higher level of physical fitness may be presented by students, who during the
four-year education at the military academy did not suffer musculoskeletal injuries.

Material and methods

The research material was gathered as a result of tests conducted among officer cadets
studying at the Military Academy of Land Forces in Wroctaw, Faculty of Management, in
2011-2015. The study covered 89 men. The average age of the cadets was 22.9 years.
Examinations of the students included anthropometric measurements, physical fitness tests
and spirometry. The basic somatic characteristics, i.e. height and weight were measured. The
body height was measured with the anthropometer with the accuracy of 0.1 cm, while the
body weight — using medical scales with the accuracy of 0.1 kg. Then, the body mass index
(BMI) was calculated on the basis of the height and weight measurements. The body
composition was assessed based on the bioelectrical impedance by means of the body
composition analyzer Tanita SC-330. The weight of body fat, lean body mass, muscle mass
and bone mass were checked as well. The level of physical fitness was determined using the
following motor test: run over a distance of 3000 m (cardio-respiratory endurance), bent arm
hang (functional strength), shuttle run 10 x 5 m (speed and agility), Flamingo balance test
(body balance).

The following respiratory abilities were also measured: forced expiratory volume in 1
second (FEV1), forced vital capacity (FVC), peak expiratory flow (PEF). All the above
measurements were made using the Pneumo RS spirometer with accuracy of 0.01 liters.

Measurements of the somatic characteristics as well as functional and respiratory
abilities were carried out in sports facilities of the Military Academy of Land Forces. Officer
cadets performed physical fitness tests in sports field uniforms, always in similar conditions.

The survey provided, among other things, the information about:

e types of injuries suffered by the cadets;
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e periods during which the test participant suffered from injuries;

e percentage distribution of the cadets, who suffered injuries in various periods of
education, with respect to their number;

e circumstances in which the men experienced injuries.

Statistica version 9.0 for Windows (StatSoft Inc., USA) was used for statistical
analysis. The arithmetic mean, standard deviation and coefficient of variation were calculated,
which were used to carry out the characteristics of the level of the selected somatic
characteristics as well as functional and respiratory abilities of the subjects. The Shapiro-Wilk
test was used to check the distribution of the examined variables for normal distribution. The t
Student’s test for independent samples was used, in order to determine statistically significant
differences in the level of the selected morphological characteristics and physical abilities
between separated groups of students in terms of suffered injuries. The level of significance =
0.05 (statistically significant differences were determined when p < 0.05).

Results

Out of the total number of the cadets the largest percentage (29.2%) are those, who did
not suffer any injury over a four-year period of education, and the men who had joint injuries
(23.6%). While the cadets who suffered orthopedic injuries during the training process at the
Wroclaw Military Academy constitute the lowest percentage of the respondents (2.2%)

(Figure 1).

Other injury

No injur
21.3% Y

29.2%

Tendon injury
6.7%

Orthopedic
injury2.2%

Muscle injury Joint injury
16.9% 23.6%

Figure 1. Percentage distribution of the cadets by the type of injury or its
absence
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The similar and at the same time the largest percentage of the men suffered the injury

during the second, third and fourth year of study (22.2% each) of the study group (Figure 2).

in various periods of

the education 1st year of study
14.3% 19.0%

4th year of study
22.2%

nd year of study
22.2%

3rd year of study
22.2%

Figure 2. Percentage distribution of the cadets by the time of injury
occurrence

Among those who suffered injuries at various stages of education the cadets with two
injuries constitute the largest percentage (59.4%), while those with more than four injuries -
the smallest one (Figure 3).

5 injuries® injuries 11 injuries
3.1% 1% .1%

4 injuries
9.4% 2 injuries
59.4%

Figure 3. Percentage distribution of the cadets, who suffered
injuries in various periods of education, with respect to their
number
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Of all the cadets, who had injuries while studying at the Military Academy of Land
Forces, the largest is the group of those who suffered them during sports and health trainings,
i.e. 38.1% (Figure 4). The smallest group of the respondents experienced the incidence of
injury at the time of the morning physical trainings (4.8%) and under many circumstances
(4.8%).

numerous do not know

circumstances ~ 9-5% training

38.1%

rogram classes

7.9%
morning physical

training
4.8%

Figure 4. Percentage distribution of the cadets by
circumstances of injury occurrence

The level of the analyzed somatic and functional features of the men tested is
presented in Table 1.

Table 1. General characteristics of the examined officer cadets

Total number of cadets
Variable
M SD \%
Body height [cm] 179.44 5.31 2.96
Body weight [kg] 78.66 8.38 10.65
Weight of body fat [kg] 13.17 3.74 28.40
Lean body mass [Kg] 65.49 5.54 8.46
Muscle mass [Kg] 62.23 5.29 8.50
Bone mass [kg] 3.25 0.25 7.69
BMI [kg/m?] 24.52 211 8.61
Run over a distance of 3000 m [s] 742.73 42.83 5.77
Bent arm hang [s] 49.60 13.50 27.22
Shuttle run 10 x 5 m [s] 19.09 1.18 6.18
Flamingo balance test [number] 5.80 3.18 54.83
FEV, [I/s] 4.98 0.23 4.62
FVvC [1] 6.08 0.26 4.28
PEF [I/s] 10.75 1.08 10.05

FEV, - forced expiratory volume in 1 second, FVC - forced vital capacity, PEF - peak expiratory flow
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Table 2. The descriptive statistics of the selected somatic characteristics and functional and
respiratory abilities of the examined officer cadets

Cadets without injuries Cadets V\:'r;[h ir_1cidence of
during four-year _njuries
_ education period ggﬂg%g%uggfgg
Variable N=26 N=63 t p
M SD \% M SD Vv
Body height [cm] 181.84 | 521 | 2.87 | 17845 | 5.06 | 2.84 2.85 0.01
Body weight [kg] 80.88 | 8.20 | 10.14 | 77.74 | 8.35 | 10.74 | 1.62 0.11
Weight of body fat [kg] 13.48 | 3.60 | 26.71 | 13.05 | 3.81 | 29.20 | 0.50 0.62
Lean body mass [kg] 67.40 555 | 823 | 64.70 | 538 | 8.32 2.14 0.04
Muscle mass [kg] 64.07 529 | 826 | 6148 | 515 | 8.38 2.14 0.03
Bone mass [kg] 3.33 0.26 | 7.81 3.22 0.24 | 7.45 2.04 0.04
BMI [kg/m?] 24.50 186 | 759 | 2453 | 222 | 9.05 0.04 0.97
Run over a distance of 3000 m [s] | 743.35 | 37.88 | 5.10 | 742.48 | 45.00 | 6.06 0.09 0.93
Bent arm hang [s] 46.69 | 10.39 | 22.25 | 50.79 | 1450 | 28.55 | 1.31 0.19
Shuttle run 10 x 5m [s] 18.85 113 | 599 | 1875 | 1.07 | 571 0.41 0.68
Flamingo balance test [number] 6.77 3.64 | 53.77 | 5.40 291 | 53.89 | 1.88 0.06
FEV, [I/s] 4.96 023 | 464 4.98 0.23 | 4.62 0.38 0.71
FVC[I] 6.08 027 | 4.44 6.08 0.26 | 4.28 0.14 0.89
PEF [I/s] 10.62 1.07 | 10.08 | 10.80 | 1.08 | 10.00 | 0.71 0.48

FEV; - forced expiratory volume in 1 second, FVC - forced vital capacity, PEF - peak expiratory flow
the bold-face indicates the t-Student test values (when there is a statistically significant difference between
intergroup mean values of a given trait) and p value (when p < 0.05)

Two teams of students separated depending on injuries or their absence are
characterized by the differentiated somatic construction and the body composition. as
evidenced by statistically significant differences in most of the analyzed somatic parameters
(Table 2). The cadets who did not suffer any injury during the period of four years of training
had the significantly more preferred, from the health point of view, body composition in
comparison to those who experienced injuries. This is evidenced by their higher mean body
height, lean body mass, muscle mass and bone mass. Only with respect to body weight, body
fat mass and body mass index the cadets do not substantially differ significantly.

The results obtained by the separate groups of cadets clearly indicate the similar level
of physical fitness and respiratory efficiency of the respondents (Table 2). The surprising fact
is that despite the lack of statistically significant differences in the level of functional abilities
and respiratory abilities, which are analyzed in the work, the military students who suffered

injuries during their education at the Wroclaw Military Academy were characterized by
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slightly more favorable results. This fact may result from adequate rehabilitation treatment
provided.
Discussion

Regular physical activity belongs to the most important determinants of human health.
It has a positive impact on the human body only when is of appropriate amount, intensity and
frequency. A risk to health grows in direct proportion to the load and intensity of physical
activity; risks associated with excessive body overload applied during many years of military
training are possible to appear. Too strenuous military training, like the training of athletes in
competitive sports, should include the need to prevent the occurrence of adverse effects:
overloads, injuries, diseases of various kind [12, 13, 14]. The improper use of loads leads to
fatigue and overtraining as well as is connected with inadequate injury prevention [15].

Unfortunately, the occurrence of injuries is common in the modern military education;
this is difficult to be avoided, even in the case when physical activity is undertaken only
during program classes. The authors of most works taking up the issue of injuries in the
course of the training process pay special attention to the high prevalence of injuries in the
initial period, during the basic training [16, 17, 18]. According to Wyss et al., the average rate
of injuries in soldiers of the Swiss Armed Forces in the training period is 18 injuries per 100
recruits a month [11]. In the opinion of the researchers of this matter, in other armies this ratio
varies between 10 and 15 per 100 recruits a month [16, 17, 18].

The analysis of own research results, however, has not confirmed the findings of the
abovementioned authors. Most musculoskeletal injuries of men occurred between the second
and the fourth year of study (22.2% each year).

The soldiers’ physical fitness and proper body composition can contribute to injuries
and diseases, the causes of which are not associated with combat activities. According to
Hartstein et al. [19], the soldiers who maintain a lower aerobic capacity are much more
exposed to injuries. In many works the correlation between physical fitness of the military
personnel or recruits and injuries arising from the service was revealed [20, 21]. Earlier
studies proved that elevated levels of aerobic capacity, strength, endurance and agility reduces
the risk of musculoskeletal injuries [20]. In addition, some studies showed that higher levels
of activity and the cardiopulmonary efficiency reduce the incidence of diseases [20].

The analysis of the results obtained in own research confirmed the findings of many
authors. The study showed that statistically significant differences between the cadets who
suffered musculoskeletal injuries in the four-year education period and the group of students

who did not experience any injuries in the teaching process exist only in body height, body
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lean body mass. muscle mass and bone mass. There were no significant differences observed

between the separated groups of respondents as far as physical fitness and the level of

functional abilities of the respiratory system are concerned.

Conclusions

1.

Musculoskeletal injuries in the educational process turned out to be the factor, which
differentiates somatic construction and body composition of the examined cadets.
There were no significant differences between the separated groups of men only in the
case of body weight, fat mass and body mass index. Students who did not suffer any
musculoskeletal injury during the four-year Military Academy education enjoyed
more favorable, from the health point of view, average values of body height, lean
body mass, muscle mass and bone mass.

The existing overloads and injuries did not differentiate physical fitness and the level
of the discussed in the work functional abilities of respiratory system. However, it
should be noted that the level of most functional abilities was higher, though slightly,
in men, who experienced overloads and musculoskeletal injuries during several years

of education.

References

1.

Leggat P.A., Smith D.R., Military training and musculoskeletal disorders.
J Musculoskelet Pain, 2007, 15 (2), 25-32, doi:10.1300/J094v15n02_06.

Owens B.D., Cameron K.L., Duffey M.L., Vargas D., Duffey M.J., Mountcastle S.B.
et al., Military movement training program improves jump-landing mechanics
associated with anterior cruciate ligament injury risk. J Surg Orthop Adv, 2013, 22 (1),
66-70, doi: 10.3113/JSOA.2013.0066.

Sharma J., Greeves J.P., Byers M., Bennett A.N., Spears I.R., Musculoskeletal injuries
in British Army recruits: a prospective study of diagnosis-specific incidence and
rehabilitation times. BMC Musculoskelet Disord, 2015, 16, 1-7, doi: 10.1186/s12891-
015-0558-6.

Havenetidis K., Paxinos T., Risk factors for musculoskeletal injuries among Greek
Army Officer Cadets undergoing basic combat training. Mil Med, 2011, 176 (10),
1111-1116.

Waterman B.R., Belmont P.J. Jr., Cameron K.L., Deberardino T.M., Owens B.D.,
Epidemiology of ankle sprain at the United States Military Academy. Am J Sports
Med, 2010, 38 (4), 797-803, doi: 10.1177/0363546509350757.

Waterman B.R., Schoenfeld A.J., Holland C.A., Goodman G.P., Belmont P.J. Jr.,
Burden of musculoskeletal disease and nonbattle nontraumatic injury in both war and
disaster zones. J Surg Orthop Adv, 2011, 20 (1), 23-29.

154



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Scott S.A., Simon J.E., Van Der Pol B., Docherty C.L., Risk factors for sustaining
a lower extremity injury in an Army Reserve Officer Training Corps Cadet
population. Mil Med, 2015, 180 (8), 910-916.

Carow S., Haniuk E., Cameron K., Padua D., Marshall S., DiStefano L. et al., Risk of
lower extremity injury in a military cadet population after a supervised injury-
prevention program. J Athl Train, 2014, 49 (3), 000-000, doi: 10.4085/1062-6050-
49.5.22.

Knapik J.J., Cosio-Lima L.M., Reynolds K.L., Shumway R.S., Efficacy of functional
movement screening for predicting injuries in coast guard cadets. J Strength Cond
Res, 2015, 29 (5), 1157-1162, doi: 10.1519/JSC.0000000000000704.

Goss D.L., Moore J.H., Slivka E.M., Hatler B.S., Comparison of injury rates between
cadets with limb length inequalities and matched control subjects over 1 year of
military training and athletic participation. Mil Med, 2006, 171 (6), 522-525.

Wyss T., Roos L., Hofstetter M.C., Frey F., Mader U., Impact of training patterns on
injury incidences in 12 Swiss Army basic military training schools. Mil Med, 2014,
179 (1), 49-55.

Uhorchak J.M., Scoville C.R., Williams G.N., Arciero R.A., St Pierre P., Taylor D.C.,
Risk factors associated with noncontact injury of the anterior cruciate ligament:
a prospective four-year evaluation of 859 West Point cadets. Am J Sports Med, 2003,
31 (6), 831-842.

Olchowska-Kotala A., Chromik K., Education and the prevention of postural defects.
Hum Mov, 2014, 15 (4), 199-203, doi: 10.1515/humo-2015-0011.

Malliaropoulos N., Mertyri D., Tsaklis P., Prevalence of injury in ultra trail running.
Hum Mov, 2015, 16 (2), 52-59, doi: 10.1515/humo-2015-0026.

Starosta W., Interdisciplinary conditions of sport training children and youth [In
Polish]. Miedzynarodowe Stowarzyszenic Motoryki Sportowej. Instytut Sportu w
Warszawie. Wyzsza Szkota Wychowania Fizycznego i Turystyki w Biatymstoku,
Warszawa 2012.

Heir T., Musculoskeletal injuries in officer training: one-year follow-up. Mil Med,
1998, 163 (4), 229-233.

Kaufman K.R., Brodine S., Shaffer R., Military training-related injuries; surveillance,
research and prevention. Am J Prev Med, 2000, 18, 54-63.

Popovich R.M., Gardner J.W., Potter R., Knapik J.J., Jones B.H., Effect of rest from
running on overuse injuries in army basic training. Am J Prev Med, 2000, 18, 147-
155.

Hartstein B.H., Boor D.D., Nystuen C.M., Comparison of medical visits by active
duty and National Guard soldiers at a forward deployed medical facility in Irag. Mil
Med, 2009, 174 (11), 1167-1171.

Gardner JW., Kark J.A., Karnei K., Sanborn J.S., Gastaldo E., Burr P. et al., Risk
factors predicting exertional heat illness in male Marine Corps recruits. Med Sci
Sports Exerc, 1996, 28 (8), 939-944.

Reynolds K., Knapik J.J., Hoyt R., Mayo H., Bremmer J., Jones B., Association of
training injuries and physical fitness in U. S. Army combat engineers. Med Sci Sports
Exerc, 1994, 26 (5), S219.

155



22. Knapik J.J., Ang P., Reynolds K., Jones B., Physical fitness, age and injury incidence
in infantry soldiers. J Occup Med, 1993, 35 (6), 598-603.

156



