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ABSTRACT Soldiers must maintain tactical performance capabilities over the course of their career. Loss in physical
readiness may be a function of age and the operational demands associated with increasing years of service. The purpose
of this study was to assess strength and physiological characteristics in different cohorts of U.S. Army Soldiers based on
years of service and age. A total of 253 Soldiers (age: 28.1 ± 6.8 years; height: 1.76 ± 0.11 m; mass: 84.1 ± 12.2 kg)
participated. Individual subject cohorts were created based on years of service (1–5 years, 6–10 years, 11–15 years) and
age (20–24 years, 25–29 years, 30–34 years, 35–39 years, 40–44 years). Testing included shoulder, knee, ankle, and
torso strength, aerobic capacity/lactate threshold, anaerobic power/capacity, and body composition/total mass. Those with
11 to 15 years of service and between ages 30 and 34 had a higher percentage of body fat, and lower aerobic capacity
and lactate threshold than younger Soldiers with fewer years of service. Physical training interventions should focus on
maintenance of physiological characteristics to offset the loss of readiness at the similar time point of 11 to 15 years of
service and 30 to 34 years of age.

INTRODUCTION
A career in the armed forces is demanding given the high
operational tempo and wide spectrum of mission require-
ments. Service members must maintain a high level of physi-
cal readiness to meet the operational demands.1,2 Although
service members are a diverse cohort,3–5 those with the same
military occupational specialty are required to complete simi-
lar training and operational tasks despite differences in age
and years of military service.6–8

Changes in aerobic fitness because of age have been well
documented in the civilian population. As age increases, max-
imum heart rate decreases,9–12 reducing maximum cardiac
output during exercise.13 The resulting decline in maximal
oxygen consumption9,11,14 is nonlinear,15,16 with an acceler-
ated deterioration after 45 to 50 years old.15,17 Power and
strength decreases are also nonlinear,18,19 with power decreas-
ing by 3% per decade from ages 24 to 50 and a 7% decline
per decade from ages 50 to 74.20 Brown, et al14 measured a
0.048 watt per kilogram decline per year when exercising at
maximum aerobic capacity, demonstrating the decline in
power produced at maximal effort as age increases.

Ageing results in decreased in cardiorespiratory fitness
and increased body fat,16 and these deficits are of particular
concern to service members in physically demanding mili-
tary occupational specialty that are compounded by other

external factors. The weight added by basic protective equip-
ment alone is enough to decrease maximum aerobic capacity
by 50% and increase overall caloric expenditure by 20%.21

Previous research has also found decreased aerobic fitness
after deployment22–24 and decreased anaerobic power after
as little as 72 hours of sustained operational training.25,26

Deployment has been associated with increased body mass,
fat mass, and percentage of body fat,22 with small strength
gains22,24 as Soldiers self-select strength exercises more fre-
quently than aerobic conditioning.23,24,27 Although these
changes because of deployment and training are relatively
small, they may be amplified by age-related physiological
changes. If there is insufficient dwell time to rest, recover,
and retrain between deployments and sustained operational
training, these effects may become permanent.23

Strength and physiological characteristics such as aerobic
and anaerobic capacity are essential to performance of mili-
tary tasks. The relationship between these characteristics, age,
and years of military service are unknown. The purpose of
this study was to assess strength and physiological character-
istics in different cohorts of U.S. Army Soldiers based on
years of service and age. We hypothesized that older Soldiers
and those with more years of service would have a poorer
physical and physiological profiles than their younger, less
experienced counterparts.

METHODS

PARTICIPANTS
A total of 253 male Soldiers from the Army 101st Airborne
Division (Air Assault) were recruited to participate in this study
(age: 28.1 ± 6.8 years; height: 1.76 ± 0.11 m; mass: 84.1 ±
12.2 kg). Human subject’s approval was obtained from the
respective civilian and military Institutional Review Boards.
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Study Design
This study is a cross-sectional cohort design comparing
groups of Soldiers based on years of service (1–5 years, 6–
10 years, 11–15 years) and age (20–24 years, 25–29 years,
30–34 years, 35–39 years, 40–44 years). All testing was
performed at the University of Pittsburgh Human Perfor-
mance Research Center at Fort Campbell, Kentucky. Testing
was performed on two separate days, with at least 24 hours
between test days.

Instrumentation and Procedures
Body composition (percent body fat: %BF) was measured
using a BOD POD Body Composition System (Cosmed,
Italy). The BOD POD uses air displacement plethysmogra-
phy to measure body volume and calculate body density. This
has been shown to be a reliable (intraclass correlation coeffi-
cient [ICC] = 0.98–0.996) and valid (standard error of mea-
surement [SEM] = 0.47% BF) method of measuring body
composition28 in heterogeneous samples across a variety of
populations.29–31 The system was calibrated using the manu-
facturer recommended two-point calibration before each test.
Subjects were tested according to the manufacturer’s proto-
col and as previously reported.32

Bilateral isokinetic strength of the knee flexors/extensors,
shoulder internal/external rotators, and torso rotators were
measured using the Biodex Multi-Joint System 3 Pro (Bio-
dex Medical Systems, Shirley, New York). Isokinetic dyna-
mometry has been shown to be highly reliable (knee flexion:
ICC = 0.93–0.98, knee extension: ICC = 0.96–0.97, shoul-
der internal and external rotation: ICC = 0.784–0.798, trunk
rotation: ICC = 0.89–0.906) and a valid measure of the
strength of the primary movers in each of these ranges of
motion.28,33–36 Subjects were positioned and stabilized
according to the manufacturer’s guidelines, ensuring proper
alignment for testing and restricting accessory movements.
The subject then performed three practice trials at 50% max-
imal effort and three warm-up trials at maximal effort,
followed by 1 minute of rest. Peak isokinetic torque was then
recorded across five maximal effort repetitions (concentric/
concentric at 60° per second) and reported normalized to per-
cent body weight. Strength ratios were calculated to compare
agonist–antagonist strength of knee flexion to extension, shoul-
der external to internal rotation, and left to right torso rotation.

Anaerobic power and capacity were measured using an
electronically braked Velotron cycling ergometer (Racermate,
Seattle, Washington) during a Wingate protocol. This has
been shown to be a valid.37,38 and reliable (ICC = 0.91) mea-
sure of an individual’s ability to perform short-term, high
intensity exercise.28 The Velotron was calibrated according to
factory recommendations, and the seat and handle bars were
adjusted to fit each subject. After warming up at a self-
selected pace, subjects pedaled at 125 W for 20 seconds, and
then performed a maximal effort sprint for 30 seconds against
a braking torque of 9% body weight. This protocol has been

previously reported.28 Anaerobic power was reported as the
peak watts normalized to body weight during the first 5 sec-
onds of the test, and anaerobic capacity was reported as the
average watts normalized to body weight produced during the
entire 30 seconds.

Aerobic capacity (VO2max) and lactate threshold were mea-
sured during an incremental treadmill protocol using a porta-
ble metabolic system (Oxycon Mobile; Viasys, San Francisco,
California), heart rate monitor (Polar USA, Lake Success,
New York), and lactate analyzer (Arkray, Inc., Kyoto, Japan).
These systems are valid measurement tools,28,39 and were
calibrated according to factory specifications before each test.
Subjects performed a warm-up at a self-selected pace on the
treadmill for 5 minutes before testing. The modified incremen-
tal protocol used a constant speed and a 2.5% increase in
grade at the end of each 3 minute stage until volitional
fatigue.28,40 Treadmill speed was set at 70% of the mile pace
from the subject’s most recent Army Physical Fitness Test
2-mile run time.28 Aerobic capacity was normalized to body
weight (mL/kg/min) to evaluate differences in aerobic fitness
between subjects. Blood lactate levels were collected via
finger stick at rest, in the last minute of the warm-up and
each 3 minute test stage, immediately upon test termination,
and 3 minutes after test completion. Lactate threshold (the
inflection point where blood lactate increased nonelinearly)
was reported in relation to absolute value of oxygen con-
sumption (VO2), and the relative values of percentage of
VO2max and heart rate at lactate threshold.

Statistical Analysis
Shaprio-Wilk and Levene’s tests were used to determine
normality of sample distribution and homogeneity of vari-
ance respectively. For normally distributed variables, one-
way analysis of variance (ANOVA) and Tukey’s post-hoc
procedures were used to determine differences between age
and years of service groups. For variables with significant
Shapiro–Wilk tests, a Kruskal–Wallis ANOVA was used to
determine differences between groups. For those with signif-
icant Levene’s tests, an ANOVA with planned comparisons
and adjusted p values were used. All statistical measures
were obtained using IBM SPSS Statistics for Windows
(Version 21, IBM Corp., Armonk, NY). Statistical signifi-
cance was set at p < 0.05.

RESULTS
Descriptive data for each age cohort are presented in Table I.
There were no significant differences for height or mass
between age cohorts (p > 0.05). Physiological data for the
age cohort are presented in Table II. Soldiers aged 30 to 34
had more body fat than Soldiers aged 20 to 24 (p = 0.005)
and 25 to 29 (p = 0.012). Aerobic capacity (VO2max) was
higher in 20 to 24 year olds than 30 to 34 year olds (p =
0.041), 35 to 39 year olds (p = 0.047) and 40 to 44 year olds
(p = 0.041). Although there was no change in the percentage
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of VO2max at which lactate threshold occurred, the absolute
value of VO2 at lactate threshold decreased with age: VO2 at
lactate threshold was higher in 25 to 29 year olds than 30 to
35 year olds (p = 0.0207). Heart rate at lactate threshold was
significantly greater in those age 20 to 24 than those age 40
to 44 (p = 0.035). The overall analysis for anaerobic capacity
was significant (p = 0.01), but there were no significant post-
hoc comparisons. No significant strength differences existed
for knee flexion, knee extension, shoulder internal rotation,
shoulder external rotation, torso rotation, right knee flexion/

extension ratio, left and right shoulder external rotation/internal
rotation ratio, or torso rotation ratio (p > 0.05). The overall
analysis for left knee flexion/extension ratio was significant
(p = 0.035), but there were no significant post-hoc comparisons.

Descriptive data for each years of service cohort are
presented in Table III. There were no significant differences
for height or mass between the years of service cohorts ( p >
0.05). For physiological data (Table IV), Soldiers with 1 to
5 years of experience had lower body mass index (BMI)
than those with 11 to 15 years of service ( p = 0.023).

TABLE I. Descriptive Statistics by Age

Age n

Age (Years) Experience (Years) Height (cm)* Weight (kg) No.

Mean ±SD Mean ±SD Mean ±SD Mean ±SD

20–24 77 21.13 1.35 3.83 1.36 176.98 7.55 80.82 12.10
25–29 79 26.61 1.29 5.96 2.54 178.12 7.13 86.11 11.43
30–34 45 31.53 1.50 9.69 2.63 177.4 6.31 85.43 13.70
35–39 19 36.79 1.62 10.58 3.34 176.2 7.21 86.33 8.22
40–44 21 42.1 1.76 12.81 1.57 175.15 9.33 83.34 12.54

*No significant differences between age cohorts ( p > 0.05).

TABLE II. Results Summary by Age

20–24 25–29 30–34 35–39 40–44

Mean ±SD Mean ±SD Mean ±SD Mean ±SD Mean ±SD

Physiological Data
Body Fat (%)a 18.79 7.26 19.26 7.55 23.32 7.67 24.52 5.31 21.61 5.63
BMI 25.82 3.48 27.38 3.62 27.42 3.93 27.82 2.02 27.82 2.51
HRmax (bpm) 191.99 9.05 187.35 9.18 188.43 7.03 184.41 8.64 179.42 8
VO2max (mL/kg/min)b 48.73 6.33 48.07 7.22 45.11 6.41 43.65 4.76 43.07 6.88
VO2 at LT (mL/kg/min)c 39.06 6.28 40.07 6.61 36.35 5.56 36.23 4.38 37.09 6.23
LT (%VO2max) 80.33 9.04 83.37 6.53 80.82 7.11 83.17 7.73 86.25 6.56
HR at LT (bpm)d 170.86 12.82 170.04 11.55 166.78 9.34 165.76 9.6 164.63 8.31
%HRmax at LT 89.01 5.39 90.76 4.38 88.55 4.39 89.94 4.38 91.81 3.74
Anaerobic Power (w/kg) 13.29 1.92 14.07 2.13 13.43 1.89 13.05 2.19 12.99 1.51
Anaerobic Capacity (w/kg) 7.84 0.93 7.97 1.17 7.57 0.95 7.43 0.82 7.46 0.92
Strength Data*
Left Knee Flexion (%BW) 113.06 27.75 114.52 26.11 115.84 22.75 109.79 21.94 109.49 27.53
Right KF (%BW) 115.49 26.66 120.52 26.36 112.87 26.62 116.15 20.92 115.09 22.57
Left KE (%BW) 229.81 43.67 228.74 45.36 231.62 43.8 208.75 34.28 204.04 46.78
Right KE (%BW) 241.67 48.92 238.68 49.37 243.41 45.92 223.93 40.78 224.58 44.19
Left KF:KE Ratio 0.49 0.08 0.5 0.09 0.51 0.08 0.53 0.09 0.55 0.12
Right KF:KE Ratio 0.48 0.08 0.51 0.08 0.47 0.09 0.53 0.08 0.52 0.07
Left Shoulder IR (%BW) 54.61 16.02 55.63 15.22 56.64 15.14 53.14 13.36 57.82 15.84
Right Shoulder IR (%BW) 60.82 14.95 61.35 14.4 62.79 14.8 57 12.93 59.18 17.1
Left Shoulder ER (%BW) 38.61 7.21 37.54 8.07 37.35 8.29 35.86 6.31 35.99 7.56
Right Shoulder ER (%BW) 42.99 8.61 41.69 8.69 41.89 8.62 39.35 7.26 38.49 7.7
Left Shoulder ER:IR Ratio 0.74 0.16 0.7 0.15 0.68 0.11 0.69 0.12 0.64 0.12
Right Shoulder ER:IR Ratio 0.73 0.16 0.69 0.12 0.68 0.1 0.7 0.1 0.67 0.12
Left TR (%BW) 150.18 37.47 157.75 29.56 154.15 31.99 144.52 25.79 153.65 38.35
Right TR (%BW) 149.99 34.43 156.21 30.26 155.57 33.15 144.87 22.13 153.69 36.04
Left:Right TR Ratio 1.01 0.12 1.02 0.12 1 0.11 1 0.11 1 0.1

BMI, body mass index; VO2, aerobic capacity; VO2max, maximum aerobic capacity; LT, lactate threshold; HR, heart rate in beats per minute; HRmax, maxi-
mum heart rate; KE, knee extension; KF, knee flexion; IR, internal rotation; ER, external rotation; TR, trunk rotation. Physiology data. aBody fat higher in
Soldiers aged 30 to 34 compared to 20 to 24 ( p = 0.005) and 25 to 29 ( p = 0.012). bAerobic capacity (VO2max) was higher in 20 to 24 year olds than 30 to
34 year olds ( p = 0.041), 35 to 39 year olds ( p = 0.047) and 40 to 44 year olds ( p = 0.041). cVO2 at LT was higher in 25 to 29 year olds than 30 to 35 year
olds ( p = 0.0207). dHeart rate at LT was significantly greater in those age 20 to 24 than those age 40 to 44 ( p = 0.035) Strength data. *No significant dif-
ferences between age cohorts for knee, shoulder, or torso strength ( p > 0.05).

MILITARY MEDICINE, Vol. 181, February 2016 175

Effects of Age and Military Service

Downloaded from publications.amsus.org: AMSUS - Association of Military Surgeons of the U.S. IP: 202.177.173.189 on Feb 08, 2016.

Copyright (c) Association of Military Surgeons of the U.S. All rights reserved.



Soldiers with 1 to 5 ( p < 0.001) and 6 to 10 years ( p =
0.016) of service both had significantly less body fat than
those with 11 to 15 years of service. Soldiers with 1 to 5
( p < 0.001) and 6 to 10 ( p < 0.001) years of service had
higher VO2max than those with 11 to 15 years of service.
Lactate threshold was also higher in those with 1 to 5 years
of service compared to the 11 to 15 years of service group
( p = 0.017). Heart rate at lactate threshold was significantly

greater in those with 1 to 5 years of service than those with
11 to 15 years of service ( p = 0.012). Left knee flexion/
extension ratio was significantly lower in the 1 to 5 years of
service compared to the 6 to 10 years of service group, and
both the 1 to 5 and 6 to 10 years of experience groups had
lower ratios than the 11to 15 years of service group ( p <
0.001 for all three comparisons). Left and right shoulder
internal/external rotation strength ratios were significantly

TABLE III. Descriptive Statistics by Years of Experience

Years n

Experience (years) Age (years) Height (cm)* Weight (kg)*

Mean ±SD Mean ±SD Mean ±SD Mean ±SD

1–5 123 3.53 1.08 23.68 3.42 177.36 7.60 82.95 12.88
6–10 67 7.63 1.23 28.46 3.89 177.02 7.62 84.91 10.88
11–15 63 12.49 0.95 36.51 5.77 176.49 7.79 85.49 11.99

*No significant differences between age cohorts ( p > 0.05).

TABLE IV. Results Summary by Years of Experience

1–5 6–10 11–15

Mean ±SD Mean ±SD Mean ±SD

Physiological Data
Body Fat (%)a 19.11 7.43 20.48 7.72 23.25 5.73
BMIb 26.48 3.82 27.08 3.50 27.86 2.83
HRmax (bpm) 190.54 9.16 186.77 8.33 185.35 9.89
VO2max (mL/kg/min)c 48.37 6.94 47.31 6.85 44.04 5.69
VO2 at LT

d 39.45 6.53 38.76 6.30 36.79 5.22
%VO2max at LT 81.71 8.10 82.01 7.24 83.73 7.56
HR at LTe 171.15 11.35 167.32 11.85 166.78 9.61
%HRmax at LT 89.85 4.73 89.58 4.82 90.08 4.59
Anaerobic Power (w/kg) 13.42 1.80 13.69 2.12 13.49 2.14
Anaerobic Capacity (w/kg) 7.84 0.92 7.79 1.15 7.62 1.03

Strength Data
Left KF (%BW) 112.92 27.03 113.31 24.18 113.57 24.50
Right KF (%BW) 116.54 27.44 114.56 23.27 117.06 24.55
Left KE (%BW) 230.17 45.92 224.59 39.41 215.97 45.07
Right KE (%BW) 244.44 52.04 230.78 39.60 233.53 43.07
Left KF:KE Ratio* 0.49 0.08 0.51 0.08 0.53 0.10
Right KF:KE Ratio 0.48 0.08 0.50 0.08 0.51 0.08
Left Shoulder IR (%BW) 54.60 16.07 58.01 14.01 54.39 13.95
Right Shoulder IR (%BW) 60.18 15.32 63.83 13.99 58.98 13.33
Left Shoulder ER (%BW) 38.30 7.86 37.29 7.70 36.09 6.61
Right Shoulder ER (%BW) 42.43 9.12 41.62 7.85 39.85 7.59
Left Shoulder ER:IR Ratio# 0.73 0.15 0.66 0.14 0.68 0.01
Right Shoulder ER:IR Ratio# 0.73 0.14 0.66 0.11 0.69 0.11
Left TR (%BW) 151.32 33.57 157.97 35.35 150.86 31.19
Right TR (%BW) 152.20 31.48 154.14 35.94 152.02 29.75
Left:Right TR Ratio 1.00 0.11 1.04 0.13 1.00 0.11

BMI, body mass index; VO2, aerobic capacity; VO2max, maximum aerobic capacity; LT, lactate threshold; HR, heart rate in beats per minute; HRmax, maxi-
mum heart rate; KE, knee extension; KF, knee flexion; IR, internal rotation; ER, external rotation; TR, trunk rotation. Physiology Data. aSoldiers with 1 to
5 ( p < 0.001) and 6 to 10 years ( p = 0.016) of service both had significantly less body fat than those with 11 to 15 years of service. bSoldiers with 1 to
5 years of experience had lower BMI than those with 11 to 15 years of service ( p = 0.023). cSoldiers with 1 to 5 ( p < 0.001) and 6 to 10 ( p < 0.001) years
of service had higher VO2max than those with 11 to 15 years of service. dLT was higher in those with 1 to 5 years of service compared to the 11 to 15 years
of service group ( p = 0.017). eHeart rate at LT was significantly greater in those with 1 to 5 years of service than those with 11 to 15 years of service
( p = 0.012) Strength Data. *Left knee flexion/extension ratio was significantly lower in the 1 to 5 years of service compared to the 6 to 10 years of service
group, and both the 1 to 5 and 6 to 10 years of experience groups had lower ratios than the 11 to 15 years of service group ( p < 0.001 for all three compar-
isons) #Left and right shoulder internal/external rotation strength ratios were significantly greater in those with 1 to 5 years of experience compared to those
with 6 to 10 years of experience (Left: p = 0.001, Right: p = 0.007).
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greater in those with 1 to 5 years of experience compared to
those with 6 to 10 years of experience (left: p = 0.001, right:
p = 0.007). There were no significant strength differences
for knee flexion, knee extension, shoulder internal rotation,
shoulder external rotation, torso rotation, or torso rotation
ratio ( p > 0.05).

DISCUSSION
Older Soldiers and those with more years of service demon-
strated poorer physiological characteristics, with large declines
occurring at the similar time period of age 30 to 34 and 11 to
15 years of service. Most Soldiers enlist in the Army between
ages 19 and 21,5 meaning that a 30-year-old Soldier likely
has 11 years of service. Those with 11 to 15 years of service
and between ages 30 and 34 had a higher percentage of body
fat, and lower maximum heart rate, aerobic capacity, and
lactate threshold than younger soldiers with fewer years of
service. Strength ratios at the knee and shoulder were sig-
nificantly different across the experience groups, indicating
that strength ratios may be more sensitive to change than
discrete strength measures.

Although the Department of Defense’s goal is to allow a
service member twice the amount of recovery time as deploy-
ment time, the ratios of deployment to dwell time during
Operation Iraqi Freedom and Operation Enduring Freedom
were closer to 1:1.41 This lack of recovery and retraining time
may explain why older soldiers and those with more years of
service had a larger decrement in performance variables than
would expected in a civilian or younger population. Changes
in aerobic capacity in civilian athletes have been attributed
largely to declines in HRmax,

42 which decreases at approxi-
mately 0.7 to 1 beat/min/year.10,12,43 This steady decline is
similar to that observed between age and experience groups
in the present study. Astrand’s classic study of maximal oxy-
gen uptake and age reported a 7% decline in HRmax over the
20-year observation period9; nearly identical to the 6.7%
decrease in HRmax between soldiers age 20 to 24 and those
age 40 to 44.

Aerobic capacity decreases in a nonlinear pattern among
civilian athletes, with large decreases in VO2max measured
after age 45 to 50,15,17,20,44, unlike in this sample, where a
large decrease occurred at age 30 to 34. These results are sim-
ilar to those of Giovannetti, et al45, who observed no signifi-
cant change in estimated VO2max until age 30 to 39 in
members of the U.S. Air Force; with a large drop in aerobic
capacity after age 30 and a steady decline continuing through
age 50 and over. This decline in VO2max may be due in part
to increased body fat in older and more experienced Soldiers,
as previous research has shown that men who are able to
maintain lean body mass are more likely to see smaller
declines in aerobic capacity42 and cardiorespiratory fitness.15

The absolute declines in HRmax and VO2max observed here
resulted in lower heart rate and VO2 at lactate threshold: with
no significant difference in percentage of maximum heart rate
or percentage of VO2max at lactate threshold, lower maximal

values for these variables mean that the absolute values at lac-
tate threshold must be lower as well.

Despite similarities in age-related changes in HRmax and
body composition between civilian athletes and Soldiers, the
combined effects of operational stress and deployment likely
result greater decrements in in aerobic capacity in this cohort.
Soldiers with fitness deficiencies must exert a larger percent-
age of their maximum effort when performing work related
tasks, accelerating fatigue and potentially increasing risk for
injury.28,46,47 Studies of injury rates in Soldiers identify
decreased aerobic capacity,3,7,24,45–49 higher BMI4,48,50 and
increased percentage of body fat28,49 as risk factors for injury
development. Therefore, the decrease in aerobic capacity and
increase in body fat observed in Soldiers of 30 to 34 years of
age and with 11 to 15 years of service in this study are espe-
cially concerning for risk of injury.

Although it was statistically significant, left knee flexion to
extension ratio only increased by 0.04 between the 1 to 5
and 11 to 15 years of service groups, and this measure was
approximately 0.50 for all age and experience groups on the
left and right knees. This is well below the 0.60 hamstring to
quadriceps strength ratio recommended for ligamentous and
muscular injury prevention.51 Soldiers from all age and expe-
rience groups could benefit from a hamstring strengthening
program. Bilateral shoulder internal to external rotation
strength ratios were statistically higher in soldiers with 1 to
5 years of service compared to those with 6 to 10 years of
service; however, the means for both of these groups (left:
0.73 ± 0.14 vs. 0.66 ± 0.14; right: 0.72 ± 0.14 vs. 0.66 ±
0.11) are within the normative range identified by Ellenbecker
et al52 of 0.66 to 0.75.

CONCLUSION
Changes in strength and physiological characteristics occurred
at younger ages in this cohort of Army personnel than has
been observed in the civilian population. Although the exact
reasons for the early decline in aerobic capacity and increased
body fat are not completely clear, they may be because of the
cumulative effects of operational training and deployment.
Strength findings in this study suggest that muscle balance is
more sensitive to small changes than individual muscle mea-
sures; therefore, human performance staff should use strength
ratios to monitor possible strength decrements across a Sol-
dier’s tactical lifecycle. Physical training interventions for
force protection have been effective,53–56 and the results of
this study indicate that these efforts should focus on Soldiers
age 30 to 34, particularly for those with more years of service.

ACKNOWLEDGMENT
This work was supported by the U.S. Army Medical Research and Materiel
Command No. W81XWH-11-2-0097. Opinions, interpretations, conclu-
sions, and recommendations are those of the authors and not necessarily
endorsed by the Department of Defense or U.S. Army.

MILITARY MEDICINE, Vol. 181, February 2016 177

Effects of Age and Military Service

Downloaded from publications.amsus.org: AMSUS - Association of Military Surgeons of the U.S. IP: 202.177.173.189 on Feb 08, 2016.

Copyright (c) Association of Military Surgeons of the U.S. All rights reserved.



REFERENCES
1. Skeehan CD, Tribble DR, Sanders JW, Putnam SD, Armstrong AW,

Riddle MS: Nonbattle injury among deployed troops: an epidemiologic
study. Mil Med 2009; 174(12): 1256–62.

2. U.S. Department of the Army: Army Physical Readiness Training. Field
Manual 7–22. Washington, DC: Headquarters, Department of the
Army, May 13, 2013. Available at http://armypubs.army.mil/doctrine/
DR_pubs/dr_a/pdf/fm7_22.pdf; accessed October 14, 2014.

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

4. Packnett ER, Niebuhr DW, Bedno SA, Cowan DN: Body mass index,
medical qualification status, and discharge during the first year of US
Army service. Am J Clin Nutr 2011; 93(3): 608–14.

5. Sharp MA, Patton JF, Knapik JJ, et al: Comparison of the physical fit-
ness of men and women entering the U.S. Army: 1978-1998. Med Sci
Sports Exerc 2002; 34(2): 356–63.

6. Henning PC, Park BS, Kim JS: Physiological decrements during
sustained military operational stress. Mil Med 2011; 176(9): 991–7.

7. Jones BH, Cowan DN, Tomlinson JP, Robinson JR, Polly DW,
Frykman PN: Epidemiology of injuries associated with physical training
among young men in the army. Med Sci Sports Exerc 1993; 25(2):
197–203.

8. Friedl KE: Body composition and military performance—many things
to many people. J Strength Cond Res 2012; 26(Suppl 2): S87–100.

9. Astrand I, Astrand PO, Hallbäck I, Kilbom A: Reduction in maximal
oxygen uptake with age. J Appl Physiol 1973; 35(5): 649–54.

10. Katzel LI, Sorkin JD, Fleg JL: A comparison of longitudinal changes in
aerobic fitness in older endurance athletes and sedentary men. J Am
Geriatr Soc 2001; 49(12): 1657–64.

11. Kusy K, Zielinski J: Aerobic capacity in speed–power athletes aged
20–90 years vs endurance runners and untrained participants. Scand J
Med Sci Sports 2014; 24(1): 68–79.

12. Tanaka H, Monahan KD, Seals DR: Age-predicted maximal heart rate
revisited. J Am Coll Cardiol 2001; 37(1): 153–6.

13. Tanaka H, Seals DR: Endurance exercise performance in Masters ath-
letes: age-associated changes and underlying physiological mechanisms.
J Physiol 2008; 586(1): 55–63.

14. Brown SJ, Ryan HJ, Brown JA: Age-associated changes in VO2 and
power output—A cross-sectional study of endurance trained New
Zealand Cyclists. J Sports Sci Med 2007; 6(4): 477–83.

15. Jackson AS, Sui X, Hébert JR, Church TS, Blair SN: Role of lifestyle
and aging on the longitudinal change in cardiorespiratory fitness. Arch
Intern Med 2009; 169(19): 1781–7.

16. Wiswell RA, Hawkins SA, Jaque SV, et al: Relationship between phys-
iological loss, performance decrement, and age in master athletes.
J Gerontol A Biol Sci Med Sci 2001; 56(10): M618–26.

17. Pimentel AE, Gentile CL, Tanaka H, Seals DR, Gates PE: Greater
rate of decline in maximal aerobic capacity with age in endurance-
trained than in sedentary men. J Appl Physiol (1985); 2003; 94(6):
2406–13.

18. Kasch FW, Boyer JL, Schmidt PK, et al: Ageing of the cardiovascular
system during 33 years of aerobic exercise. Age Ageing 1999; 28(6):
531–6.

19. Metter EJ, Lynch N, Conwit R, Lindle R, Tobin J, Hurley B: Muscle
quality and age: cross-sectional and longitudinal comparisons. J Gerontol
A Biol Sci Med Sci 1999; 54(5): B207–18.

20. Seiler KS, Spirduso WW, Martin JC: Gender differences in rowing per-
formance and power with aging. Med Sci Sports Exerc 1998; 30(1):
121–7.

21. Sell TC, Chu Y, Abt JP: Minimal additional weight of combat equip-
ment alters air assault soldiers' landing biomechanics. Mil Med 2010;
175(1): 41–7.

22. Lester ME, Knapik JJ, Catrambone D, et al: Effect of a 13-month
deployment to Iraq on physical fitness and body composition. Mil Med
2010; 175(6): 417–23.

23. Sharp MA, Knapik JJ, Walker LA, et al: Physical fitness and body
composition after a 9-month deployment to Afghanistan. Med Sci
Sports Exerc 2008; 40(9): 1687–92.

24. Warr BJ, Heumann KJ, Dodd DJ, Swan PD, Alvar BA: Injuries,
changes in fitness, and medical demands in deployed National Guard
soldiers. Mil Med 2012; 177(10): 1136–42.

25. Hackney AC, Shaw JM, Hodgdon JA, Coyne JT, Kelleher DL: Cold
exposure during military operations: effects on anaerobic performance.
J Appl Physiol (1985) 1991; 71(1): 125–30.

26. Nindl BC, Leone CD, Tharion WJ, et al: Physical performance
responses during 72 h of military operational stress. Med Sci Sports
Exerc 2002; 34(11): 1814–22.

27. Nindl BC, Castellani JW, Warr BJ, et al: Physiological Employment
Standards III: physiological challenges and consequences encountered
during international military deployments. Eur J Appl Physiol 2013;
113(11): 2655–72.

28. Crawford K, Fleishman K, Abt JP, Sell TC, et al: Less body fat
improves physical and physiological performance in army soldiers. Mil
Med 2011; 176(1): 35–43.

29. Ballard TP, Fafara L, Vukovich MD: Comparison of Bod Pod and
DXA in female collegiate athletes. Med Sci Sports Exerc 2004; 36(4):
731–5.

30. Noreen EE, Lemon PW: Reliability of air displacement plethysmography
in a large, heterogeneous sample. Med Sci Sports Exerc 2006; 38(8):
1505–9.

31. Vescovi JD, Zimmerman SL, Miller WC, Hildebrandt L, Hammer RL,
Fernhall B: Evaluation of the BOD POD for estimating percentage
body fat in a heterogeneous group of adult humans. Eur J Appl Physiol
2001; 85(3–4): 326–32.

32. Siri WE: Body composition from fluid spaces and density: analysis of
methods. In: Techniques for measuring body composition, pp 223–4.
Edited by Brozek J, Henchel A. Washington, DC, National Academic
Sciences/National Research Council, 1961. Available at http://books
.google.com/books/about/Techniques_for_Measuring_Body_Compositio
.html?id=ATErAAAAYAAJ; accessed October 14, 2014.

33. Keskula DR, Dowling JS, Davis VL, Finley PW, Dell’omo DL: Inter-
rater reliability of isokinetic measures of knee flexion and extension.
J Athl Train 1995; 30(2): 167–70.

34. Sell TC, Tsai YS, Smoliga JM, Myers JB, Lephart SM: Strength, flexi-
bility, and balance characteristics of highly proficient golfers. J Strength
Cond Res 2007; 21(4): 1166–71.

35. Drouin JM, Valovich-mcLeod TC, Shultz SJ, Gansneder BM, Perrin
DH: Reliability and validity of the Biodex system 3 pro isokinetic
dynamometer velocity, torque and position measurements. Eur J Appl
Physiol 2004; 91(1): 22–9.

36. Sole G, Hamrén J, Milosavljevic S, Nicholson H, Sullivan SJ: Test-
retest reliability of isokinetic knee extension and flexion. Arch Phys
Med Rehabil 2007; 88(5): 626–31.

37. Bar-Or O: The Wingate anaerobic test. An update on methodology, reli-
ability and validity. Sports Med 1987; 4(6): 381–94.

38. Patton JF, Duggan A: An evaluation of tests of anaerobic power. Aviat
Space Environ Med 1987; 58(3): 237–42.

39. Attinger A, Tüller C, Souren T, Tamm M, Schindler C, Brutsche MH:
Feasibility of mobile cardiopulmonary exercise testing. Swiss Med
Wkly 2006; 136(1–2): 13–8.

40. Kang J, Chaloupka EC, Mastrangelo MA, Biren GB, Robertson RJ:
Physiological comparisons among three maximal treadmill exercise pro-
tocols in trained and untrained individuals. Eur J Appl Physiol 2001;
84(4): 291–5.

41. Bonds TM, Baiocchi D, McDonald LL: Army deployments of OIF and
OEF. RAND Corporation, 2010. Available at http://www.rand.org/
pubs/documented_briefings/DB587.html; accessed October 14, 2014.

42. Hawkins SA, Marcell TJ, Victoria Jaque S, Wiswell RA: A longitudinal
assessment of change in VO2max and maximal heart rate in master athletes.
Med Sci Sports Exerc 2001; 33(10): 1744–50.

MILITARY MEDICINE, Vol. 181, February 2016178

Effects of Age and Military Service

Downloaded from publications.amsus.org: AMSUS - Association of Military Surgeons of the U.S. IP: 202.177.173.189 on Feb 08, 2016.

Copyright (c) Association of Military Surgeons of the U.S. All rights reserved.



43. Nybo L, Schmidt JF, Fritzdorf S, Nordsborg NB: Physiological character-
istics of an aging Olympic athlete. Med Sci Sports Exerc 2014; 46(11):
2132–8.

44. Martin JC, Farrar RP, Wagner BM, Spirduso WW: Maximal power across
the lifespan. J Gerontol A Biol Sci Med Sci 2000; 55(6): M311–6.

45. Giovannetti JM, Bemben M, Bemben D, Cramer J: Relationship between
estimated aerobic fitness and injury rates among active duty at an Air
Force base based upon two separate measures of estimated cardiovascular
fitness. Mil Med 2012; 177(1): 36–40.

46. Grier TL, Morrison S, Knapik JJ, Canham-Chervak M, Jones BH: Risk
factors for injuries in the U.S. Army Ordnance School. Mil Med 2011;
176(11): 1292–9.

47. Knapik JJ, Sharp MA, Canham-Chervak M, Hauret K, Patton JF, Jones
BH: Risk factors for training-related injuries among men and women in
basic combat training. Med Sci Sports Exerc 2001; 33(6): 946–54.

48. Gardner JW, Kark JA, Karnei K, et al: Risk factors predicting exer-
tional heat illness in male Marine Corps recruits. Med Sci Sports Exerc
1996; 28(8): 939–44.

49. Cowan DN, Bedno SA, Urban N, Yi B, Niebuhr DW: Musculoskeletal
injuries among overweight army trainees: incidence and health care uti-
lization. Occup Med (Lond) 2011; 61(4): 247–52.

50. Knapik JJ, Graham B, Cobbs J, Thompson D, Steelman R, Jones BH:
A prospective investigation of injury incidence and risk factors among
army recruits in combat engineer training. J Occup Med Toxicol 2013;
8(1): 5.

51. Holcomb WR, Rubley MD, Lee HJ, Guadagnoli MA: Effect of hamstring-
emphasized resistance training on hamstring:quadriceps strength ratios.
J Strength Cond Res 2007; 21(1): 41–7.

52. Ellenbecker T, Davies GJ: The application of isokinetics in testing and
rehabilitation of the shoulder complex. J Athl Train 2000; 35(3): 338–50.

53. Bullock SH, Jones BH, Gilchrist J, Marshall SW: Prevention of physi-
cal training-related injuries recommendations for the military and other
active populations based on expedited systematic reviews. Am J Prev
Med 2010; 38(1 Suppl): S156–81.

54. Jones BH, Hansen BC: An armed forces epidemiological board evaluation
of injuries in the military. Am J Prev Med 2000; 18(3 Suppl): 14–25.

55. Sell TC, Abt JP, Crawford K, et al: Warrior Model for Human Perfor-
mance and Injury Prevention: Eagle Tactical Athlete Program (ETAP)
Part II. J Spec Oper Med 2010; 10(4): 22–33.

56. Zambraski EJ, Yancosek KE: Prevention and rehabilitation of musculo-
skeletal injuries during military operations and training. J Strength Cond
Res 2012; 26(Suppl 2): S101–6.

MILITARY MEDICINE, Vol. 181, February 2016 179

Effects of Age and Military Service

Downloaded from publications.amsus.org: AMSUS - Association of Military Surgeons of the U.S. IP: 202.177.173.189 on Feb 08, 2016.

Copyright (c) Association of Military Surgeons of the U.S. All rights reserved.



Copyright of Military Medicine is the property of AMSUS and its content may not be copied
or emailed to multiple sites or posted to a listserv without the copyright holder's express
written permission. However, users may print, download, or email articles for individual use.


