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Background: Musculoskeletal injuries are a significant burden to United States Army Special Operations Forces. The advanced
tactical skill level and physical training required of Army Special Operators highlights the need to optimize musculoskeletal
characteristics to reduce the likelihood of suffering a recurrent injury.

Purpose: To identify the residual impact of previous injury on musculoskeletal characteristics.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: Isokinetic strength of the knee, shoulder, and back and flexibility of the shoulder and hamstrings were assessed as part
of a comprehensive human performance protocol, and self-reported musculoskeletal injury history was obtained. Subjects were
stratified based on previous history of low back, knee, or shoulder injury, and within-group and between-group comparisons were
made for musculoskeletal variables.

Results: Knee injury analysis showed no significant strength or flexibility differences. Shoulder injury analysis found internal
rotation strength of the healthy subjects (H) was significantly higher compared with injured (I) and uninjured (U) limbs of the injured
group (H, 60.8 ± 11.5 percent body weight [%BW]; I, 54.5 ± 10.5 %BW; U, 55.5 ± 11.3 %BW) (P¼ .014 [H vs I] and P¼ .05 [H vs U]).
The external rotation/internal rotation strength ratio was significantly lower in the healthy subjects compared with injured and
uninjured limbs of the injured group (H, 0.653 ± 0.122; I, 0.724 ± 0.121; U, 0.724 ± 0.124) (P ¼ .026 [H vs I] and P ¼ .018 [H vs U]).
Posterior shoulder tightness was significantly different between the injured and uninjured limb of the injured group (I, 111.6� ± 9.4�; U,
114.4� ± 9.3�; P ¼ .008). The back injury analysis found no significant strength differences between the healthy and injured groups.

Conclusion: Few physical differences existed between operators with prior knee or back injury. However, operators with a
previous history of shoulder injury demonstrated significantly less shoulder strength than uninjured operators as well as decreased
shoulder flexibility on the injured side. All operators, regardless of prior injury, must perform the same tasks; therefore, a targeted
injury rehabilitation/human performance training specifically focused on internal rotation strength and tightness of the posterior
capsule may help reduce the risk for recurrence of injury. Operators presenting with musculoskeletal asymmetries and/or insuf-
ficient strength ratios may be predisposed to musculoskeletal injury.

Clinical Relevance: Specific fitness programs to compensate for deficiencies in strength and flexibility need to be designed that
may reduce the risk of injuries in Special Forces Operators.
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Musculoskeletal injuries are a significant burden in the United
States Army Special Operations Forces (ARSOF).18,25,26

Previous work from our laboratory found that the shoulder,
knee, and low back were a significant problem, with a high rate
of injury in ARSOF.1 Due to the high physical demand of
ARSOF operators training and operations, acute and overuse

musculoskeletal injuries are the most common reason for
medical clinic visits and missed duty days.26 However, there
are limited published data describing musculoskeletal charac-
teristics of ARSOF operators who have suffered prior injury.
Deficits in strength and flexibility after injury may impede tac-
tical readiness, reduce physical performance, and increase risk
of suffering a subsequent injury.18,26 The advanced tactical
skill level and physical training required to be an ARSOF
operator highlights the need to improve suboptimal musculo-
skeletal characteristics, regardless of injury history, to reduce
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the likelihood of suffering a future injury as well as to maxi-
mize tactical performance.

It is understood thatdeficits in musculoskeletal character-
istics are risk factors for musculoskeletal injury. A study
in professional soccer players took a subset of subjects who
presented with preseason strength imbalances and put them
through a strengthening protocol to correct the strength
imbalance.9 Once corrected, there was no difference in injury
rates between the corrected strength imbalance group and
the group who showed no muscular imbalance in the presea-
son.9 After a musculoskeletal injury in an athletic popula-
tion, it is recommended that an athlete not return to
full sport participation until the injured musculature is at
least 90% the strength of the contralateral uninjured
musculature.10

Another variable found to influence performance among
both athletic and military populations is flexibility. Several
studies have found that posterior shoulder tightness is
related to shoulder impingement, rotator cuff injury, and
labral tears.6,15,20,24,44 Manske et el28 also found that pos-
terior shoulder tightness was a limiting factor in shoulder
internal rotation flexibility. A study in military basic trai-
nees found that increased hamstring flexibility decreased
the overall number of lower extremity overuse injuries.17

If affected musculature is not properly rehabilitated after
injury, the residual flexibility and strength deficits are
thought to be a risk factor for future reinjury and early onset
osteoarthritis38; therefore, impaired musculoskeletal char-
acteristics as a result of past injury may be detrimental to
the short-term physical readiness of ARSOF operators and
overall career longevity. While identifying characteristics
associated with increased risk of musculoskeletal injury
within the ARSOF community would be ideal to understand
the mechanisms that produce injury, this is not always
feasible. Little is known about the physical differences of
operators who have a previous history of musculoskeletal
injury and those who have not suffered a previous injury.
The purpose of this study was to identify the residual
impact of previous injury on current musculoskeletal
characteristics.

METHODS

Operators were recruited through the Special Forces com-
munity via posted flyers, platoon briefings, and word of
mouth. Operators who volunteered for testing participated
in a standard protocol that included the measures defined
below. Prior to testing, all operators read and signed the
approved informed consent form in accordance with civilian

and military institutional review boards. Demographic
data were collected from operators for age, race, and years
of active duty experience. Also, a self-report history was
performed for musculoskeletal injuries sustained from time
of active duty status to study enrollment. A musculoskele-
tal injury was defined as an injury to the musculoskeletal
system (bones, ligaments, muscles, tendons, etc) that
resulted in alteration in tactical activities, tactical training,
or physical training for a minimum of 1 day, regardless of
whether medical attention was sought. All injuries were
recorded by a certified athletic trainer who had extensive
training and experience in the field of sports medicine.

Participants

All operators were recruited from the United States Army
Special Operations Command. To meet inclusion criteria,
all operators must have been between 18 and 55 years of
age; been cleared for full active duty; not sustained any
musculoskeletal injuries in the 3 months before the study;
not sustained a traumatic brain injury or balance disorder
in the past 3 months; had no cardiac, pulmonary, or meta-
bolic disorder; and not have exercised in the 12 hours before
the assessment.

Injury Operational Definitions

Subjects were grouped as injured (shoulder/knee/lower
back) or healthy. Injured subjects were defined at the time
of this study as those that had any chart-documented his-
tory of injury to the specified anatomic location for which
medical advice was sought. For shoulder and knee injuries,
we observed unilateral injury only; this was defined as past
injury to only 1 side, and designated the ‘‘injured side’’. The
opposite side was designated the ‘‘uninjured side’’. Subjects
with bilateral injury were excluded from analysis; this was
defined as a chart-documented history of past injury to
both sides of the body, even if at different time points.
Healthy subjects were defined at the time of this study
as those without any chart-documented history of injury
to a specified anatomic location (shoulder/knee/lower
back).

All injury types had standardized designations that were
discussed and defined by experienced clinicians and research-
ers in our group to ensure validity and consistency of data.
Shoulder injuries included all those that could be clinically
localized to the shoulder region (eg, impingement syndrome,
acromioclavicular joint sprain), knee injuries included all
those that could be clinically localized to the knee region
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(eg, ligament sprain, patellofemoral pain), and lower back
injuries included all those that could be clinically localized
to the lumbosacral region (eg, facet joint syndrome, muscle
strain). Healthy subjects were defined at the time of this
study as those without any chart-documented history of
past injury to the specified anatomic locations.

Laboratory Data

Body Composition. Body composition was measured
using the Bod Pod (COSMED USA). The Bod Pod is an air
displacement plethysmograph that uses whole-body densi-
tometry to determine body composition. The Bod Pod was
calibrated, and testing was performed in accordance with
the manufacturer’s instructions. Briefly, subjects were
tested while wearing only tight-fitting clothing (eg, com-
pression shorts) and an acrylic swim cap. Thoracic gas vol-
ume was estimated for all operators using a predictive
equation integral to the Bod Pod software, and body density
was calculated internally using the appropriate density
equation. Air displacement plethysmography has been
found to be a reliable and valid method for measuring body
composition in multiple populations.2,13,27,32

Muscular Strength. Muscular strength was assessed by
using the Biodex System 4 Pro Isokinetic Dynamometer
(Biodex Medical Systems Inc), and operators were stabi-
lized according to the manufacturer’s instructions. Opera-
tors were tested for muscular strength in the shoulder
(bilateral internal/external rotation), knee (bilateral flex-
ion/extension), and trunk (flexion/extension). All practice
and test trials were reciprocal concentric-concentric con-
tractions performed at 60 deg/s. Three warm-up trials
were given at 50% of self-perceived maximum exertion and
then 3 warm-up trials were given at 100% self-perceived
maximum effort. The subject rested for 1 minute prior to
performing 5 maximum test trials. The average peak tor-
que (N�m) was normalized for body weight and used for
data analysis. Muscular strength measured by isokinetic
dynamometry has been found to be a reliable and valid
method11,29,43 for measuring strength and has been used
previously in our laboratory.31,41

Flexibility. A digital inclinometer or standard plastic
goniometer was used for all range of motion measures.
Range of motion was measured in both shoulders for pas-
sive internal rotation, external rotation, and posterior
shoulder tightness. For lower extremity range of motion,
active knee extension (hamstring tightness) and active
ankle dorsiflexion (calf tightness) were measured bilater-
ally. Alignment of the inclinometer and goniometer was
performed based on previous research, which has been
shown to have good intrarater reliability (intraclass corre-
lation coefficient �0.85).4,22,30 Briefly, for internal and
external rotation, the fulcrum of the goniometer was
aligned with the axis of rotation for that joint, while the
stationary and movement arms were aligned parallel to
proximal and distal bony segments, respectively. Supine
posterior shoulder tightness was assessed with the parti-
cipant supine on a treatment table. One tester was posi-
tioned beside the shoulder being tested, while the
participant was asked to maximally retract his scapula.

The tester then placed 1 hand under the scapula, pressing
the thenar eminence against the lateral border of the sca-
pula, stabilizing the scapula in the maximally retracted
position. The tester then used the other hand to passively
move the participant’s arm into horizontal adduction
while maintaining neutral humeral rotation. At the end
range of horizontal adduction, the second tester recorded
the angle formed between the humerus and the horizontal
plane from the superior aspect of the shoulder. The ful-
crum of the goniometer was placed over the estimated
glenohumeral joint center, and the movement arm was
aligned with the humerus. The stationary arm was kept
parallel to the floor guided by a bubble level attached to
the arm.30 A full description of our methods can be found
in a previous article.39

Data Analysis

Descriptive statistics were calculated for demographic,
body composition, strength, and flexibility variables. Data
reduction procedures were performed before statistical
analyses. Average peak torque values were normalized to
bodyweight (%BW).40 Shoulder external/internal rotation
ratios were calculated by dividing external rotation values
by internal rotation values. Knee flexion/extension ratios
were calculated by dividing knee flexion values by knee
extension values.14 Torso extension/flexion ratios were cal-
culated by dividing trunk extension values by trunk flexion
values. Prior to statistical significance testing, normality of
data was assessed with the Shapiro-Wilk test. For within-
group side-to-side comparisons, paired t tests were used for
normally distributed data and Wilcoxon signed rank tests for
nonnormally distributed data. For between-group compari-
sons, unpaired t tests were used for normal distributions and
Mann-Whitney tests for nonnormal distributions. Statistical
analyses were performed using SPSS version 21 (SPSS Inc).
Significance levels were set a priori (a ¼ .05).

Clinical significance of data was also assessed. Based on
previous work, threshold values were identified for reci-
procal muscle group ratios: 0.7 for shoulder external/inter-
nal rotation,3,4,12 0.6 for knee flexion/extension,14 and 1.3
for torso extension/flexion.19,42 Ratios below these thresh-
olds were considered clinically significant. Limb symme-
try indices (LSIs) were computed similar to calculations
used by other authors: LSI (%) ¼ (right side/left side) �
100.9,14 In line with previous work, a side-to-side differ-
ence <10% was considered normal14,37; an LSI <90% or
>110% (ie, >10% side-to-side difference) was therefore
defined as abnormal and considered clinically significant.
Frequency counts were made of participants with recipro-
cal muscle group ratios below the previously identified
threshold values along with participants with side-to-
side differences >10% and proportions (prevalence) calcu-
lated. For the reciprocal muscle group ratio proportions,
numerators were the total number of participants with
subthreshold values and denominators were the total
number of participants in each anatomic region sample:
prevalence (%) ¼ (number of participants with subthres-
hold ratio/number of participants in the sample) � 100.36

For LSI proportions, numerators were the total number
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of subjects with side-to-side differences >10%, and
denominators were the total number of participants in
each anatomic region sample: abnormal LSI prevalence
(%) ¼ (number of participants with side-to-side differences
>10%/number of participants in the sample) � 100.36

RESULTS

Demographic data for height, weight, percent body fat, and
body mass index did not differ between injured and healthy
operators. Injury data reflect any injury incurred during
active duty status up to 3 months prior to testing. Healthy
is defined as the operator not reporting any injuries during
his active duty career. Age was significantly different
between healthy and injured operators with a previous his-
tory of shoulder injury (P ¼ .003); however, no differences
were seen in any other group (Table 1).

Low Back

A total of 86 healthy and 20 injured (low back) operators
were included in this analysis. No significant strength differ-
ences were demonstrated between groups for trunk strength.
Insufficient extension/flexion ratios, operationally defined
as differences greater than 1.3, were identified in 18.6% of
healthy subjects and 30% of injured subjects (Table 2).

Knee

A total of 51 healthy and 24 injured (knee) operators were
included in this analysis. Knee extension strength was sig-
nificantly different between limbs of the healthy group
(right, 231.59 ± 42.44 %BW; left, 224.73 ± 36.42 %BW;
P ¼ .029). No significant between-limb or between-group
differences in strength were demonstrated within the
injured group. Asymmetry differences for knee flexion
strength were identified in 45.1% of healthy subjects and
25% of injured subjects. Individual bilateral differences for
knee extension were identified in 43.1% of healthy subjects
and 25% of injured subjects. Insufficient knee flexion/exten-
sion ratio (<0.60) was identified in 43.1% of healthy subjects
and 66.6% of injured subjects. No significant differences
were demonstrated between limbs (injured) or between
groups. Bilateral hamstring flexibility was significantly

different between limbs within the healthy group (right,
17.89� ± 9.23�; left, 20.54� ± 9.93�; P < .001) (Table 3).

Shoulder

A total of 53 healthy and 29 injured (shoulder) operators
were included in this analysis. Internal rotation strength
of the healthy subjects was significantly greater (60.57 ±
11.54 %BW) than injured (54.54 ± 10.45 %BW; P ¼ .05) and
uninjured (55.54 ± 11.27 %BW; P ¼ .014) limbs of the
injured group. The external rotation/internal rotation
strength ratio was significantly lower in healthy subjects
(0.65 ± 0.12) compared with the injured (0.72 ± 0.12;
P ¼ .026) and uninjured (0.72 ± 0.12; P ¼ .018) limbs of the
injured group. Individual bilateral differences for internal
rotation strength were identified in 45.3% of healthy and
44.8% of injured subjects. Individual bilateral differences
for external rotation strength were identified in 35.8% of
healthy subjects and 34.5% of injured subjects. Insufficient
bilateral external rotation/internal rotation strength ratios
(<0.70) were identified in 35.8% of healthy subjects and
31.0% of injured subjects. Internal rotation flexibility was
significantly different bilaterally within the healthy group
(right, 58.35� ± 11.30�; left, 60.88� ± 9.83�; P¼ .040). Poster-
ior shoulder tightness was significantly different between
the injured and uninjured limb of the injured group (injured,
111.62� ± 9.44�; uninjured, 114.40� ± 9.34�; P ¼ .008). How-
ever, no significant differences were seen between groups
with regard to shoulder flexibility (Table 4).

DISCUSSION

Despite the high rate of musculoskeletal injuries suffered
among ARSOF operators, there is little published evidence

TABLE 1
Demographic Dataa

Low Back Knee Shoulder

Injured (n ¼ 20) Healthy (n ¼ 86) Injured (n ¼ 24) Healthy (n ¼ 51) Injured (n ¼ 29) Healthy (n ¼ 53)

Mean age, y 35.0 ± 6.38 32.60 ± 6.35 34.25 ± 6.42 33.51 ± 6.56 35.97 ± 7.26b 31.40 ± 5.79
Mean height, cm 180.87 ± 5.64 179.20 ± 5.63 180.67 ± 5.08 179.46 ± 5.17 178.83 ± 4.47 179.62 ± 5.56
Mean weight, kg 89.35 ± 9.53 86.03 ± 10.75 90.12 ± 11.14 85.59 ± 9.11 88.05 ± 9.81 85.51 ± 10.24
%BF 20.0 ± 5.75 17.73 ± 6.30 18.63 ± 5.68 17.37 ± 6.24 19.0 ± 7.03 17.55 ± 5.99
BMI, kg/m2 27.30 ± 2.40 26.76 ± 2.83 27.59 ± 2.98 26.57 ± 2.55 27.52 ± 2.88 26.48 ± 2.63

aValues are reported as mean ± SD. %BF, percent body fat; BMI, body mass index.
bSignificantly different between groups (P < .05).

TABLE 2
Low Back Dataa

Strength, %BW Injured Healthy

Flexion 193.53 ± 40.31 191.39 ± 33.42
Extension 282.15 ± 60.97 300.85 ± 69.86
E/F ratio 1.48 ± 0.31 1.59 ± 0.35

aValues are reported as mean ± SD. %BW, percent body weight;
E, extension; F, flexion.
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describing the musculoskeletal characteristics of operators
with a history of musculoskeletal injury and those with no
history of musculoskeletal injury.1 The objective of this
study was to determine the residual impact of previous
injury on current musculoskeletal characteristics. A review
of the data within both the prior musculoskeletal injury
group and no prior injury group revealed a higher propor-
tion of subjects demonstrating bilateral asymmetry >10%,
regardless of whether they presented with a prior injury.
This threshold has been found to be critical in previous
knee research to reduce the risk of musculoskeletal injury
and optimizing physical readiness.14,35,37 The large number
of subjects presenting with musculoskeletal asymmetries,
specifically strength-related asymmetries, may predispose
operators to additional injury. These scenarios may limit
physical readiness at the individual and unit level.

Isokinetic strength testing revealed a suboptimal
strength ratio between agonist and antagonist muscle
groups in the low back (<1.30), knee (<0.60), and shoulder
(<0.70). Operators with prior injury to the low back
demonstrated an extension/flexion ratio that is closer to
ideal (1.3) than their healthy cohorts. Rehabilitation with
low back pain typically focuses on increasing flexibility
and strengthening the core.23 This process of rehabilita-
tion and the fear of reinjury could have led the injured

group to more favorable habits within their physical train-
ing. Bilateral strength testing of the quadriceps and ham-
string resulted in 66.6% of subjects in the injured group
presenting with an insufficient knee flexion/extension
ratio. A lower percentage of healthy subjects (43.1%) also
presented with an insufficient knee flexion/extension
ratio. These abnormal knee extension/flexion ratios are
associated with lower extremity injuries in an athletic
population.21 Previous research using male participants
found individuals with a >10% difference between sides
were at increased risk for injury.14,37 Operators with
prior history of injury tended to have decreased shoulder
internal rotation strength compared with their healthy
cohorts. Achieving an optimal agonist:antagonist muscu-
lar strength ratio is critical to the prevention of musculo-
skeletal injury7,34 as well as optimizing tactical readiness.
Bilateral differences were not found in the shoulder; how-
ever, for knee flexion and knee extension strength, asym-
metries were found in both healthy and injured subjects.
The exact reason for the high proportion of bilateral asym-
metries among operators is not entirely understood. We
hypothesize that a high proportion of bilateral asymmetries
may result from greater emphasis being placed on the
operator’s dominant side over a period of time. An operator
can be part of an actively deploying Special Forces team for

TABLE 3
Knee Dataa

Healthy Injured

Right Left Injured Uninjured

Strength, %BW
Flexion 129.05 ± 20.48 126.44 ± 21.82 122.65 ± 21.72 125.71 ± 21.74
Extension 231.59 ± 42.44 224.73 ± 36.42b 233.67 ± 39.05 235.87 ± 33.15
F/E ratio 0.57 ± 0.08 0.56 ± 0.08 0.53 ± 0.08 0.54 ± 0.13

Flexibility, deg
Hamstring (AKE) 17.89 ± 9.23 20.54 ± 9.93b 20.28 ± 9.93 19.63 ± 9.63

aValues are reported as mean ± SD. AKE, active knee extension; %BW, percent body weight; E, extension; F, flexion.
bSignificantly different between limbs (P < .05).

TABLE 4
Shoulder Dataa

Healthy Injured

Right Left Injured Uninjured

Strength, %BW
External rotation 38.84 ± 6.33 38.59 ± 7.05 39.10 ± 8.06 38.84 ± 8.01
Internal rotation 60.57 ± 11.54b 59.02 ± 11.86 54.54 ± 10.45 55.54 ± 11.27
ER/IR ratio 0.65 ± 0.12b 0.66 ± 0.12 0.72 ± 0.12 0.72 ± 0.12

Flexibility, deg
External rotation 95.42 ± 8.48 95.10 ± 9.51 93.02 ± 11.07 94.90 ± 7.73
Internal rotation 58.35 ± 11.30c 60.88 ± 9.83 56.33 ± 13.25 58.67 ± 10.69
PST 111.67 ± 8.30 112.78 ± 7.54 111.62 ± 9.44c 114.40 ± 9.34

aValues are reported as mean ± SD. %BW, percent body weight; ER, external rotation; IR, internal rotation; PST, posterior shoulder
tightness.

bSignificantly different between right healthy and injured shoulder (P < .05).
cSignificantly different between limbs (P < .05).
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several years and complete repetitive mission-essential
training on a regular basis during that time to consistently
maintain or improve his level of tactical readiness. If the
operator repeatedly places a greater amount of stress on
the dominant limbs during tactical training (shooting, car-
rying loads, airborne operations, hand-to-hand combat
training, etc) over the course of a long duration of time,
it can be realistically proposed that natural adaptions,
such as increased muscular strength, will occur due to
increased demands.

The injured operator group showed bilateral asymme-
tries with posterior shoulder tightness. Several studies
have indicated that posterior shoulder tightness can be a
risk factor for future injury20,24 and reinjury.16 While pos-
terior shoulder tightness was not measured prior to injury,
and therefore it cannot be determined whether it was a rea-
son for the previous injury, improper return to within nor-
mal limits (bilateral symmetry within 10%) can lead to
future risk of reinjury. While no asymmetrical differences
were seen bilaterally within the injured group, we did find
significant bilateral differences with hamstring flexibility
in our healthy group. Previous hamstring injury has been
linked to deficits in proprioception, which is correlated with
future risk of injury in both the hamstring and low
back.38,41 Previous research in the military setting has
found that implementing a hamstring flexibility protocol
has decreased the risk of overuse injuries.17

A strength of this study is the large cohort of both injured
and uninjured operators. In addition, a within-person com-
parison was able to be performed on each individual. A lim-
itation of this study is that it was not possible to track
which operators performed physical therapy, how often,
and whether they had been discharged from their previous
injury. The injury history of operators was collected as a
self-report, which may present with certain advantages as
well as certain limitations. The injury history was collected
by a certified athletic trainer with extensive sports medi-
cine training and a clinical background in preventing, diag-
nosing, and treating musculoskeletal injuries. This allows
for more accurate recording of specific anatomic injury loca-
tion and understanding of injury mechanisms. By nature of
a self-report injury history, an operator may have not
recalled every injury he has suffered, thus omitting injuries
during the self-report history.8 However, past research has
shown that individuals in overall good health, of younger
age, and with higher education will more accurately report
injuries.4,43 In addition, operators do not always report
injuries to medical personnel so that they can avoid being
rolled from specialized schools, work-ups, and deployments,
so a self-report may have allowed us to capture data that
would not have been present in a medical chart review.
Another limitation for this study is that operators were
excluded if they presented with an injury in the previous
3 months. This may suggest that our group was tolerating
their limitations without sustaining another injury.

Clinical Implications

This study agrees with other studies that a critical strength
threshold >10% in both previously injured and uninjured

operators exists bilaterally. This critical threshold places
the operator at risk for musculoskeletal injury during phys-
ical training and tactical mission operations.33,34 A large
proportion of operators in this study with previous history
of injury present with agonist:antagonist ratios that are
considered suboptimal in the low back and knee. These
suboptimal characteristics place the operator at greater
risk for future injury. These potential injuries may then
affect the mission at both an individual and unit level,
potentially causing changes in personnel, as well as the
need for medical care. Identifying factors that cause bi-
lateral asymmetries and suboptimal agonist:antagonist
ratios in operators will need to be examined, and better
medical records on rehabilitation after injury will need
to be tracked. While operators are trained to perform all
duties (weaponry, tactical maneuvers, etc) bilaterally, a
greater demand may be placed on the dominant side,
which potentially may lead to these asymmetries.45 We
recommend a specialized comprehensive fitness program
to compensate for these deficiencies, which will hopefully
reduce the risk for injuries in Special Forces operators.
Previous research also has found several other interven-
tions that may be beneficial. These include education for
preventing overtraining, agility-like training, and nutri-
ent replacement education.5

REFERENCES

1. Abt JP, Sell TC, Lovalekar MT, et al. Injury epidemiology of U.S. Army

Special Operations forces. Mil Med. 2014;179:1106-1112.

2. Ballard TP, Fafara L, Vukovich MD. Comparison of Bod Pod and DXA

in female collegiate athletes. Med Sci Sports Exerc. 2004;36:731-735.

3. Bartlett LR, Storey MD, Simons BD. Measurement of upper extremity

torque production and its relationship to throwing speed in the com-

petitive athlete. Am J Sports Med. 1989;17:89-91.

4. Brown LP, Niehues SL, Harrah A, Yavorsky P, Hirshman HP. Upper

extremity range of motion and isokinetic strength of the internal and

external shoulder rotators in Major League Baseball players. Am J

Sports Med. 1988;16:577-585.

5. Bullock SH, Jones BH, Gilchrist J, Marshall SW. Prevention of physi-

cal training–related injuries. Am J Prev Med. 2010;38(1 suppl):S156-

S181.

6. Burkhart SS. Internal impingement of the shoulder. Instr Course Lect.

2006;55:29-34.

7. Clanton TO, Coupe KJ. Hamstring strains in athletes: diagnosis and

treatment. J Am Acad Orthop Surg. 1998;6:237-248.

8. Coughlin SS. Recall bias in epidemiologic studies. J Clin Epidemiol.

1990;43:87-91.

9. Croisier JL, Ganteaume S, Binet J, Genty M, Ferret JM. Strength

imbalances and prevention of hamstring injury in professional soccer

players: a prospective study. Am J Sports Med. 2008;36:1469-1475.

10. Drezner JA. Practical management: hamstring muscle injuries. Clin J

Sport Med. 2003;13:48-52.

11. 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;91:22-29.

12. Ellenbecker TS, Roetert EP, Piorkowski PA, Schulz DA. Glenohumeral

joint internal and external rotation range of motion in elite junior tennis

players. J Orthop Sports Phys Ther. 1996;24:336-341.

13. Fields DA, Goran MI, McCrory MA. Body-composition assessment via

air-displacement plethysmography in adults and children: a review.

Am J Clin Nutr. 2002;75:453-467.

6 Parr et al The Orthopaedic Journal of Sports Medicine



14. Grace TG, Sweetser ER, Nelson MA, Ydens LR, Skipper BJ. Isokinetic

muscle imbalance and knee-joint injuries. A prospective blind study.

J Bone Joint Surg Am. 1984;66:734-740.

15. Grossman MG, Tibone JE, McGarry MH, Schneider DJ, Veneziani S,

Lee TQ. A cadaveric model of the throwing shoulder: a possible etiol-

ogy of superior labrum anterior-to-posterior lesions. J Bone Joint

Surg Am. 2005;87:824-831.

16. Hamilton GM, Meeuwisse WH, Emery CA, Steele RJ, Shrier I. Past

injury as a risk factor: an illustrative example where appearances are

deceiving. Am J Epidemiol. 2011;173:941-948.

17. Hartig DE, Henderson JM. Increasing hamstring flexibility decreases

lower extremity overuse injuries in military basic trainees. Am J Sports

Med. 1999;27:173-176.

18. Hollingsworth DJ. The prevalence and impact of musculoskeletal inju-

ries during a pre-deployment workup cycle: survey of a Marine Corps

Special Operations company. J Spec Oper Med. 2009;9(4):11-15.

19. Iwai K, Nakazato K, Irie K, Fujimoto H, Nakajima H. Trunk muscle

strength and disability level of low back pain in collegiate wrestlers.

Med Sci Sports Exerc. 2004;36:1296-1300.

20. Kibler WB, Chandler TJ. Range of motion in junior tennis players par-

ticipating in an injury risk modification program. J Sci Med Sport.

2003;6:51-62.

21. Knapik JJ, Bauman CL, Jones BH, Harris JM, Vaughan L. Preseason

strength and flexibility imbalances associated with athletic injuries in

female collegiate athletes. Am J Sports Med. 1991;19:76-81.

22. Kolber MJ, Hanney WJ. The reliability and concurrent validity of

shoulder mobility measurements using a digital inclinometer and goni-

ometer: a technical report. Int J Sports Phys Ther. 2012;7:306-313.

23. Lindstrom I, Ohlund C, Eek C, Wallin L, Peterson LE, Nachemson A.

Mobility, strength, and fitness after a graded activity program for

patients with subacute low back pain. A randomized prospective clin-

ical study with a behavioral therapy approach. Spine (Phila Pa 1976).

1992;17:641-652.

24. Lintner D, Mayol M, Uzodinma O, Jones R, Labossiere D. Gleno-

humeral internal rotation deficits in professional pitchers enrolled in

an internal rotation stretching program. Am J Sports Med. 2007;35:

617-621.

25. Lovalekar M, Abt J, Sell T, Keenan K, Zimmer A, Lephart S. Descrip-

tive epidemiology of musculoskeletal injuries in naval special warfare

personnel. Med Sci Sports Exerc. 2013;45(5 suppl):63-66.

26. Lynch JH, Pallis MP. Clinical diagnoses in a special forces group: the

musculoskeletal burden. J Spec Oper Med. 2008;8(2):76-80.

27. Malavolti M, Battistini NC, Dugoni M, Bagni B, Bagni I, Pietrobelli A.

Effect of intense military training on body composition. J Strength

Cond Res. 2008;22:503-508.

28. Manske RC, Meschke M, Porter A, Smith B, Reiman M. A randomized

controlled single-blinded comparison of stretching versus stretching

and joint mobilization for posterior shoulder tightness measured by

internal rotation motion loss. Sports Health. 2010;2:94-100.

29. McCleary RW, Andersen JC. Test-retest reliability of reciprocal

isokinetic knee extension and flexion peak torque measurements.

J Athl Train. 1992;27:362-365.

30. Myers JB, Oyama S, Wassinger CA, et al. Reliability, precision,

accuracy, and validity of posterior shoulder tightness assessment in

overhead athletes. Am J Sports Med. 2007;35:1922-1930.

31. Nagai T, Sell TC, House AJ, Abt JP, Lephart SM. Knee proprioception

and strength and landing kinematics during a single-leg stop-jump

task. J Athl Train. 2013;48:31-38.

32. Noreen EE, Lemon PW. Reliability of air displacement plethysmogra-

phy in a large, heterogeneous sample. Med Sci Sports Exerc. 2006;

38:1505-1509.

33. Orchard J, Best TM, Verrall GM. Return to play following muscle

strains. Clin J Sport Med. 2005;15:436-441.

34. Orchard J, Marsden J, Lord S, Garlick D. Preseason hamstring mus-

cle weakness associated with hamstring muscle injury in Australian

footballers. Am J Sports Med. 1997;25:81-85.

35. Rahnama N, Lees A, Bambaecichi E. Comparison of muscle strength

and flexibility between the preferred and non-preferred leg in English

soccer players. Ergonomics. 2005;48:1568-1575.

36. Rivara FP. Injury Control: A Guide to Research and Program Evalua-

tion. New York, NY: Cambridge University Press; 2001:ix, 304.

37. Sapega AA. Muscle performance evaluation in orthopaedic practice.

J Bone Joint Surg Am. 1990;72:1562-1574.

38. Schmitt B, Tim T, McHugh M. Hamstring injury rehabilitation and pre-

vention of reinjury using lengthened state eccentric training: a new

concept. Int J Sports Phys Ther. 2012;7:333-341.

39. Sell TC, Abt JP, Crawford K, et al. Warrior model for human perfor-

mance and injury prevention: Eagle Tactical Athlete Program (ETAP)

part I. J Spec Oper Med. 2010;10(4):2-21.

40. 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.

41. Sell TC, Tsai YS, Smoliga JM, Myers JB, Lephart SM. Strength,

flexibility, and balance characteristics of highly proficient golfers.

J Strength Cond Res. 2007;21:1166-1171.

42. Smith SS, Mayer TG, Gatchel RJ, Becker TJ. Quantification of lumbar

function. Part 1: isometric and multispeed isokinetic trunk strength

measures in sagittal and axial planes in normal subjects. Spine (Phila

Pa 1976). 1985;10:757-764.

43. Sole G, Hamren J, Milosavljevic S, Nicholson H, Sullivan SJ. Test-

retest reliability of isokinetic knee extension and flexion. Arch Phys

Med Rehabil. 2007;88:626-631.

44. Tyler TF, Nicholas SJ, Roy T, Gleim GW. Quantification of posterior

capsule tightness and motion loss in patients with shoulder impinge-

ment. Am J Sports Med. 2000;28:668-673.

45. Vairo GL, Duffey ML, Owens BD, Cameron KL. Clinical descriptive

measures of shoulder range of motion for a healthy, young and phy-

sically active cohort. Sports Med Arthrosc Rehabil Ther Technol.

2012;4:33.

The Orthopaedic Journal of Sports Medicine Previous Injury Effects on Musculoskeletal Characteristics 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


