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Abstract.
BACKGROUND: Unintentional musculoskeletal injury has a significant impact on military personnel which is amplified in
U.S. Navy Sea, Air, and Land Operators who participate in year round physical and tactical training. Full recovery from injury
including restoration of strength is necessary for safe participation in training and performance of missions. Inadequate recovery
may predispose the Operator to risk of future injury.
OBJECTIVE: The purpose of this study was to examine isokinetic knee and shoulder strength of previously injured Operators
who had returned to full duty.
METHODS: Two previously injured cohorts, a knee injury group (n = 46) and a shoulder injury group (n = 55), were created
from a larger group of Operators (n = 305) who had undergone strength testing. A comparison cohort was also created from
each injury group (knee injury control group (n = 77) and shoulder injury control group (n = 121). All participants underwent
isokinetic strength testing of their group assigned joint. This included knee flexion/extension strength testing for the knee group
and shoulder internal/external rotation strength testing for the shoulder group. Side-to-side comparisons were made within each
injury group and to the control group (injured extremity to strongest extremity of the control group). Individual counts within the
injured Operators with strength deficits greater than 10% in their injured extremity were also performed.
RESULTS: No significant side-to-side or between group differences were observed for the knee injury group. No significant
side-to-side or between group differences were observed except for shoulder external rotation strength which was significantly
different between groups (p = 0.003). Side-to-side strength deficits greater than 10% were observed in 20 to 25% of the injured
Operators.
CONCLUSION: The group comparisons demonstrate the effectiveness of the military group’s rehabilitation and performance
training programs, but continued vigilance and tracking of injured individuals are necessary to insure full recovery and return to
duty as a small number of each injured cohort did have strength deficits bilaterally.
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1. Introduction

The prevention of unintentional musculoskeletal in-
jury is a continued focus of human performance man-
agers and medical personnel in the military due to the
high prevalence and significant impact that injury can
have on performance and tactical readiness [1–8]. In
comparison to general purpose forces, injury preven-
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tion in U.S. Special Forces may have amplified impor-
tance due to the high intensity and volume of physical
and tactical training as well as the high-risk missions
they execute [9]. Injury prevention strategies focus on
improving human capabilities and reducing modifiable
risk factors for injury but the number of prospectively
identified risk factors for musculoskeletal injuries re-
mains relatively low. Previous injury is frequently cited
and may be the most common prospectively determine
risk factor for injury in both civilian and military popu-
lations regardless of anatomic location, type of injury,
or tissue involved [10–17]. The reasoning is likely mul-
tifactorial, and the effect on functional joint stability
likely plays a prominent role.

Functional joint stability can be defined as the state
of a joint remaining in or promptly returning to proper
alignment through the equalization of joint forces and
moments [18]. This requires synergistic function be-
tween the static (ligaments, joint capsule, cartilage,
friction, and bony geometry) and dynamic components
of joint stability. The dynamic components include the
neuromuscular control over the skeletal muscles cross
the joint and are dependent on the specific skeletal
muscle surrounding the joint’s characteristics [18–21].
The consequences of musculoskeletal injury can in-
volve changes in musculoskeletal tissue integrity and
persistent deficits in proprioception and neuromuscu-
lar control including negative effects observed in mus-
cular function/capability [22]. Strength, as measured
by force production capability, is one of the most ob-
servable effects of injury and is justifiably targeted as
part of rehabilitation prior to return to sport or return to
duty [23]. Strength is essential to efficient and effective
functional joint stability [24] with deficits influencing
future injury [25–30]. Sapega suggested that bilateral
strength deficits greater than 10% were possibly ab-
normal but strength deficits greater than 20% were al-
most certainly abnormal [31]. Schmitt and colleagues
demonstrated that quadriceps strength deficits in indi-
viduals who have suffered anterior cruciate ligament
injury negatively effect return to sport and result in
bilateral differences in landing biomechanics [27,32].
Side-to-side strength deficits have also been prospec-
tively associated with future injury including knee,
thigh, and ankle injuries [28,33,34].

Musculoskeletal injuries in military personnel are
frequent and predispose the individual to future in-
jury. These injuries affect multiple components neces-
sary for maintaining functional joint stability including
muscle strength. Special Forces Operators participate
in year round tactical and physical training in order

to maintain a high level of readiness, which increases
their likelihood of injury. Full recovery from injury is
essential for safe performance of missions and partic-
ipation in physical training. Inadequate recovery may
be evident in strength deficits and could potentially
predispose the Operator to future injury [35–40]. The
purpose of this study was to examine isokinetic knee
and shoulder strength of previously injured Operators
who had returned to full duty. We hypothesized that in-
dividuals who had suffered previous knee or shoulder
injury would have lower strength compared to a control
group and side-to-side differences greater than ten per-
cent. The results of this study, if our hypotheses were
true, would provide evidence for the potential risk of
future injury and demonstrate the need for continued
monitoring of strength and appropriate physical train-
ing to resolve any persistent strength deficits.

2. Methods

2.1. Participants

All of the participants were U.S. Navy Sea, Air, and
Land Operators who were part of a larger collabora-
tive study between Naval Special Warfare and the Uni-
versity of the primary investigator of the current study.
All testing was performed at the Warrior Human Per-
formance Research Center located at the participants’
military installation. All participants had been cleared
for full duty and voluntarily consented to participate in
the study. Human subject protection approval was ob-
tained and participants provided written informed con-
sent prior to enrollment and testing. The initial cohort
of participants included 305 Operators. A total of 46
participants from this larger cohort were classified as
having a unilateral knee injury (UKI) and 55 partic-
ipants were classified as having a unilateral shoulder
injury (USI) based on medical chart reviews. In order
to be classified as part of the UKI or USI group, there
had to be no medical chart history of injury to the con-
tralateral knee for the UKI group or the shoulder for
the for the USI group. An uninjured comparison group
was selected for the UKI and USI groups also based on
medical chart reviews. The comparison group for the
UKI cohort included 77 participants and the compari-
son group for the USI cohort included 121 participants.
The demographic data for each group are presented in
Table 1.

Injury data was sourced from each of the partici-
pant’s medical charts and entered in the University’s

AU
TH

O
R 

CO
PY



T.C. Sell et al. / Isokinetic strength of fully operational U.S. Navy Seals with a previous history of shoulder and knee injury 351

Table 1
Participant demographics

Age (years) Height (cm) Weight (kg)
Mean ± SD Mean ± SD Mean ± SD

Knee injury group (n = 46) 31.1 6.0 178.2 5.0 86.8 8.0
Knee injury control group (n = 77) 26.9 5.6 177.6 6.0 84.2 9.0
Shoulder injury group (n = 55) 30.6 6.1 178.0 6.4 87.0 9.4
Shoulder injury control group (n = 121) 27.2 6.1 177.6 6.0 84.5 8.7

Table 2
List of shoulder injuries

Shoulder injury type Count
Rotator cuff strain 10
Labral tear 7
Subacromial impingement 7
Glenohumeral dislocation 6
Pain (unspecified) 6
Acromioclavicular joint sprain 4
Glenohumeral joint subluxation 3
Rotator cuff tendonitis 3
Acromioclavicular joint pain 2
Shoulder instability 2
Biceps tendinopathy 1
Bursitis 1
Clavicle fracture 1
Contusion 1
Scapula fracture 1

Table 3
List of knee injuries

Knee injury type Count
Patellar-femoral pain 13
Bursitis 5
Medial collateral ligament sprain 5
Anterior cruciate ligament sprain 4
Patellar contusion 4
Lateral collateral ligament sprain 3
Meniscal 3
Patella tendonitis 3
Contusion (location not specified) 1
Degenerative joint disease 1
Patellar dislocation 1
Osgood Schlatters disease 1
Unspecified strain 1
Unspecified pain 1

military epidemiology database [41]. The list of shoul-
der injuries is provided in Table 2 and the list of knee
injuries is provided in Table 3. The database provides
a mechanism by which injury data can be linked to
laboratory testing in order for multivariate risk factor
analysis to be performed. Injury data collection was
performed prior to laboratory testing using the opera-
tional definitions for injury and injury type that were
discussed and defined by experienced clinicians and re-
searchers in our group and were established a priori
to ensure validity and consistency of the data. For pur-
poses of this study, an injury was defined as any chart-

documented history of injury to the shoulder or knee
for which medical advice was sought. The comparison
group of uninjured participants was defined as those
participants without any chart-documented history of
injury to the joint that defined the comparison group to
which they were assigned. Injuries included those that
could be clinically localized to the specific joint.

2.2. Outcome measures

Strength of the shoulder and knee were assessed
with an isokinetic dynamometer (Biodex Medical Sys-
tems, Shirley, NY). Calibration of the isokinetic dy-
namometer was performed according to the specifica-
tions outlined in the manufacturer’s service manual.
Shoulder external and internal rotation was performed
with participant in a seated position with the torso,
waist, and thigh straps in place to reduce accessory mo-
tion and isolate shoulder external and internal rotation
maximum performance. The dynamometer head was
adjusted so that the shoulder was tested in a modified
neutral position of approximately 15 degrees of ab-
duction and 15 degrees of flexion. The axis-of-rotation
of the dynamometer was aligned with the long axis
of the humerus. Range of motion limits were set with
maximum external rotation at a point just inside max-
imum active external rotation, and maximum internal
rotation at a point just before the dynamometer shoul-
der attachment touched the abdomen. Reliability of
the shoulder protocol has been previously established
and has been demonstrated to be excellent [42]. Knee
flexion and extension strength testing was performed
with the participant in a seated position with the torso
straps and thigh strap (for the tested lower extremity)
in place in order to reduce accessory motion and iso-
late knee flexion and extension performance. Range of
motion limits were set for knee flexion and extension
with maximum flexion measured at 90 degrees and
maximum extension measured at zero degrees. Relia-
bility of the knee protocol has been previously estab-
lished and has been demonstrated to be excellent [43].
The shoulder and knee strength testing protocol was
a concentric-concentric reciprocal protocol with five
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Table 4
Knee strength performance

Injured group Side-to-side Healthy group Between group
Injured side Uninjured side comparisons Right side Left side comparisons

Test/variable Mean SD Median Mean SD Median p-value Mean SD Median Mean SD Median p-value
Knee flexion (body weights) 1.26 0.28 1.24 1.30 0.19 1.32 0.212 1.32 0.23 1.28 1.30 0.23 1.28 0.235
Knee extension (body weights) 2.50 0.50 2.54 2.59 0.38 2.55 0.133 2.65 0.43 2.71 2.57 0.46 2.60 0.073

complete repetitions at 60◦/s. Prior to testing the pro-
cedures for strength testing were explained to each par-
ticipant. Each participant performed three practice rep-
etitions at 50% maximum effort and three practice rep-
etitions at 100% effort prior to testing for data analy-
sis. A one-minute rest period was provided between the
practice trials and the actual testing for data analysis.
Testing was performed bilaterally for all participants.
Average peak moment (averaged across the five repe-
titions) normalized to percent body weight was calcu-
lated for each of the four movements (shoulder inter-
nal/external rotation and knee flexion/extension).

3. Statistical analysis

The means and standard deviations were calculated
for each of the strength variables. The normality of the
data was assessed using the Shapiro-Wilk test. Side-
to-side comparisons within each group were examined
utilizing paired t-tests when data were normally dis-
tributed or with a Wilcoxon Sign Ranks test when data
were not normally distributed. Between-group com-
parisons (injured extremity of the injury cohort com-
pared to stronger of the two extremities of the control
group cohort) were examined utilizing independent
samples t-tests when data were normally distributed
or with a Mann-Whitney U test when data were not
normally distributed. Bilateral differences within the
injury cohort were calculated and a total count of
the number of individuals with side-to-side differences
greater than ten percent was determined. Statistical sig-
nificance was set at p < 0.05 a priori. Statistical analy-
ses were conducted using Stata/SE 13.0 (Statcorp, Col-
lege Station, TX).

4. Results

Some data were normally distributed, while some
were not, resulting in the use of both parametric and
non-parametric tests as appropriate and indicated be-
low as well as in the tables. The means, standard de-
viations, and medians for each of the variables for the

unilateral knee injured group and their control group
are presented in Table 4. The average knee flexion
peak moment (PMf) data for the injured group data
was normally distributed so paired t-tests were em-
ployed to compare PMf side-to-side. No significant
side-to-side differences were observed for PMf in the
injured group. The average knee extension peak mo-
ment (PMe) data for the injured group was not nor-
mally distributed so a Wilcoxon matched-pairs signed-
ranks test was employed to compare side-to-side dif-
ferences for PMe in the injured group. No significant
side-to-side differences were observed for PMe in the
injured group. These within group comparisons for the
injured group are presented in Table 4. Eleven of the 46
participants in injured group had a unilateral weakness
exceeding 10% (compared to the uninjured extremity
for PMf) with the same number regarding PMe. How-
ever, out of the eleven, only five of the participants had
a simultaneous flexor and extensor weakness greater
than 10%.

Five individuals had unilateral weakness exceeding
20% for PMf and four had four had unilateral weak-
ness greater than 20% for PMe. Comparisons between
the injured leg of the injured group and the right leg of
the control group (the stronger of the two legs) were
made using an unpaired t-test for PMf and a Mann-
Whitney U test for PMe since PMf was normally dis-
tributed but PMe was not normally distributed. Nei-
ther of these comparisons were significantly different.
These comparisons are presented in Table 4.

The means, standard deviations, and medians for
each of the variables for the unilateral shoulder in-
jured group and their control group are presented in Ta-
ble 5. Average shoulder external rotation peak moment
(PMer) and average shoulder internal rotation peak
moment (PMir) were normally distributed so paired
t-tests were employed to compare side-to-side differ-
ences in the injured group and unpaired t-tests were
employed to compare the injured arm of the injured
group to the right arm (the stronger of the two arms)
for the control group. No significant side-to-side differ-
ences were observed for PMer or PMir in the injured
group. These within group comparisons for the injured
group are presented in Table 5. Twelve of the 55 par-

AU
TH

O
R 

CO
PY



T.C. Sell et al. / Isokinetic strength of fully operational U.S. Navy Seals with a previous history of shoulder and knee injury 353

Table 5
Shoulder strength performance

Injured group Side-to-side Healthy group Between group
Injured side Uninjured side comparisons Right side Left side comparisons

Test/variable Mean SD Median Mean SD Median p-value Mean SD Median Mean SD Median p-value
External rotation (body weights) 0.43 0.09 0.43 0.42 0.08 0.44 0.618 0.47 0.08 0.48 0.43 0.07 0.43 0.003
Internal rotation (body weights) 0.68 0.20 0.67 0.68 0.18 0.66 0.937 0.73 0.16 0.73 0.71 0.17 0.70 0.108

ticipants in injured group had a unilateral weakness
exceeding 10% (compared to the uninjured extremity
for PMer) and likewise eleven had such a weakness
for PMir. Four of the participants had deficits greater
than 10% for both shoulder movements tested. Three
individuals had unilateral weakness exceeding 20% for
PMer and three individuals had similar weakness for
PMir. Comparisons between the injured arm of the in-
jured group and the right arm of the control group
demonstrated significant differences for PMer (control
group stronger) but not PMir. These comparisons are
presented in Table 5.

5. Discussion

Unintentional musculoskeletal injury compromises
functional joint stability. Inadequate rehabilitation and
recovery can reduce the individual operator’s perfor-
mance and tactical readiness. The purpose of this study
was to examine knee and shoulder strength of individ-
uals with a previous history of injury and determine if
deficits in strength persisted despite return to full duty.
We hypothesized that individuals who had suffered a
previous injury would demonstrate significant deficits
in strength at the time of testing. The majority of the
results did not support our hypotheses, which demon-
strates the positive effect that rehabilitation and perfor-
mance teams are having on returning the Operators to
deployment eligibility status. The only result that did
support our hypothesis was shoulder external rotation
strength compared between groups. While the majority
of individuals have successfully rehabilitated based on
these results, these comparisons should be interpreted
cautiously as approximately 20% to 25% of those Op-
erators who did have a previous injury had side-to-
side strength differences that indicated a greater than
ten percent deficit in strength compared to their unin-
jured side. Overall, the results demonstrate the success
of the group’s rehabilitation and performance training
programs, but they also indicate the need for contin-
ued vigilance and testing of individuals with previous
injury to insure that full recovery, at least based on
strength, has occurred.

Unintentional musculoskeletal injury is a significant
concern for military personnel and is a greater con-
cern in U.S. Special Forces [9]. United States Spe-
cial Forces must maintain a high level of readiness
that dictates year round physical training. The ma-
jority of musculoskeletal injuries occur during physi-
cal training so year round physical training results in
a high incidence of unintentional musculoskeletal in-
jury [9,41]. Special Forces Operators suffer a wider
distribution of injuries across multiple joints including
the shoulder, spine, knee, and ankle then general pur-
pose forces [9,41]. The higher incidence and greater
distribution of injuries across multiple joints stresses
rehabilitation and performance training personnel and
demonstrates to continued requirement to identify risk
factors for injury. The identification of risk factors for
musculoskeletal injuries is an ongoing research initia-
tive across many different organizations. A commonly
identified risk factor for future injury is a history of
previous injury [10–17]. Injury compromises tissue in-
tegrity and impairs functional joint stability [22]. A
lack of full recovery from injury can compromise per-
formance and may lead to future injury, which may be
due to persistent deficits in strength and the subsequent
effects on functional joint stability.

The maintenance of functional joint stability in the
presence of destabilizing forces requires a complex in-
teraction between multiple systems [18]. Strength is
one aspect of the dynamic components of joint stabil-
ity, and is frequently studied following injury, surgery,
rehabilitation and return to play. For comparison pur-
poses, the shoulder and knee strength of the injured and
uninjured cohorts in the current study were greater than
infantry soldiers and highly trained athletes (triath-
letes) based on data collection using identical proce-
dures in an independent study [41]. This would indi-
cate that the current group of subjects is also highly
trained. Injuries to the knee and shoulder can compro-
mise functional joint stability characteristics such as
strength and can delay a return to sport and can result
in subsequent or recurrent injury [25–30]. Forty-six in-
dividuals in the current study had a medical chart doc-
umented history of unilateral knee injury. No signifi-
cant differences were observed side-to-side in this co-
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hort and as a group their strength was not significantly
different to the uninjured comparison cohort. In order
to examine the effects of injury on the individual an ex-
amination of subject specific data was also performed.
Overall, 76% of the individuals demonstrated side-to-
side strength that was within 10% of the uninjured knee
leaving 24% of individuals demonstrating continued
deficits greater than 10%, of whom 5 individuals had
deficits greater than 20% bilateral difference for knee
flexion strength and 4 individuals had similar deficits
for knee extension strength. The latter is considered
pathological and requires specific attention [31]. It is
not unusual to see persistent deficits in strength follow-
ing injury. For example, previous injury to the menis-
cus, the hamstrings musculature, and the anterior cru-
ciate ligament (repaired or conservatively managed)
results in persistence strength deficits in a significant
percentage of individuals [35–37]. Stensrud et al. ex-
amined individuals with degenerative meniscal tears
and demonstrated significant side-to-side deficits in
quadriceps strength and with half of the group demon-
strating significant “clinically relevant impairments”
(greater than 10%) [35]. The percentage of individu-
als with deficits in the Stensrud et al. analysis is twice
as high as the current study. Similar results have been
observed following anterior cruciate ligament injury
(ACL) [36]. In a two year follow-up in a cohort of ACL
injured individuals, Grindem et al. demonstrated that
many individuals (23% to 35%) continued to have knee
flexion and extension strength deficits with percent-
ages of individuals with deficits similar to the current
study or higher. O’Sullivan and colleagues assessed
isokinetic strength in a group of Gaelic footballers who
had previously suffered hamstring injuries [37]. The
Gaelic footballers’ previous injured extremity had sig-
nificantly lower hamstrings/quadriceps strength ratios
and weaker hamstrings when matched for limb dom-
inance. The percentage of individuals with strength
deficits greater than ten percent was not reported. The
knee injury cohort in the current study who had a his-
tory of previous knee injury demonstrated as a group
that they do not have bilateral deficits in knee strength
and they do not have strength deficits compared to
an uninjured control group; although, the side-to-side
deficits in the low percentage of individuals should
warrant ongoing attention.

The results of the shoulder injury cohort compari-
son differed slightly from the knee injury cohort. In the
current study no significant difference were observed
side-to-side in the injured group, but a significant dif-
ference was observed between groups for shoulder ex-

ternal rotation strength with the control group being
stronger. The examination of subject specific strength
deficits revealed that approximately 20% of the injured
group had side-to-side differences greater than 10% for
shoulder external rotation strength and internal rota-
tion strength. Furthermore, 6 individuals had strength
deficits greater than 20% [31]. The effect of previ-
ous injury on strength at the shoulder has also been
observed in other groups of individuals with a previ-
ous history of shoulder injury [38–40]. Erol and col-
leagues examined a cohort of individuals who all had
either stage I or stage II subacromial impingement syn-
drome [39]. Overall, isokinetic strength testing showed
no significant strength differences between limbs in the
injured cohort and no significant strength differences
between the injured cohort and a control group. But,
there was a significant side-to-side difference in in-
ternal rotation peak moment compared to the side-to-
side difference in the control group. Meller and col-
leagues also observed strength deficits when they ex-
amined a cohort of participants who had recurrent an-
terior shoulder instability who had undergone a stabi-
lization procedure [40]. There was a significant differ-
ence in external rotation strength between the injured
and uninjured shoulder although five of the 27 par-
ticipants did not demonstrate side-to-side differences.
Edouard and colleagues also examined a group of in-
dividuals with recurrent glenohumeral instability [38].
Edouard and colleagues tested both an injured group
and a control group at multiple velocities. Overall,
they concluded that individuals with recurrent gleno-
humeral shoulder instability had weaker internal and
external rotators although the differences were differ-
ent in magnitude depending on whether the injured ex-
tremity was the dominant or non-dominant limb.

There are some potential limitations to the current
study. The data describing the injuries in the medical
records is limited. In some instances the description
only indicates the major joint involved (knee for exam-
ple) and that a “strain” occurred. A more detailed de-
scription of the injury that included days lost or sur-
gical intervention would have provided greater insight
into the severity of the injury and potential reason for
persistent deficits observed bilaterally for strength.

6. Conclusion

The primary outcome of this study is that as a
group, individuals who have suffered a previous knee
or shoulder injury have returned to strength levels sim-
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ilar to their uninjured side and are similar to an un-
injured control group (with the exception of shoulder
external rotation strength). These group comparisons
demonstrate the effectiveness of the military group’s
rehabilitation and performance training programs, but
continued vigilance and tracking of injured individ-
uals are necessary to insure full recovery and return
to duty as a small number of each injured cohort did
have bilateral strength deficits greater than 10%. There
are potential limitations to the current study including
the type of injury suffered and the severity of injury.
Typically, strength comparisons in injured groups at-
tempt to group similar injuries for comparison. While
the different injury types included in each of the co-
horts may confound the results of the statistical analy-
sis, the ability to screen for potential strength deficits
based on whether a joint is injured regardless of type of
injury adds value to screening capabilities. From a re-
habilitation perspective, if an individual presents with
clinically significant side-to-side differences in mus-
cle strength, then it is clinically important to admin-
ister muscle strength training interventions, regardless
of the exact type of injury that may have preceded
the muscle strength deficit. In summary, medical chart
documented history of injury should be utilized as a
screening factor for ongoing monitoring of strength to
insure that individualized training matches injury reha-
bilitation and prevention requirements.
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