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Foreword

The percentage of women and roles these women occupy in the military
have greatly expanded in the last 10 years. Department of Defense data
from September 2010 indicate that women comprised 14.5% of our ac-
tive duty service members and 17.7% of the Reserve and National Guard
service members. Whether these women are serving during a conflict
or not, they are employed in a wide range of military occupations that
may put them at risk for injuries. This comprehensive monograph by
Drs Springer and Ross addresses the incidence, risk factors, prevention,
diagnosis, evaluation, treatment, and rehabilitation of common musculo-
skeletal overuse and traumatic injuries sustained by women in the military.

The authors emphasize that, anatomically and physiologically,
women are not the same as men; lower extremity biomechanical dif-
ferences between men and women may account for gender differences
in training injury rates. Women have increased pelvic width, forefoot
pronation, heel valgus angulation, pes planus, external tibial torsion,
and femoral anteversion. Additionally, because of the estrogen influence,
women have less lean body mass and greater ligamentous laxity. The
combination of anatomy and physiology appears to predispose women
to a higher risk of pelvic stress fracture and anterior cruciate ligament
(ACL) tears. The diagnosis of pelvic stress fracture has been reported as
1 in 367 female recruits, compared with 1 in 40,000 male recruits, and
rates of ACL ruptures for female athletes range from 2.4 to 9.7 times
higher than in male athletes.
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This monograph is an excellent reference for lower extremity and
back injuries, and contributes significantly to understanding the dif-
ferences between women and men in the rate and distribution of mus-
culoskeletal overuse and traumatic injuries sustained by our military
members. This publication sheds light on the nature of the biomechanical
differences between women and men, and how these differences result in
notable changes in injury patterns that impact the length of healing time
and ultimately impact the readiness of the unit. Drs Springer and Ross
have provided us with an excellent tool for addressing the unique chal-
lenges healthcare providers face in providing the best possible care—both
therapeutic and preventive—to our women military members.

Sonja M. Tromrson, MD, CoroNEL, MC, US Army
Chief of Surgery, Carl R. Darnall Army Medical Center
Fort Hood, Texas
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Introduction

The role of women in the military has increased over the years. A num-
ber of legislative changes led to the expanded role for women in today’s
military. The first major factor was a shift in the mid-1970s from the
military draft to an all-volunteer force, which created opportunities
for women to serve in greater numbers as the services sought to meet
personnel goals. In the early 1990s, Congress lifted the ban on women
flying combat aircraft and serving on combat ships, and during the first
Clinton administration, then Secretary of Defense Les Aspin announced
new rules and policies that opened more military jobs to women. Even
though women are prohibited from serving in direct combat, they are
finding themselves in the thick of battle because of the unpredictable
nature of recent conflicts and the blurred distinction between frontline
and rear areas. Whether they are serving during a conflict or not, women
are employed in a wide range of military occupations that may put them
at risk for injuries. Musculoskeletal injuries can be very detrimental to
military women, especially if they lead to lost work time, outpatient
visits, hospitalization, functional limitations, and/or disabilities.






Epidemiology

Overview of Musculoskeletal Injuries in Military Women

Army women are more likely to be disabled than men and are approxi-
mately 67% more likely than Army men to receive a physical disability
discharge for a musculoskeletal disorder.! The discharge rates for muscu-
loskeletal conditions have been as high as 140 per 10,000 Army women
per year, compared with 81 per 10,000 Army men per year.'

Military women tend to suffer a higher incidence of injuries than
military men. Several studies have identified female gender as a risk
factor for injury in Army basic training programs in the United States
and around the world.>'* For example, one study shows the cumulative
injury incidence in Basic Combat Training (BCT) was 52% for women
versus 26% for men. It was 30% for women versus 24% for men in
Advanced Individual Training (AIT).!"* Other studies showed a similar
incidence for training injuries in BCT populations: approximately 50%
for women and 25% for men.*'%!2 In addition, the proportion of train-
ees discharged from BCT for medical reasons was 12.7% for women,
compared with only 5.2% for men.!® There was even reported gender
differences in the utilization of medical services on a military ship.'
During a 6-month period, females were evaluated at a rate 9.2 times
that of males (6.44 vs 0.70 visits per year). Only 39% of the visits were
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gender-specific, whereas gender-neutral conditions resulted in a female-
to-male visit ratio of nearly 6:1.'*

Lower extremity injuries are the most common in BCT and AIT, and
account for 79% to 88% of new injuries for women.*!>'*Lower extrem-
ity biomechanical differences between men and women may account for
gender differences in training injury rates. Compared with men, women
have increased pelvic width, forefoot pronation, heel valgus angulation,
pes planus, external tibial torsion, and femoral anteversion. Further-
more, women often have a quadriceps angle greater than 15 degrees
and a hypoplastic vastus medialis obliquus.!” There are also significant
differences in physical performance after ages 10 to 12. Women reach
skeletal and physiological maturity before males. They have more
body fat and less lean body mass than males, which are attributed
to increased estrogens in women and increased androgens in males.!®

In the Army, sports and physical training are associated with the
largest proportion of injuries in men and women.! Acute and chronic
musculoskeletal problems associated with injuries are consistently the
leading causes of outpatient visits and hospitalizations in the Army, and
the Army’s rate of such types of hospitalizations is more than twice that of
the Air Force and almost three times that of the Navy.! The third leading
cause of musculoskeletal injury requiring hospitalization in the Army is
physical training, athletics, and sports combined.! On BCT installations,
the incidence of injury is 1.4 to 2.2 times higher than the overall Army
installation average.! Running, in particular, seems to be the primary
physical activity associated with overuse injuries in BCT and AIT" and
in Army occupations.?’ Other possible causes include marching, walk-
ing, drill and ceremony, and jumping.?! Possible causes of injury in the
military include the following:

e initial entry training (BCT and AIT);
e field training exercises;
e motor skills training;
e  physical training
°  running,
o calisthenics,
o marching,
> jumping;
e military training (airborne, air assault, etc);
e specific military occupational specialties; and
e sports, weight lifting, and recreation.



EpiDEMIOLOGY | 5

Common Lower Extremity Overuse Injuries in Military Women

Overuse injury is typically “due to or related to long-term energy ex-
changes resulting in cumulative microtrama.”? Usually, it occurs as a
result of repetitive overload forces on bones, ligaments, tendons, and
muscles, which are unable to successfully adapt to the stresses. Examples
include the following:

e  stress reactions and fractures,

e shin pain,

e patellofemoral syndrome,

e patellar tendinitis or tendinosis,

e iliotibial band (ITB) friction syndrome (ITBFS),
e Achilles tendinitis or tendinosis, and

e low back pain.

Military activities that may contribute to overuse injuries include
running, marching (including road marching), and repetitive jumping.
Approximately 75% of all injuries in BCT can be classified as overuse
injuries.®'® Overuse injuries can also occur once a woman completes her
initial military training and is working in her specialty. In a study of Army
wheel vehicle mechanics, overuse injuries accounted for 68 % of female
injuries (compared with 48% of male injuries).?’ Bone and tendons are
examples of tissues that are often involved in overuse injuries.

Bone

Bone tissue is a very dynamic substance and is constantly remodel-
ing in response to mechanical changes in the environment (eg, muscular
forces, tension, and compression) and nonmechanical factors (eg, pre-
existing physical activity level, drugs, hormones, nutrition, race, gender,
smoking, disease, inflammation, and infection). Normally, the rate of
bone resorption equals the rate of bone regeneration, and the bone
is in a steady state. Stress fractures occur when there is an imbalance
between bone resorption and bone regeneration caused by mechanical,
hormonal, and nutritional factors.?> Normally, bone will adapt to changes
in load frequency and magnitude if the mechanical changes or stresses
are increased gradually over time. However, if the process of a bone’s
adaptation to a new stress shifts out of balance (more resorption occurs
prior to efficient addition of new bone), the possibility of microfracture
or catastrophic failure increases.?> Lower extremity stress fractures in
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military personnel are considered overuse injuries because they result
from bone structural failure caused by repetitive weight-bearing activities,
such as running, walking, and marching. The bone tissue is not able to
regenerate adequately to withstand the magnitude of loading and/or the
frequency associated with these activities.

Tendon

Tendinitis and tendinosis are also common overuse conditions in mili-
tary women. The tendons that are most often vulnerable to tendinopathy
(a collective term that includes both tendinitis and tendinosis) in BCT
include rotator cuff, biceps brachii, patellar, quadriceps, and Achilles
tendons.?! Acute tendinitis is inflammation of a tendon with increased
cellularity and vascular disruption. It primarily involves inflammation of
the outer layer of the tendon: the paratenon. Acute tendinitis is charac-
terized by acute swelling, pain, warmth, local tenderness, and minimal
dysfunction. It occurs when repetitive stresses are applied to the tendon
before the tendon is allowed to fully recover. If left untreated and the
external repetitive forces continue, it can lead to chronic tendinitis, which
is increased tendon degeneration and hypervascularity. It is characterized
by chronic pain, local swelling and tenderness, and increased dysfunc-
tion (eg, decreased loading). If the microtrauma continues even further,
chronic tendinitis can lead to tendinosis. Tendinosis is best described as
intrasubstance degeneration of the tendon, vascular compromise, col-
lagen disorganization and disruption, and focal necrosis. Clinical signs
of tendinosis include palpable tendon enlargement, swelling of adjacent
connective tissues, increasing levels of dysfunction, and swelling of the
tendon sheath.*

Lower Extremity Stress Fractures

Incidence/Risk Factors. Stress fractures, also known as fatigue or
march fractures, are defined as a partial or complete fracture of bone
that results from the repeated application of a stress lower than that re-
quired to fracture the bone in a single loading situation.?*** Described by
Armstrong et al?” (but initially by Breithaupt?® in 1855), it is a commonly
diagnosed overuse injury in athletes and is frequently seen in the physically
active military population. Although it is often suggested that women in
general sustain a disproportionately higher number of stress fractures than
men, the studies that directly compare stress fracture incidence in male
and female athletes show either no difference or only a slightly increased
risk for women.?>*-3* This equitable distribution of injury incidence
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does not hold true for the military population, wherein the risk of stress
fracture in female recruits ranges from 1.2 to 10 times that of men.?335-40
Possible anatomical and physiological risk factors include lower bone
density; differences in gait; more slender bones with lower moments of
inertia; unfavorable biomechanical conditions, including a wide pelvis,
coxa vara, genu valgum, tibia torsion, increased hip external rotation,
and hyperpronation of the subtalar joint; greater percentage of body fat
loading the musculoskeletal system; endocrine factors relating to body
somatotype, amenorrhea, and oligomenorrhea; and lower initial physical
fitness.?>*=* Previous studies of military populations have identified low
levels of aerobic fitness,'>** endocrine dysfunction,**”and white race*
as risk factors among women entering basic training.

Military-Specific Risk Factors. Military boots are designed to pro-
vide good support and minimize ankle sprains, but they lack adequate
shock absorption when compared with running shoes.* Well-designed
footwear may reduce the incidence of lower extremity stress fractures
by reducing excessive shock loading by as much as 33%.* One prospec-
tive study demonstrated a reduction in the incidence of overuse injuries
during military training by adding a neoprene shock-absorbing insole to
the military combat boot.*

It is estimated that 5% to 12% of women undergoing various entry-
level military training programs sustain a stress fracture.’! The lower
extremities are the most common sites of stress fractures and include
the pelvis, femur, tibia, and metatarsals.?”*! Pelvic and femoral stress
fractures, in particular, are more common among women than men in
the military. Femoral and pelvic stress fractures require a more prolonged
rehabilitation period (approximately 4 months, compared with 1 to 2
months for tibial, fibular, or metatarsal stress fractures)*>** and have a
higher frequency of complications, including delayed union, and non-
union, and avascular necrosis.’**

Most military recruits report the onset of symptoms of stress fractures
early in the training cycle, frequently between days 10 and 12, which may
represent structural fatigue produced from repetitive mechanical forces
secondary to the new onset of training.* It has been hypothesized that as
excessive, repetitive, submaximal mechanical forces are placed on bone,
the rate of osteoblastic formation of bone is exceeded by osteoclastic
resorption. This process continues until the stress ultimately exceeds the
limit of the bone and fracture occurs.* Additionally, an abrupt increase
in the duration, intensity, or frequency of physical activity without
adequate periods of rest may lead to an escalation in osteoclastic activity
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and ultimate fracture.’®

Pathophysiology. A progressive decline in the muscular support of
the bone, secondary to muscle fatigue, may lead to the transmission of
excessive forces to the underlying bone. Muscles that are not adapted to
repetitive work, and therefore lack endurance and muscle mass,'* may
be unable to support the long bones of the lower extremity. Muscles
may also contribute to stress injuries by concentrating forces across a
localized area of bone, thus causing mechanical insults that exceed the
stress-bearing capacity of the bone.’”

The aforementioned pathophysiology of stress fractures is a simpli-
fied model; however, other physiological and anatomical factors, such
as those mentioned previously and others that are beyond the scope of
this text, ultimately contribute to the occurrence of a stress fracture. The
endocrine system plays a vital role in bone health. Male and female com-
petitive endurance athletes with abnormally low sex hormone levels are
predisposed to stress fractures.’® The “female athlete triad”—which refers
to the combination of amenorrhea, osteoporosis, and disordered eating—
may predispose a female to stress fractures. In attempts to minimize body
fat to further increase athletic performance, a female may find herself in
an estrogen-deficient state leading eventually to decreased bone mineral
density and increased risk of stress fractures.’® Although not specific to
military women, amenorrhea and oligomenorrhea are common findings
in competitive female distance runners, with the prevalence of menstrual
irregularities as high as 50%.%6%

Diagnosis. The history of a patient with a stress fracture is typically
one of insidious onset of activity-related pain. The pain is generally
well localized and described as a mild ache occurring after exercise.
As time and activity participation continue, the patient may report
more severe pain or pain that occurs at an earlier stage in exercise.
The discomfort may ultimately limit the quality or quantity of physical
activity participation or may require cessation of all activity as pain
increases in duration and intensity. A full history (including exercise
routine, diet, and menstrual pattern) is important in understanding the
patient’s injury and risk factors.

The most obvious finding on physical examination is localized bony
tenderness, which may also be accompanied by periosteal thickening,
redness, and swelling if the stress fracture occurs in a superficial area of
the body.?>*¢ The physical examination should include evaluation of limb
biomechanics to identify potential predisposing factors (eg, leg-length
discrepancy or malalignment, muscle imbalance, weakness, excessive
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subtalar pronation, or lack of flexibility).?**¢ The differential diagnosis
of stress fracture may include nonbony pathology, such as exertional
compartment syndrome, nerve entrapment, muscle strain, bursitis, trac-
tion periostitis, or medial tibial stress syndrome. Bony pathologies that
can mimic stress fracture include infection and neoplasm.

Although a classic history of exercise-associated bone pain and typical
examination findings of localized bony tenderness have a high correlation
with the diagnosis of stress fracture, various imaging techniques are also
available to the clinician for further evaluation.?® Additional diagnostic
imaging studies include radiography (plain X-ray), bone scintigraphy
(bone scan), computerized tomography, and magnetic resonance imag-
ing (MRI).

Radiographs are typically normal for the first 2 to 3 weeks after
the onset of symptoms and may not reveal positive findings, such
as periosteal reaction, cortical lucency, or a fracture line for several
months.’® Therefore, radionuclide imaging (bone scan), which is highly
sensitive for detecting stress injuries,’” may be used to confirm a clini-
cally suspected stress fracture. Acute stress fractures may be depicted as
discrete, localized, linear areas of increased uptake involving one cortex
or extending the width of the bone, which is seen on all three phases of
a technetium-99m diphosphonate bone scan.’”¢° Changes may be seen
as early as 48 to 72 hours after the beginning of symptoms. Other bony
abnormalities, such as periostitis, are only positive on delayed images,®"-*>
and other soft-tissue injuries may only be positive in the angiogram and
blood pool phase.?

Bone scintigraphy is more sensitive than MRI and may be useful in
evaluating suspected lesions in the spine and pelvis, identifying multiple
stress fractures, and distinguishing bipartite bones from stress fractures.*®
Caution should be utilized with technetium bone scanning because,
although this test is sensitive, it is not specific for stress fractures. Addi-
tionally, bone scans should not be used to monitor healing, because the
imaging findings may lag behind clinical resolution of symptoms.

MRI has more specificity than scintigraphy in distinguishing bone
involvement from soft-tissue injuries and may be useful in grading the
stage and therefore predicting the time to recovery for certain stress
fractures.*®® Specific MRI characteristics of stress fractures seen within
3 weeks of the onset of symptoms include (a) new bone formation and
fracture lines appearing as very low-signal medullary bands that are con-
tiguous with the cortex; (b) surrounding marrow hemorrhage and edema
seen as low-signal intensity on T1-weighted images, high-signal intensity
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on T2-weighted images, and short T1 inversion recovery images; and (c)
periosteal edema and hemorrhage appearing as high-signal intensity on
T2-weighted and short T1 inversion recovery images.®** Although more
expensive than scintigraphy, MRI avoids radiation exposure and requires
less time than a three-phase bone scintigraphy.’® Femoral neck stress
fracture will sometimes require MRI to better characterize the nature
of the fracture and determine nonoperative versus surgical (prophylaxic
pinning) treatment.

Computerized tomography may be useful in differentiating a stress
fracture from a stress reaction and in correctly diagnosing those condi-
tions with increased uptake on bone scan that may mimic a stress fracture.
These include osteoid osteoma, osteomyelitis, and other malignancies.?

Fractures that have a propensity for progressing to complete frac-
ture, delayed union, or nonunion are considered high-risk fractures and
should be treated more aggressively.’® Fractures that have been identified
as high risk in the general population include fractures of the femoral
neck (tension side), the patella, the anterior cortex of the tibia, the me-
dial malleolus, the talus, the tarsal navicular, the fifth metatarsal, and
the great toe sesmoids. Tibial stress fractures are common in both men
and women; however, women appear to have more femoral, metatarsal,
and pelvic stress fractures than men.?>?%3 Researchers studying 2,962
women undergoing basic training at the Marine Corps Recruit Depot
found the most common sites of stress fracture (in descending order of
occurrence) to be the tibia, metatarsals, pelvis, and femur.*! Each will be
considered independently.

Pubic Ramus Stress Fractures

Pelvic stress fractures were first described in military recruits in
1937.567° Although relatively rare, representing only 1% to 10% of all
stress fractures, they most commonly affect long distance runners’*7!-74
and fencers.”” In a study of stress fractures occurring in Navy recruits,
the rate of diagnosis of pelvic stress fracture was 1 in 367 female recruits,
compared with 1 in 40,000 male recruits. Stress fractures of the pubic
ramus occur secondary to the chronic pull of the adductor musculature
on the thin pubic rami.®””"”® Theses stress fractures most frequently oc-
cur at the narrowest area of the pubic bone: the isthmus. The isthmus is
the site for the origin of the adductor magnus. It has been hypothesized
that, as the medial fibers of this muscle act with the adductors to flex
the hip and the lateral fibers act with the hamstrings to extend the
hip, a shear stress is created that may ultimately produce a fracture.®’
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Specific etiological factors include tight adductors, leg-length discrepancy,
a crossover running style, and overstriding.”®

Several studies have demonstrated a relationship between shorter fe-
male height and injury rates among military recruits.*'%””’8 Those females
who developed stress fractures of the pelvis tended to be shorter than
average, marched at the rear of their training divisions, and complained
of having to overstride while marching.®® Because shorter soldiers are
traditionally assigned to the rear of marching formations, they need to
overstride to keep pace with their taller colleagues. This increases the
tensile stresses placed on the pubic rami by the adductors and hamstrings,
and predisposes these individuals to stress fractures in this area.®

On physical examination, it may be difficult to distinguish a pubic
ramus stress fracture from an adductor muscle strain. Both diagnoses
may present with pain in the groin, tenderness to palpation at the ramus,
and pain with resisted adduction of the thigh.”® An appropriate clinical
history and radiographic imaging will likely elucidate the diagnosis.

Femoral Neck Stress Fractures

Although uncommon, the clinician should maintain a high index
of suspicion for this particular injury, because there is a high complica-
tion rate if the diagnosis is missed or the patient is improperly treated.”
These fractures are typically from overuse and may develop as the hip
musculature becomes fatigued and loses its protective shock-absorbing
capability.’® Coxa vara and osteopenia may also predispose the femoral
neck to injury.’® These fractures present with anterior groin pain that
increases with weight-bearing and at the extremes of range-of-motion
testing. The pain is often in the distribution of the obturator nerve.”

Compression stress fractures begin at the inferior cortex of the
femoral neck, are more common than tension-sided stress fractures, and
generally heal without complication. Although not necessitating acute
surgical treatment, the patient must be closely followed and should re-
main non-weight-bearing until normal gait without pain. This fracture
may take 3 months to heal to become nonsymptomatic.”® Radiographs
may show healing in 6 to 9 months.

Tension stress fractures, on the other hand, start in the superior
cortex of the femoral neck and have a propensity to propagate perpen-
dicular across the femoral neck. Because this type of fracture may become
displaced, it necessitates aggressive treatment. Complications that may
occur after the fracture displaces include delayed union, nonunion, varus
deformity, and osteonecrosis.’® It is therefore recommended that a patient
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with a tension-sided femoral neck stress fracture be surgically treated
with internal fixation.’®’®80 After surgery, the patient should remain
non-weight-bearing for 6 weeks, followed by an additional 6 weeks of
partial weight-bearing.*®

Tibial Stress Fractures

Tibial stress fractures are very common and may occur at any site
along the shaft of the bone, but are most frequently encountered in the
compression side (posteromedial cortex).’® Compression-sided stress
fractures usually occur in distance runners and respond favorably to ces-
sation of the inciting activity. Athletes who engage in repetitive jumping
and leaping activities may develop a stress fracture on the tension side
(anterior cortex) of the tibia. This less common—often initially more
subtle, yet, ultimately more problematic—stress fracture is predisposed
to nonunion, delayed union, and even complete fracture secondary to its
relative hypovascularity and constant tension from the posterior muscle
forces. The radiographic appearance of this fracture has been referred
to as the “dreaded black line” because of its prolonged healing time.*

Metatarsal Stress Fractures

Metatarsal stress fractures occur most commonly in the distal half
of the second and third metatarsal shafts.’ In a study of 295 military
recruits, it was noted that metatarsal stress fractures characteristically
appeared on the medial aspect.*® The diagnosis is generally straightfor-
ward. A patient may experience localized pain and mild edema over the
involved metatarsal. Some patients have difficulty localizing their pain
and may experience tenderness over adjacent metatarsals. A good way to
identify the metatarsal that has the stress fracture is to elicit tenderness
by dorsiflexing the digits forcibly. This elicits tenderness of the fractured
metatarsal.®?

Stress fractures of the first metatarsal are uncommon, probably be-
cause of its mass and functional ability to transfer load through dorsal
motion.* Military studies have demonstrated that these fractures occur
primarily in the proximal metaphyseal region of the first metatarsal.®

Fifth metatarsal stress fractures are also uncommon because of the in-
dependent range of motion.*> They occur at the proximal diaphysis of the
bone just distal to the tuberosity and the ligamentous structures.*¢ Fifth
metatarsal stress fractures have a propensity for delayed union or non-
union and have a high risk of refracture after nonoperative treatment.’*
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Shin Pain

The outdated “shin splint syndrome” has been a term used for de-
cades. It describes any condition that produces pain and discomfort in
the lower leg, usually because of running, walking, or marching. “Shin
splints” is now considered a vague term, and specific injuries should be
defined by anatomy, specific site of pain, and cause of injury.?' Examples
of common conditions causing shin pain include exercise-induced com-
partment syndrome, medial tibial stress syndrome, or periostitis. Shin
pain is a common complaint in BCT recruits.?! In general, intrinsic risk
factors for shin pain include previous injury, poor conditioning, long
running distances, competitive running, and lack of running experience.®

Chronic Exertional Compartment Syndrome

Chronic exertional compartment syndrome (CECS) is one cause of
shin pain that may affect women as they train and work in military en-
vironments. It differs from acute compartment syndrome, which usually
occurs following trauma and is a surgical emergency. CECS occurs when
physical activity, especially running, leads to increased pressure in the
compartments of the lower leg. This is detrimental to military women,
because if they are unable to pass the mandatory physical fitness test,
they can be separated from the military. Unfortunately, in patients with
chronic compartment syndromes, the average delay in treatment from
the onset of symptoms is 22 months.?

Incidence/Anatomy. Historically, there has been a low incidence of
CECS reported in military medicine and other literature, but it appears
to be more prevalent as healthcare professionals are becoming more
aware of the condition. Turnipseed®® reported that 796 of 843 patients
with symptomatic lower extremity claudication and without obvious
musculotendinous injury or detectable vascular disease were diagnosed
with CECS.

With CECS, anterior lower leg pain is brought on with exercise and
relieved with rest, although symptoms may persist for several hours. The
exact underlying pathophysiology is still not well defined, and there are
conflicting reports in the literature about the impact of ischemia in the
generation of this symptom complex.?> One theory is that the exercise-
limiting pain occurs because of eccentric muscle contractions, which
release proteins within a closed fascial space. These proteins then lead
to increased osmotic pressure in the interstitial fluid of the compart-
ment, which likely impairs venous blood egress®” and reduces capillary
blood perfusion. When blood flow to the muscles is decreased, it can



14 | MUSCULOSKELETAL INJURIES IN MILITARY WOMEN

lead to tissue ischemia and compromised neuromuscular function. Pain
from ischemia and compartment pressure is the primary limiting factor
in functional performance.®” In severe cases, tissue ischemia can lead to
tissue necrosis, converting a transient condition into an acute compart-
ment syndrome that requires an emergency fasciotomy.

The anterior compartment is the most commonly affected compart-
ment, followed by the lateral compartment. In a study of young military
members with CECS, all 42 participants who were recommended for
surgical release had symptomatic anterior compartments.*® The deep
fibular nerve lies in the anterior compartment, and the superficial fibular
nerve is found in the lateral compartment. If the pain-producing activity
continues, these nerves can become compressed because of the increased
pressure in the compartment(s).

Diagnosis. Differential diagnoses include periostitis, fibular or tibial
stress reaction or fracture, medial tibial stress syndrome, tenosynovitis,
tarsal tunnel syndrome, muscle disorders, popliteal artery claudication,
or peripheral nerve entrapment.®” Other less common possibilities include
diabetic peripheral neuropathy, lumbar radiculopathy, spinal stenosis,
peripheral vascular disease, infections, and tumors.**%

CECS may be diagnosed by reproducing symptoms with walking or
running, compartment pressure testing before and after walking or run-
ning, diagnostic imaging, or by utilizing a systematic approach to identify
individuals with the condition, as opposed to those with other conditions
(eg, tibial or fibular stress reaction or periostitis). The intracompart-
ment pressures can be measured using a wick or slit catheter technique,
which are the most popular and reliable methods of assessment.?? With
CECS, elevated resting tissue pressure both before and immediately after
exercise has been reported, along with delayed return-to-normal pres-
sure following exercise.”’”> One of the common criteria used for chronic
compartment syndrome was developed by Pedowitz et al’! and includes
any one of the following: (a) a preexercise pressure greater than 15 mm
Hg; (b) a 1-minute postexercise pressure of greater than 30 mm Hg; and
(¢) a S-minute postexercise pressure in excess of 20 mm Hg. Vath and
colleagues® presented a case series of young athletic military academy
cadets with anterior and lateral leg pain, and suggested it is possible to
differentiate CECS from other ailments of the anterior and lateral leg
using a prospective assessment of the history, clinical findings before
and after treadmill running, and findings from radiographs and MRIs.

Symptoms of CECS include exercise-limiting, moderate-to-severe
leg pain that is described as constant with activity and is tight, diffuse,
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sharp, aching, burning, deep, throbbing, cramping, dull, radiating, and/
or squeezing. It can be unilateral or bilateral. Other symptoms may
include painful stretching; weakness with running causing the foot to
slap; Tinel’s to superficial fibular nerve; tenderness with palpation to
the anterior and/or lateral compartment; decreased sensation to the
leg, dorsum of foot, or first web space; and/or fascial defect(s).”> The
duration of running before onset of symptoms typically varies between
individuals. Symptoms usually resolve within minutes after stopping the
activity, but may persist longer.

Medial Tibial Stress Syndrome

Incidence/Anatomy. Medial tibial stress syndrome is one of the
newer terms for one specific cause of shin pain. As with other previously
described overuse injuries, medial tibial stress syndrome can occur if there
is a training error, such as a significant change in running or marching
distance, surface, intensity, and/or frequency. In a study conducting an-
thropometric measurements of 17 subjects with and 19 subjects without
shin pain, it was found that excessive pronation, excessive velocity of
pronation, and poor heel cord flexibility are correlated with shin splints.
These factors may lead to the development of medial tibial stress syn-
drome because of the increased stress and strain to the medial soleus
during walking, marching, or running.”* The medial soleus inserts into
the medial one third of the calcaneus and acts as a plantar flexor and an
inverter of the ankle. It must work eccentrically to control the calcaneus
during the pronation that occurs following heel strike with normal run-
ning.?? Unconditioned runners are especially at risk. In a military study at
the US Naval Academy (Annapolis, MD), twice as many of the midship-
men who developed shin splints did not participate in physical training
before they began the Academy’s rigorous physical training program in
comparison with their counterparts who did not develop shin splints.”
Women are especially vulnerable and may be at higher risk than males.”®

Diagnosis. Medial tibial stress syndrome usually presents with
moderate increase of radionucleotide activity along the posteromedial
border of the tibia with bone scintigraphy, in contrast to the typical fo-
cal and intense reactions seen with tibial stress fractures.?> Routine plain
radiographs of the tibia are often reported as normal, but there can be
hypertrophy of the posterior tibial cortex from the bone remodeling as
it adapts to increased repetitive stress.”” Tenderness is common along
the posteromedial border of the tibia, usually from approximately 4 cm
proximal to the medial malleolus and extending proximally for a vari-
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able distance up to 12 cm. Michael and Holder®” investigated cadavers
to correlate clinical findings with electromyographic and bone scanning
results to conclude that tenderness directly over the posteromedial border
of the tibia corresponded to the medial origin of the soleus muscle. The
pain from medial tibial stress syndrome usually begins as a dull ache or
soreness and can advance to a sharp, penetrating, and severe pain as
the condition worsens. It can eventually progress to discomfort during
daily activities. In addition, there may be slight swelling and pain with
active-resisted plantar flexion and calf raises.?? This is especially true if
the calf raises are conducted with the knee in slight flexion, putting the
gastrocnemius on slack.

Common Overuse Problems of the Knee
Patellofemoral Syndrome

Incidence/Anatomy. Patellofemoral syndrome (PFS) is often cat-
egorized as anterior knee pain, but the entity is more complex than this.
In general, conditions causing patellofemoral symptoms include patel-
lofemoral pain syndrome, tracking disorders, instability or dislocation,
and chondromalacia.’® Pain is usually in the peripatellar or retropatel-
lar area, and is increased with repeated or prolonged deep knee flexion
that occurs with climbing stairs or sitting for prolonged periods. It is
more common in females and has been associated with various limb
malalignments. These include increased femoral anteversion, external
tibial torsion, foot pronation, an increased Q angle (the angle formed by
intersection of a line drawn from the anterior superior iliac spine to the
center of the patella and from the latter point to the tibial tuberosity),*
and patella alta.”® Additionally, PFS is associated with ligamentous laxity.
Although these anatomical variations are not limited to women, they are
seen more commonly in the female population.”

Diagnosis. The diagnosis is generally made by history and physical
examination alone. As noted previously, patients complain of pain over
the anterior knee or patella (peripatellar or retropatellar). In addition,
patients may report a history of patellar dislocation that required reduc-
tion or was even spontaneously reduced, but this should be differentiated
from “buckling” or giving way. This dislocation may also be associated
with a history of trauma or twisting.'®® This differentiation is important
because these symptoms generally point to patellar instability (sometimes
known as patellar subluxation), as opposed to PFS. The etiology of pain
without instability is more difficult to differentiate.

An understanding of the nature of patellar pain should also be sought.
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Specifically, constant pain that is not activity related may be referred,
as well as radicular pain, sympathetic-mediated pain, or secondary-to-
postoperative neuroma.'?’ Sharp, intermittent pain or associated signs
like catching or locking may be secondary to intraarticular pathology,
such as loose bodies, meniscal tears, or a plica syndrome (inflammation
or thickening of synovial folds). Activity-related pain may be caused by
articular tissue overload secondary to chronic patellar malalignment
or soft-tissue overload without patellar malalignment. Examples of the
latter include patellar or quadriceps tendinitis, fat pad syndrome, ITB
syndrome, or early lateral patellar compression syndrome.!” Inflam-
matory arthritides, myalgias, or generalized deconditioning may also
manifest as anterior knee pain.

lliotibial Band Friction Syndrome

ITBFS is a fairly common cause of lateral knee pain secondary to over-
use in military personnel.!®" It was first reported by Colson and Armour'®
in 1961. It is also seen in long distance runners, weightlifters, downhill
skiers, and cyclists, but there is no known predilection in females.!%3-10
The exact etiology, however, remains somewhat controversial, and the
diagnosis is based almost solely on history and physical examination.
Management is almost always conservative.

Incidence/Anatomy. Depending on the population studied, ITBFS
has been reported in up to 50% of various groups.'’! Renne!® reported
16 cases in 1,000 Officer Candidate School trainees in 1975. In addi-
tion, Linenger et al'’” considered this to be the most common injury in
Marine basic training. Anatomically, the ITB is formed by the coalescence
of the tensor fascia lata, gluteus maximus, and gluteus minimus fascia
proximally; continuing distally as an attachment along the linea aspera
of the femur; and inserting distally on the tibia and patella. It is this distal
attachment that is of particular interest. Specifically, it has two tracts:
(1) the iliopatellar tract that influences deceleration and prevents medial
patellar subluxation; and (2) the iliotibial tract that attaches to Gerdy’s
tubercle and the biceps tendon, and functions as an anterolateral ligament,
providing lateral knee stabilization.'*®!% It is here, between the ITB and
the lateral femoral condyle where the bursa sits, that repetitive friction
can start an inflammatory process. Several authors have even identified
a fluid collection or inflammation deep to the ITB, with ITB thickening
on MRI in patients with clinical symptoms consistent with [TBFS.10-112
However, other authors have considered the area more consistent with
the lateral synovial recess or lateral extension of the joint capsule.''® In
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anatomical dissections, Nemeth'"? found this area to have chronic in-
flammation, hyperplasia, fibrosis, and mucoid degeneration, thus lending
support to the extension of the joint capsule concept. Nonetheless, it still
appears possible that a bursitis could coexist.

Functionally, the ITB is anterior to the lateral femoral condyle when
the hip is flexed. With subsequent knee flexion of 30 degrees or more,
the gluteus maximus contracts and the ITB moves posteriorly. Friction,
however, occurs in the early stance phase!'*! and is increased in some
individuals with repetitious movement. Factors that have been sug-
gested as contributing to ITBFS include excessive mileage, hill training,
abnormal foot mechanics, a tight ITB, genu varum, a prominent lateral
femoral condyle, and leg-length discrepancy.!®-10611117 Training errors
have most commonly been implicated, even after a single severe ses-
sion."® With sudden increases in training distance, improperly fitting or
designed training shoes or constantly running on sloped roads may also
contribute. Nonetheless, some of the proposed etiologies or contribut-
ing factors have never been proven, and most likely the true etiology is
multifactorial.

Diagnosis. As previously described, ITBFS is almost exclusively
diagnosed by history and physical examination. Pain is usually reported
over the lateral femoral condyle, and, consequently, should be differenti-
ated from other common causes of lateral knee pain, such as ligamentous
strain, lateral meniscal tear, patellofemoral instability or maltracking,
osteochondral injury, tendonitis, or simply arthritis.!°%!* Symptoms
frequently increase with running or stairs secondary to excessive knee
flexion with these activities.

On physical examination, knee instability, point tenderness, and
effusion should be evaluated. ITB tightness can be assessed with Ober’s
test,'?* whereas single leg standing may elicit a stinging pain over the
lateral femoral condyle (Renee creak test).!” Direct pressure on the lateral
femoral condyle with the patient in the supine position and the examiner
extending the knee may also elicit discomfort (Noble test).!”

As noted previously, MRI is limited, although a negative MRI may
help to differentiate the clinical symptoms from other etiologies.'-'1?
Occasionally, a fluid collection deep to the ITB or ITB thickening has
been noted. In addition, technetium bone scanning has shown increased
radiotracer uptake over the posterolateral lateral femoral condyle;
nonetheless, this should not routinely be obtained as a diagnostic tool
for this condition.!*!
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Patellar Tendinitis/Tendinosis

Incidence. The patellar tendon is one of the most common sites of
tendinitis occurring in BCT.?' Activities such as marching or running
downhill, jumping off obstacles, performing jumping jacks, or playing
sports can lead to patellar tendinopathy in the military. In the general
population, volleyball and soccer are the most common sports involved
in patellar tendinopathy,'?? and the greatest incidence occurs between
the late teen years into the 30s.?? Patellar tendinitis and tendinosis are
commonly referred to as “jumper’s knee” because repetitive jumping can
lead to tendinopathy. However, other causes of patellar tendinopathy
include those that produce eccentric quadriceps muscle contractions,
such as marching downbhill, descending stairs, or lowering a weight.?!

Diagnosis. Patients will complain of anterior knee pain typically
with eccentric loading of the quadriceps muscle. Acutely, there will be
pain with resisted knee extension and tenderness to palpation over the
distal patellar pole and the proximal portion of the patellar tendon.?
The tendon itself may be edematous and feel “boggy” on examination.??
The patient will most likely be symptomatic during bilateral or single-leg
hop testing.

Common Overuse Problems of the Ankle and Foot
Achilles Tendinitis or Tendinosis

Incidence/Risk Factors. Achilles tendinitis and tendinosis are com-
mon lower extremity overuse conditions occurring in military women.
Achilles injuries can be caused by intrinsic or extrinsic factors, or a com-
bination of both. Intrinsic factors may include aging and degeneration
of the tendon, decreased vascularity, heel-forefoot malalignment, poor
gastrocnemius-soleus flexibility, excessive dorsiflexion range of motion,
and foot hyperpronation. If the Achilles is tight, hyperpronation will be
exaggerated and there will be further stress on the tendon.

Extrinsic factors may include sudden increases in training intensity
or duration, change of running surfaces from soft to hard, inappropriate
or old footwear, and repetitive forces such as marching/running up and
down hilly terrain or performing jumping jacks. These can all lead to
overload of the Achilles tendon, causing acute or chronic tendinitis and
possibly tendinosis because the repetitive forces do not allow full recovery
between applied stresses. There is an area of avascularity in the Achilles
tendon that is located 2 to 6 cm above its insertion into the calcaneus,
and this area is vulnerable to inflammatory changes and degenerative
changes within the tendon. This site is also vulnerable to Achilles tendon



20 | MUSCULOSKELETAL INJURIES IN MILITARY WOMEN

ruptures, especially if repetitive microtrauma to an Achilles tendinopathy
occurs over time, and the tendon is suddenly and aggressively stretched
while simultaneously contracting eccentrically.®”

Women who are not physically fit, who do not have much running
experience in the past, who have weak ankle plantar flexor muscles, or
who have increased dorsiflexion range of motion may be the most vulner-
able for Achilles injuries. Their Achilles tendons may not fully adapt to
the increased functional demands of running, marching, and/or jumping,
and are susceptible to injury. Changes in force demand on tendons may
not allow tenocytes to either repair the initial damage or fully adapt to
the new loading state.'”® Continued training under these conditions can
lead to further tissue damage and progressively greater functional deficits
as the collagen becomes denatured and cross-links break.%”

Diagnosis. Clinical signs and symptoms of Achilles tendinitis and/
or tendinosis include antalgic gait; tenderness, swelling, and/or palpable
nodules in the area 2 to 6 cm proximal to the calcaneal insertion; pain
during heel raises; and painful stretching to the Achilles tendon. If there
is exudation around the tendon—commonly found in the acute stage—
crepitus may be present, and is accentuated by active dorsiflexion and
plantar flexion of the foot.?? In addition, there may be decreased dorsi-
flexion range of motion and/or hyperpronation. Pain is the most common
symptom initially and usually lessens with rest, but can be exacerbated by
climbing stairs. In the subacute stage, pain occurs at the beginning of a
run and becomes worse with sprinting, sometimes forcing the individual
to stop. During the advanced stages, when there is tendinosis or a partial
rupture, running is not possible and pain occurs at rest.??

Posterior Tibialis Tendinitis/Tendinosis

Incidence/Anatomy. The posterior tibialis tendon is the most
anterior structure at the level of the medial malleolus and is located
immediately adjacent to the posterior surface of the malleolus.?? “It is
the main dynamic stabilizer of the hindfoot against valgus (eversion)
forces owing to its multiple insertions.”?? Specifically, the posterior
tibialis muscle works eccentrically to provide control of subtalar joint
motion during walking, marching, and running. If there is abnormal
subtalar joint pronation, there will be increased posterior tibialis muscle
activity, which can increase the risk of overuse injury (eg, tendinitis/
tendinosis). Running on a crowned road is an example of an extrinsic
cause of excessive pronation.

Posterior tibial tendon disruptions can occur if there is a long history
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of posterior tibialis tendinosis/tenosynovitis, especially in women over
age 40. The classic clinical signs of a posterior tibial tendon are hindfoot
valgus, adduction of the forefoot, a positive single heel rise test (calcaneus
does not invert), a severe navicular drop sign, a “too-many-toes” sign
(as viewed from behind), and weakness of the tendon.?

Diagnosis. Those suffering from posterior tibialis tendinitis/tendino-
sis may feel pain at the medial posterior ankle, especially if they must run
or perform any activity requiring a strong pushoff action. This condition
can be caused by pes planus/hyperpronation; weakness or poor endur-
ance of the posterior tibialis muscle; tight gastrocnemius-soleus complex;
and/or stiffness in the tibiotalar, talonavicular, and calcaneocuboid joints.
Posterior tibialis tendinitis or tendinosis is usually characterized by ten-
derness and/or swelling to the distal tendon proximal to the navicular
tuberosity. There may be tenderness on the navicular tuberosity and/or
posterior to the medial malleolus, along with crepitus over the tendon
on active movement. Pain also occurs with resisted ankle plantarflexion
and inversion. The primary differential diagnosis to consider is tarsal
tunnel syndrome.

Plantar Fasciitis

Incidence. Plantar fasciitis is another common lower extremity
overuse injury occurring in military women. It may be associated with
wearing boots in BCT, but no evidence exists to demonstrate this as a
true risk factor.?! There has been research and much discussion about
the relationship of calcaneal heel spurs and subcalcaneal pain, but this
relationship has not been definitely established.??

The foot’s windlass mechanism as described by Hicks'** occurs when
the arch is raised and supported with dorsiflexion of the toes, provid-
ing more stability to the foot. Those with pes planus (hyperpronation)
or pes cavus appear to be more vulnerable to plantar fasciitis, perhaps
because both foot types place extra stress on the plantar fascia.®” A pes
planus foot will place increased pull on the origin of the plantar fascia
at the calcaneus because the windlass mechanism will be under increased
strain while maintaining a stable arch during the pushoff phase of gait.?
A pes cavus foot will cause excessive strain at the heel insertion because
the rearfoot is unable to adequately evert to absorb the shock and adapt
itself to the ground.?

Diagnosis. Plantar fasciitis begins as insidious onset of pain that
originates in the plantar heel and is usually worse in the morning right
after getting out of bed. There is tenderness with palpation over the
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medial calcaneal tubercle, occasional swelling over the plantar medial
aspect of the heel, and possible antalgic gait.” Occasionally, the medial
calcaneal nerve is inflamed and entrapped, and will cause paresthesias
or pain in the area.

Common Traumatic Injuries in Military Women

Traumatic injuries are typically “due to sudden energy exchanges result-
ing in abrupt overload with tissue trauma.”?’ In a study of Army wheel
vehicle mechanics, traumatic injuries accounted for 32% of female
injuries, compared with 49% of male injuries.?’ This generally agrees
with a previous study looking at traumatic injuries at Ft Lewis, WA,
wherein military men were 1.2 times more likely to be injured than wom-
en.'” However, women still experience traumatic injuries. Examples of
traumatic injuries in military women include anterior cruciate ligament
(ACL) tears, ankle sprains, acetabular labral tears, lumbar strains, and
sacroiliac joint (SIJ) dysfunctions.

ACL Ruptures

Incidence/Anatomy. ACL is the primary restraint to anterior shear
and internal rotation of the tibia on the femur. It is the most frequently
ruptured knee ligament, especially among female athletes, where the rates
of ACL ruptures for female athletes range from 2.4 to 9.7 times higher
than in male athletes.'?® Seventy percent of ACL injuries are noncontact
and typically occur during deceleration, pivoting, landing, or responding
to a perturbation.'?”

Risk Factors. A retreat was conducted in Lexington, KY, in 2003
where more than 50 physicians, physical therapists, athletic trainers, and
scientists from around the world—specializing in the areas of biomechan-
ics, motor control, and neuromuscular function—attended to formulate
a consensus statement focusing on the gender bias in ACL injuries.'?
The consensus statement includes information that is both known and
still unknown regarding structural, neuromuscular, biomechanical, and
hormonal factors, along with interventions.!?8

According to the consensus statement, known structural factors in-
clude the following: (@) females have wider pelvis-to-femoral length ratios
that can contribute to genu valgum; (b) females have larger Q angles;
(c) “the size and shape of the notch may contribute to stenosis and ACL
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impingement and injury”; (d) “the combination of knee abduction (val-
gus) and external rotation positions contribute to ACL impingement in
vitro, especially in the presence of a narrow notch—these motions have
been shown to be greater in females, compared to males during athletic
activity”; and (e) “females have greater laxity and greater active hip
rotation range of motion compared to males.”!2$

Known neuromuscular factors include the following: (a) females ac-
tivate muscles earlier than males in anticipation of landing; () increases
in knee joint loading during movements linked to noncontact ACL injury
can be caused by variability in neuromuscular control parameters at im-
pact; (c) females rely more on quadriceps to stabilize the knee; (d) females
have reduced muscle stiffness when trying to control knee motion; (e)
females take longer to produce quadriceps and hamstring muscle tension
with reflex activation after fatiguing exercise with isokinetic testing; and
(f) females demonstrate lower muscular endurance, which can increase
risk of injury.'?®

Known biomechanical factors include the following: (a) mechanisms
for noncontact ACL injuries include deceleration with the knee in an
extended position, landing from a jump, and sidestep cut maneuvers;
(b) females have more knee valgus during sidestep cutting and more
knee extension at initial contact; (¢) “compared to running, frontal-
and transverse-plane movements are greater during anticipated sidecut
maneuvers to 30 degrees and 60 degrees and crossover cutting—in ad-
dition, these moments were increased when the tasks were performed
under unanticipated conditions”; (d) females exhibit less knee flexion
and increased hip and knee internal rotation during single-leg landing
and forward-hopping; and (e) females have greater knee extension and
valgus moments during landing phases of jump stop tasks, which are
associated with increased ACL strains.'?

Known hormonal factors include the following: (a) self-report of
menstrual phase is not accurate; (b) in rats, there is no change in ultimate
failure load of the ACL throughout the estrous cycle; (c) physical perfor-
mance may be influenced by hormone-dependent changes throughout the
menstrual cycle; (d) in ovariectomized rabbits, supraphysiological levels
of estradiol decrease the load-to-failure; (e) individual variations in sex
hormone concentration is associated with changes in low-load viscoelastic
properties of the tibiofemoral joint; and (f) during pre- and postexercise,
there are differences in knee joint laxity between genders, but there is a
similar increase in knee joint laxity postexercise.'?®
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Lateral Ankle Sprains

Incidence. The most common sprain in BCT and AIT is the lateral
ankle sprain.?! Another study demonstrated that, among female Ma-
rine recruits, the most commonly reported injuries were PFS (10.0%
of subjects), ankle sprains (9.1%), and ITB syndrome (5.8%).!?° Ankle
sprains are also prevalent in young athletic populations, such as in mili-
tary academies. Jackson et al'** reported that 33% of the cadets at the
US Military Academy sustained an ankle sprain during their 4 years of
schooling. At the same institution, Gerber et al'*! evaluated all cadets
presenting with ankle injuries during a 2-month period and noted that,
of the 104 ankle injuries (which accounted for 23% of all injuries seen),
there were 96 sprains. Seventy-nine percent of the sprains were lateral
ankle sprains.'! Similarly, others have reported that 85% of all athletic-
related ankle injuries are lateral ankle sprains.®”

Common causes of lateral ankle sprains in a military environment
include running or marching in formation, parachuting, participating in
physical training and sports, and training on obstacle courses. March-
ing or running in formation is a high-risk factor, especially if performed
in the middle of the formation when obstacles are not always seen or
anticipated, on uneven terrain, or in poorly lit circumstances.

Parachuting is another high-risk activity for ankle sprains in the
military. Twenty-six percent to 41% of airborne operations injuries
involve the ankle,20-132-133

Sports are a common form of military physical training and team
morale building. US Military Academy cadets participate in extensive
physical fitness and competitive sports on a regular basis. Sports such
as soccer, basketball, and football that require jumping and cutting are
frequently the cause of lateral ankle sprains. Throughout the year, cadets
engage in basketball, rugby, running, and many other athletic activi-
ties. In the fall season, more than 600 cadets play either intramural or
intercollegiate tackle football, and a similar number participate in soc-
cer, offering numerous opportunities for ankle sprains.'3! Studies in the
civilian athletic population demonstrate that women have a higher risk
of sustaining ankle sprains than men in some sports. In a prospective
study evaluating the relative risk of ankle injuries in scholastic and col-
legiate basketball players, 11,780 athletes (4,940 females) participated.
Overall, females had a 25% greater risk of sustaining a grade I ankle
sprain compared with the men.!

Mechanism of Injury/Diagnosis. The lateral ankle is sprained more
frequently than the medial ankle because of the anatomy and mechanism
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of injury. Plantar flexion and subtalar inversion will cause a lateral ankle
sprain if too much of the body’s weight is rolled over the ankle. The num-
ber of ligaments involved and severity of the injury will depend on the
amount of stress applied and the position of the talus. Sprains are graded
based on the magnitude of the tear and the subsequent joint instability:

e grade I: a small disruption to the ligament without any joint instabil-
ity or opening of the joint during a stress maneuver—it is character-
ized by microfailure of collagen fibers within the ligament?!;

®  grade II: a partial tear with some instability and partial opening of
the joint during a stress maneuver; and

e grade III: a complete ligament tear with full joint opening during a
stress test.

The anterior talofibular ligament is the most commonly injured liga-
ment, but the calcaneofibular ligament and then the posterior talofibular
ligaments can be damaged if the ankle remains inverted while it moves
from plantar flexion toward more and more dorsiflexion.®” An important
differential diagnosis to consider would be a syndesmotic injury (high
ankle sprain) or a Lisfranc injury, which will require considerably dif-
ferent management.

Acetabular Labral Tears

Incidence/Anatomy. Acetabular labral tears are becoming more
recognized as a source of anterior hip or groin pain, especially with re-
cent advances in magnetic resonance arthrograms and hip arthroscopy
techniques. Females suffer from acetabular labral tears more often than
males.'3-1%0 The acetabular labrum is a fibrocartilage and dense connec-
tive tissue ring attached to the bony rim of the acetabulum. It is thought
to aid in the stability of the hip joint by deepening the hip joint and re-
ducing contact stress by increasing the contact area and distributing the
load.™! A tear of the acetabular labrum is believed to result from excessive
forces at the hip joint,'** such as slipping, falling, excessive hip external
rotation and/or hyperabduction, running, or twisting. Specific sports/
recreational activities that may place excessive forces at the hip include
soccer, hockey, golf, and ballet.!*! Researchers have demonstrated that
22% of athletes with groin pain have hip labral pathology.'* Although
these particular activities and movements are thought to cause labral
tears, up to 74.1% with mechanical hip symptoms are not associated
with a specific event or cause,!>140:143
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Mechanisms of Injury/Diagnosis. Acetabular labral tears occur in
a military population and can be the cause of groin and/or lateral hip
pain, catching, clicking, popping, snapping, and/or clunking. In a military
tertiary medical center, 21 participants aged 18 to 47 (mean 31.4 = 8.1
years) were enrolled in a prospective study evaluating clinical assessment,
magnetic resonance arthrograms, arthroscopic treatment, and the clinical
outcomes of symptomatic acetabular labral tears.'* Mechanisms of injury
included idiopathic injury, fall from heights, childbirth, and pivoting or
twisting. A traumatic mechanism of injury was identified in 33% of the
patients. A twisting injury was identified in 14% of the patients, with
the remaining 53 % reporting an insidious onset. Most patients reported
pain in more than one location around their hip. Mechanical symptoms
occurred in 86% of the patients. The average loss of motion of the af-
fected hip was as follows: 12 degrees of abduction, 9 degrees of external
rotation, 8 degrees of flexion, 4 degrees of adduction, and 3 degrees of
both extension and internal rotation loss. Common physical examination
findings include pain with resisted straight-leg raise (especially when the

FIGURE 1. Resisted straight leg raise in external rotation.
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FIGURE 2. Internal rotation load grind.

hip is externally rotated) (Figure 1), pain and/or popping with internal
rotation load and grind (Figure 2), and positive tests as described by
Fitzgerald'?” and McCarthy et al.’®® A positive McCarthy sign (also
known as the Thomas sign) is when both hips are fully flexed, then pain
is reproduced by extending the affected hip, first in external rotation and
then in internal rotation (Figures 3-5). The Fitzgerald test is a two-part
test described by Fitzgerald.'” To check for anterior labral tears: bring the
hip into full flexion, external rotation, and full abduction; then extend
with internal rotation and adduction (Figures 6 and 7). To check for
posterior labral tears: move the hip into extension with abduction and
external rotation from the fully flexed, adducted, and internal position (to
check for posterior labral tears) (Figures 8 and 9). These are considered
positive if sharp pain is reproduced with or without an associated click.

Back Injuries

Military women suffer from back problems throughout their military
careers. Examples of common conditions include lumbosacral strain,
intervertebral disc syndrome, and SIJ dysfunction.
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FiGure 3. McCarthy sign in starting position.

FiGURE 4. McCarthy sign going into external rotation.
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FIGURE 5. McCarthy sign going into internal rotation.

Lumbosacral Strain and Intervertebral Disc Syndrome
Acute overuse strains are the most common causes of low back
pain during BCT or AIT.?! However, chronic back conditions are also
problematic and can be reason for disability compensation after military
service. Orthopaedic conditions of the spine and knee are associated
with the highest percentages of total disability cases.! A study analyzed
41,750 disability cases using the US Army Physical Disability Agency
(USAPDA) database (data included from 1990 to 1994) to determine
the following: (a) the prevalence of work-related musculoskeletal dis-
ability, (b) if certain occupations were associated with a greater risk of
occupational back disability (OBD), and (c) if certain occupations were
associated with greater risk of OBD in women.'* Results showed that,
among US Army personnel, lumbosacral strain and intervertebral disc
syndrome were the most prevalent diagnoses for back disability cases
(67% of all back-related diagnoses and more than 13% of all physical
disability diagnoses).!** Women experienced higher rates of all physical
and musculoskeletal disabilities when compared with men.!** The top
five MOSs associated with the highest female OBD (and in which females
experience substantially higher relative risk of OBD than males in the
same jobs) were the following: (1) multichannel transmission systems
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FIGURE 6. Fitzgerald test for anterior labral tears—beginning.
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FIGURE 7. Fitzgerald test for anterior labral tears—near end.
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FIGURE 8. Fitzgerald test for posterior labral tears—beginning.

FIGURE 9. Fitzgerald test for posterior labral tears—near end.
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operator, (2) single-channel radio operator, (3) wheeled-vehicle mechanic,
(4) signal intelligence analyst, and (5) voice interceptor.'** These jobs tend
to be moderately or very physically demanding and require awkward
positions: lifting and carrying heavy equipment, bending and twisting,
pushing and pulling, and repetitive strain. It is possible that some low
back disability cases were a consequence of early training injuries.'*
Specifically, in Army wheeled-vehicle mechanics, 10% of the injuries
were in the lower back for women.?

An additional study used the same database to specifically determine
(a) the prevalence of work-related back disability diagnoses; (b) specific
jobs associated with greater risk of back disability; and (c¢) association
among gender, job type, and disability.!* The specific jobs that were
identified in which females sustained higher rates of back disability than
males include unit-level, wheeled-vehicle mechanic; single-channel radio
operator; multichannel transmission systems operator; interrogator/
translator; and practical nurse.'* These findings are very similar to the
previous results.'#*

Sacroiliac Joint Conditions

Incidence. SIJ conditions are challenging and affect 10% to 25% of
patients with low back pain.'*¢'*° Furthermore, 20% to 80% of pregnant
women experience low back pain or pelvic pain that often comes from
the SIJ.1*-153 Women aged 15 to 40 years appear to be most vulnerable.
This is possibly because of hormonal factors and subsequent increased
mobility. Military women are susceptible to SIJ dysfunction not only
because of the increased prevalence during pregnancy, but also because
of the nature of the training and jobs. SIJ dysfunction is associated with a
history of minor direct trauma, such as falling on the buttocks or pushing
a heavy object.'*”1** Military activities that are potential contributors to
SIJ dysfunction include jumping off vehicles or obstacles, landing hard
on one leg, stepping into a pothole, climbing, falling on buttocks, lifting
and twisting, pushing, marching or running with leg-length discrepan-
cies, or performing activities requiring single-leg stance (eg, on obstacle
courses).

Diagnosis. Patients with SIJ dysfunction usually present with a pain
referral pattern that includes an area extending 10 cm caudally and 3
cm laterally from the posterior superior iliac spine.!*® It does not extend
above the L5 level. SIJ pain is often aggravated by running, climbing
stairs, getting out of a car, or any activities that require asymmetrical
loading (eg, golfing).'*’ The pain can also radiate into the buttocks, groin,
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and lower limb because there are various sources and levels of innerva-
tion ranging from L2 to S2, and the diagnosis may be complicated by
discogenic pain or facet joint arthritis.'* Differential diagnoses include
ankylosing spondylitis, Reiter’s syndrome, psoriatic spondylitis, infection,
tumor, metabolic disorders, degenerative disease, iatrogenic conditions,
and referred pain.'¥

Physical examination and clinical tests for SIJ dysfunction include
examining the hips, spine, and pelvis. Typically, the physical examina-
tion and history are enough to diagnose SIJ dysfunction; but, if physical
examination is inconclusive, the next step in diagnosis is often plain
radiographs. If that is negative, then a bone scan can identify areas of
increased activity in the bone. This is a nonspecific test and can be positive
in cases of arthritis, infection, and fracture or tumors of the bone. Point
tenderness over the sacral sulcus is one of the most consistent physical
findings in those with SIJ dysfunction.'® Other clinical tests include
static and movement symmetry tests, and pain provocation tests. How-
ever, many of the symmetry tests have variable reliability.!*>'*¢ The pain

FiGure 10. Gaenslen test.
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FiGure 11. FABER test (flexion abduction and external rotation).

FIGURE 12. POSH test (posterior shear).
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provocation tests are the most reliable. The Gaenslen, FABER (flexion
abduction and external rotation), and POSH (posterior shear) tests are
the most reliable techniques, with an acceptable clinical reliability of
greater than 80%.15517 The Gaenslen test is performed with the patient
supine on the table, and one hip is maximally flexed while the other is
maximally extended simultaneously to stress both SIJs (Figure 10). The
FABER test starts with the patient supine and hip in flexion, abduction,
and external rotation with the lateral ankle on the knee. Overpressure
is applied to the medial knee while stabilizing the opposite side of the
pelvis (Figure 11). The POSH test is performed with the patient supine
and the hip to 90 degrees of flexion and in slight adduction, and axial
pressure is applied along the femur (Figure 12). Only the POSH test has
acceptable validity with sensitivity and specificity greater than 80 %5815
Because there is limited reliability and validity of individual clinical SIJ
tests, clusters/combinations of SIJ tests have been studied and shown to
be more sensitive and specific.!3%10






Prevention, Treatment, and
Rehabilitation

Overview of General Injury Prevention, Treatment, and
Rehabilitation Techniques in the Military

Extrinsic Risk Factors

Prevention and/or rehabilitation of musculoskeletal injuries in mili-
tary women will depend on the cause: whether it’s extrinsic, intrinsic, or
a combination. Extrinsic risk factors are external, or environmental, and
may include training variables and running surfaces. Extrinsic factors in
BCT have been identified and include “high running mileage, training
company, older running shoes, and the summer season.”?! The training
company is a risk probably because there are variations in the physical
training intensities.'” Higher temperatures may be associated with a higher
overall rate of injury in the summer.!

Intrinsic Risk Factors

Intrinsic risk factors are personal characteristics and may include
variables such as age, height, weight, gender, and physical fitness. Intrin-
sic “risk factors in BCT include female gender, high foot arches, knee
Q angle > 15 degrees, genu valgus, past ankle sprains, low aerobic fit-
ness, low muscular endurance, high and low extremes of flexibility, low
levels of physical activity prior to BCT, cigarette smoking prior to BCT,
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and older age.”?! The strongest evidence (supported with five or more
studies) suggests that female gender, low aerobic fitness, high and low
extremes of flexibility, low levels of physical activity prior to BCT, and
cigarette smoking prior to BCT are risk factors.! Risk factors specifically
for female medics in AIT include “higher body weight, older age, and a
break in training between BCT and AIT (approximately 9 months).”?!
Psychosocial factors such as job/assignment and life satisfaction, espe-
cially in the cases of low back pain, should also be considered'* because
they are important predictors for soldiers discharged from the US Army
with disability related to occupational low back pain.!

General Prevention Strategies

Once the risks are identified, prevention and intervention strategies
need to be applied. Unit commanders, noncommissioned officers re-
sponsible for unit physical training, unit master fitness trainers, medical
officers, medical treatment facility commanders, subject matter experts
(physical therapists, dieticians, etc), preventive medicine officers, and
service members all need to be involved. Technical Bulletin Medical
592 (“Prevention, Control, and Management of Musculoskeletal Injury
Associated with Army Physical Training”) is an excellent source of in-
formation.!

Most of the injury prevention interventions in BCT and AIT that
have been studied concentrate on physical training program modifica-
tions. High running mileage has been identified as an injury risk factor,
and an effective intervention for prevention or reduction of injuries in
BCT is to decrease the amount of running mileage.?! Targeted reductions
in running mileage can reduce injury risk without significantly affecting
aerobic fitness improvements.'®16!

It is also important to conduct a fitness program with a large variety
of physical training exercises that follow the principle of gradual and
progressive exercise stress (overloading) to increase aerobic fitness, muscle
strength and endurance, power, and neuromuscular conditioning (ie,
proprioceptive skill development). Proper conditioning is as important
for women as it is for men. Lower fitness levels are associated with higher
injury rates in BCT.**° Because of the risk factor, standards for fitness
were established. Beginning in 1999, new female recruits reporting to BCT
must be able to meet the minimum standard of three pushup repetitions,
17 situp repetitions, and a 10.5-minute or less 1-mile run before they even
leave for BCT.?! Increasing physical fitness in general will help prevent
many overuse and traumatic injuries in military women. It should be done
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gradually, avoiding excessive running distances and frequency.

Progressive overload strengthening exercises of many of the lower
extremity muscles (eg, the gastrocnemius, soleus, posterior tibialis, an-
terior tibialis, quadriceps, hamstrings, and gluteus medius) should be
performed early and regularly in BCT and AIT. These exercises can help
prevent overuse injuries by preparing these muscles for better adaptation
to the demands placed on them. Specifically, the chronic use of eccentric
contractions can lead to protective adaptations, such as increased muscle-
tendon stiffness.!®

As previously described, commanders should be strongly involved in
injury prevention. They should maintain an emphasis on injury control
education, recommend that trainees meet minimal physical fitness goals,
and obtain new running shoes before starting BCT. Physical training and
marching should be conducted in accordance with Field Manual 21-20
(“Physical Fitness Training”), Army Regulation 350-1 (“Army Training
and Education”), and Field Manual 21-18 (“Foot Marches”).

Running Shoes

“Shoes worn during physical training may be the most important
equipment related to prevention.”! Without appropriate supportive
shoes specifically designed for running, women are at an increased risk
for overuse injuries in the foot, ankle, shin, knee, hip, and back. There
is no one running shoe that is perfect for everyone, but many experts
have tips for purchasing an appropriate shoe. Running shoes should be
comfortable, not old; have a strong and deep heel counter with an Achil-
les tendon relief; have a strong midsole (should not be able to bend the
shoe in half); have a flexible toe box (should be able to flex under the
ball of the foot); have a wide toe box; and have adequate cushioning in
the heel. For a good fit, there should be a thumbnail’s length between
the big toe and the end of the shoe to allow for swelling and expansion
during running. There should be plenty of room in the toe box, but no
excess room in the heel. The age and condition of the shoes are also
important. Shoes should only be worn for running (not daily outings or
playing tennis) and changed after reaching approximately 500 miles or
every 12 months (if running 3 miles/day at least 3 times/week).

Runners should buy running shoes that are appropriate for their
foot types. For example, those runners with high arches (pes cavus or
oversupination) will have “stiff feet” that prevent the normal pronation
biomechanics that are important in shock absorption (Figure 13). This
type of foot does not adapt well to the ground during running, and more
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FIGURE 13. Pes cavus.

stress and forces are translated to the bones, muscles, and tendons. These
individuals should buy shoes with extra cushioning and a curved last.
They should not buy shoes designed for motion control, because they
need to be able to pronate during the stance phase of gait.

The majority of runners, however, need shoes with at least some
motion control, because they have a predisposition toward pes planus
or hyperpronation (Figure 14). This leads to excessive foot movement,
and those individuals do better with a more stable and firm midsole and
a straight last. The heavier the runner, the firmer the midsole should be.
The heel counter should also be rigid to reduce excess rearfoot motion.

Those runners with normal arches can wear shoes designed for the
neutral foot, typically called “stability” shoes. Shoe manufacturers rec-
ommend stability shoes for runners with neutral feet. During running,
normal feet will hit the ground in supination at heel strike (80% of run-
ners are heel strikers) and then roll into pronation as the foot continues
to come in contact with the ground during the stance phase. The foot
then supinates just prior to leaving the ground at toe off.

The “wet test” is a basic, easy tool to teach runners about their foot
types before they buy running shoes (Exhibit 1).'6%
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FIGURE 14. Pes planus.

Multiple Intervention Programs

A few suggestions—such as training modifications, strengthening, con-
ditioning, and running shoe selection—have been provided to aid in overall
prevention of musculoskeletal injuries in military women. A combination
of interventions will most likely be the best course of action to help reduce
the incidence of injury. Combining suggested interventions may have a
synergistic effect.! Researchers conducted a retrospective historical cohort
study that reported injury rates following Australian recruit training. When
compared with a preintervention group, injury rates for the postintervention
group decreased 46% for men and 35% for women. The injury prevention
program included cross-training (running in water), reduction of formation
running distance and run test distance, interval training, controlling foot
marching speed and load, and preventing running during foot marches.!¢3

Use of multiple intervention programs have also been studied in US
Army BCT and AIT, with success in reducing injuries without compro-
mising physical fitness.”%1¢41¢ Examples of the interventions from these
studies include reducing running mileage, having no preexercise stretch-
ing, providing a wide variety of exercises using a progressive overload
principle for strengthening, including interval training and movement
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Exrigir 1. Selecting the Right Running Shoe

The “wet test” is an easy way to educate patients about foot type. Patients step on a dry surface with
a wet foot. Then, they look at the shape of their footprint and compare it to these pictures. Once they
determine their foot type, they will be able to buy the type of shoe they require.

|

Flat Foot Normal Foot “High Arch” Foot
(over pronator) requires Stability Shoe (over supinator)
requires Motion Control Shoe requires Cushioned Shoe

drills, and educating the cadre on injury prevention. These interventional
studies demonstrated that control group women ranged from 1.4 to 1.6
times more likely to be injured than the experimental group women who
participated in the injury prevention program. The male control groups
ranged from 1.5 to 1.6 times higher risk of injury compared with men
in the experimental groups.
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A new physical training program for all US Army BCT units was im-
plemented in April 2004, and involves gradual and progressive overload,
reduced running mileage, no preexercise stretch, and a greater variety of
exercises. It is called the TRADOC Standardized Physical Training Pro-
gram. Although it has not yet been fully analyzed, a preliminary analysis
of injury rates (from 2003 to 2004) demonstrates an approximately 23 %
reduction across all BCT posts.?! The TRADOC Standardized Physical
Training Guides for BCT and AIT can be found online at http://www.
benning.army.mil/usapfs/Dotrine/. Specific recommendations for physical
training and injury prevention from this guide' include the following:

e Deemphasize distance running.

o

o

o

Use ability groups and interval training.

Do not run for physical training on consecutive days.
Treat foot marches more than 3 km as if they were running
activities.

Strictly enforce heat injury prevention work/rest ratios.
Do not exceed 235 miles for total amount of running during
BCT for trainees with average and below average fitness.
Use a standardized, gradual, systematic progression of run-
ning in BCT and AIT.

Rebuild fitness gradually for trainees who miss more than
1 week of physical training.

e Balance the program to prevent overtraining.

o

Do not overemphasize physical training as preparation for
the fitness test.

Balance cardiovascular endurance with strength, mobility,
and agility.

Count near-max or exhaustive military training as the
equivalent of a heavy physical training session.

Consider the number of miles logged by units who must foot
march great distances to and from training sites.

Perform low-intensity, task-specific, dynamic warm-up
activities prior to more intense training in preference to
stretching exercises.

Discourage formation running and cadence calls while run-
ning. (This is because people do not all run at the same pace
and stride length. Women who are shorter end up taking
longer strides, thus causing hip problems, such as stress
reactions/fractures to the pubic rami.)
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o Eliminate remedial physical training programs that involve extra
long training or more than one exercise session per day.

o Allow adequate recovery; running and strenuous foot march-
ing should not occur more than three (nonconsecutive) times/
week.

o Remember that the psychological and motivational aspects of
overtraining can lead to attrition in BCT and AIT.

o Do not use physical training as a punitive, corrective, or disci-
plinary tool.

¢ Ensure command responsibility for injuries, as well as for physical
performance.

o Note that commanders should assume responsibility for physical
training outcomes.

o Place more emphasis on the percentage of trainees passing the
fitness test rather than the highest average unit score.

o Use unit injury rates as a barometer of physical training program
success or failure.

o Emphasize that if average unit fitness scores are used, “zero”
scores for those who cannot take the fitness test because of an
injury profile should be included in the score.

o Note that commanders should monitor injuries and perfor-
mance, and report findings to higher headquarters.

o Consider unit fitness test pass rates and injury rates when rating

officers and NCOs.

General Treatment and Rehabilitation Strategies
Despite having interventions in place, injuries will still happen. If injury
does occur, treatment should not be delayed and typically includes rest
(physical profile/activity restriction), ice, compression, elevation (RICE),
and nonsteroidal antiinflammatory drugs (NSAIDs) to reduce pain, swell-
ing, and inflammation, and to lessen or stop the injury-producing cause.!
Early diagnosis, “controlled rest” (cross-training), and optimal rehabili-
tation are keys to success in preventing further injury and/or chronic
conditions. “Delaying evaluation and treatment may ultimately result in
a slower recovery or a worsening injury.”?! Physical therapy (PT) should
be used early to aid in evaluation, education, manipulation, mobiliza-
tion, stretching, and gradual strengthening exercises using the overload
principle. The goal is to prevent chronic conditions and to help return
service members to training or work as quickly and as safely as possible.
Returning an injured military woman to running is one of the goals
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TaBLE 1. Example of a Return to Running Progression

Walk Jog Repetitions Total Time
Stage | 5 min 1 min 5 times 30 min
Stage I 4 min 2 min 5 times 30 min
Stage Il 3 min 3 min 5 times 30 min
Stage IV 2 min 4 min 5 times 30 min
Stage V Jog every other day with a goal of

reaching 30 consecutive minutes

that healthcare providers must assist with because it is an activity required
of service members. One of the most important tools used to help a female
service member return to running is an effective walk-to-jog program.
After an injury, she should not be expected to begin at the same level
of preinjury running distance, intensity, or frequency right away. Once
the symptoms have subsided, she needs to follow a gradual running
progression program. After she can walk at least 2 miles without pain
or swelling, she can begin a walk-to-run program (Table 1).

The military woman should follow these six basic guidelines during
this program: (1) if the jogging hurts, she must apply ice when finished
and return to the previous stage the next day; (2) if there is no pain dur-
ing or after running and she feels fine the next morning, she can proceed
to the next stage; (3) if swelling develops in a joint or there is muscle/
tendon pain that lasts longer than 72 hours, she has done too much and
needs to decrease activity (duration and/or intensity) and increase rest
between workouts; (4) she should increase the intensity of the jog be-
fore increasing the duration; (5) she should follow the 10% rule—only
increase the weekly mileage by 10% of the previous week; and (6) she
should use ice immediately after activity for 15 to 20 minutes early in
this program. Command knowledge and support of these guidelines will
facilitate recovery and return to running.

Specific Injury Prevention, Treatment, and Rehabilitation
Techniques in the Military

“With gradual progressive physical overload training, stressed tissues can
theoretically repair and recover from day to day, averting injury, pain,
and loss of function.”?' However, women who are less fit will not be
able to recover and may be overloaded to the point of pain and injury.
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In addition, training errors may exist. Specific guidelines for the preven-
tion and treatment of common overuse and traumatic injuries suffered
by military women are provided in the following sections.

Stress Fractures
Prevention. Improper training can cause bone tissue to reabsorb faster
than it can regenerate, thus disrupting the ability of bone to repair itself
in response to stress. One very effective way to prevent stress fractures
is to decrease running mileage. There is an association between stress
fracture incidence and running distance. Researchers from the US Naval
Health Research Center (San Diego, CA) tracked Marine recruits during
a 12-week Marine Corps boot camp and found that a 40% reduction in
running distance was associated with a 53% reduction in stress fracture
incidence without significantly compromising aerobic fitness.'®”
Running shoe age has a significant impact on risk of incurring a stress
fracture in military recruits.’ Those recruits wearing newer shoes were
less likely to sustain a stress fracture. This is most likely associated with
age-related loss of shoe cushioning and support.! Boots may also have an
effect. Women recruits in Navy basic training who wore boots with greater
shock absorbency had significantly fewer lower extremity injuries, fewer
podiatric visits, and fewer severe stress fractures than those who wore
standard Navy boots.!*® Another important prevention tool is to ensure
that running shoes are appropriate for foot type. Women with high arches
should wear shoes designed for cushioning. Women with pes planus/hyper-
pronation should wear shoes that provide motion control. (For more in-
formation about running shoes, see section on Overview of General Injury
Prevention, Treatment, and Rehabilitation Techniques in the Military.)
Multiple interventions help reduce the incidence of injuries such as
stress fractures. Female Australian recruits were studied retrospectively
to report the incidence of pelvic stress fractures after the following five
interventions: (1) reduce road march speed from 7.5 to § km/h without
reducing the mileage, (2) march with their own stride length, (3) space
out the marching and running formations to identify obstacles easier, (4)
run on grass instead of roads when possible, and (5) reduce total running
distance and substitute interval running occasionally for longer distance
runs. The incidence of pelvic stress fractures in the intervention group
was 0.6%, compared with 11.2% in the preintervention group.'®’
Treatment. Treatment must include diagnosing and correcting any
predisposing or intrinsic factors, such as hormonal, nutritional, and
biomechanical abnormalities. Stress fractures may be broadly catego-
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rized as either low-risk or high-risk injuries. Low-risk stress fractures
typically heal without complication and can be diagnosed on the basis
of a thorough history, physical examination, and radiographs. With high
clinical suspicion, even with normal radiographs, a trial of rest and serial
examination and radiographs is appropriate.*® One to six weeks of limited
weight-bearing with progression to full weight-bearing as symptoms allow
may then be followed by a trial of low-impact activities, such as swim-
ming or biking. Once the patient can perform low-impact activities for
prolonged periods without pain, high-impact exercises may be initiated.*®

Because the female athlete triad (defined as amenorrhea, disordered
eating, and osteoporosis) is a strong risk factor for stress fractures and is
a multifactorial problem, treatment should focus on all factors. Referral
to a physician who is skilled in the evaluation and treatment of the female
triad is recommended.? A nutritional and menstrual history is important
in the treatment of stress reactions/fractures. Hormone replacement may
be indicated in those with menstrual irregularities, such as amenorrhea
(absence of menstruation) or oligomenorrhea (menstrual cycle greater
than 36 days). Bone densitometry should be considered, especially if
the service member suffers from multiple or recurring stress fractures.
Psychological evaluation and therapy are recommended for those with
eating disorders and chronic stress. Biomechanical factors should also
be evaluated and corrected.

Hip Stress Fractures

Treatment of hip stress reactions/fractures will also depend on the
area of the hip involved. According to a February 2006 draft of the “US
Army Medical Command Hip Pain Clinical Management Guideline,”
any soldier in BCT, AIT, or an Officer Basic Course who presents for
medical care with a complaint of hip pain and who demonstrates an
antalgic gait, limited hip range of motion (less than 90 degrees flexion
and 45 degrees abduction), or an inability to fully weight bear on the
involved limb will receive baseline hip radiographs (anteroposterior hip
and pelvis/frog leg lateral).

Femoral Neck. If the radiographs are positive for femoral neck
stress fracture, the soldier should be immediately placed on crutches
toe-touch weight-bearing, be given a profile (limited duty) for 4 weeks,
and referred the same day to orthopaedics and within 72 hours to PT.
If the radiograph is negative, the soldier needs to obtain a bone scan
or MRI no later than 72 hours and be placed on profile. Analgesics or
antiinflammatory medications should not be prescribed at this point. If
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the bone scan or MR1 is positive for femoral neck stress fracture (tension
or compression side), the soldier needs to be placed on 4-week profile,
referred the same day to orthopaedics and within 72 hours to PT. As
described previously, a patient with a tension-sided femoral neck fracture
should be surgically treated with internal fixation.’®’6%% After surgery,
the patient should remain non-weight-bearing for 6 weeks, followed by
an additional 6 weeks of partial weight-bearing.*®

Pubic Ramus. If the radiographs are positive for pubic ramus stress
fracture, the soldier should be placed on crutches weight-bearing to
tolerance, given a profile for 4 weeks, and referred within 72 hours to
PT. If the radiograph is negative, the soldier should obtain a bone scan
or MRI no later than 72 hours, be placed on profile, and not prescribed
analgesics or antiinflammatory medications at this point. If the bone scan
or MRI is positive for pubic ramus stress fracture, the soldier should
receive a profile, be referred 72 hours to PT, and prescribed NSAIDs
for analgesia. Treatment involves cessation of aggravating activity until
the pubic tenderness is gone, usually about 6 to 12 weeks.”® Full activ-
ity should not commence until the patient has undergone a progressive
pain-free exercise and stretching program.

Tibial Stress Fractures

The initial treatment for the less common stress fracture on the ten-
sion side (anterior cortex) of the tibia is a trial of rest for a minimum of
4 to 6 months, with or without immobilization.*® If nonoperative man-
agement fails, operative management may be indicated, which should
include excision and bone grafting!”° and intramedullary nail fixation.>

Other tibial stress fractures need to be treated with rest/activity
modification. In fact, 93% of tibial stress fractures heal with conserva-
tive treatment.'”! Sometimes crutches (or a cane) are required until the
individual can walk pain free. Casts are occasionally required in a BCT
or AIT environment to further protect trainees from outside forces and
influences. Running must be stopped until the bone is healed. The dura-
tion of rest and activity modification will depend on the degree of injury.
PT is encouraged to emphasize strengthening and flexibility exercises for
the lower extremities. Cross-training (eg, swimming or cycling) should be
initiated early to maintain a conditioned state while allowing the bone
to heal. Running may be resumed using the walk-to-jog progression
described previously after the patient has been asymptomatic for at least
4 to 6 weeks following a stress fracture.
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Metatarsal Stress Fractures

Metatarsal stress fractures, if treated appropriately, appear to heal
uneventfully, and delayed union or nonunion is rare.®> Treatment consists
of rest from the predisposing conditions (eg, running and marching) for
4 to 6 weeks or until asymptomatic. A rigid-bottom surgical shoe or a
stiff-soled shoe is helpful to protect from the stresses during the pushoff
phase of gait.?> Occasionally, a cast is required until symptoms decrease.
When walking is pain free and at least 4 to 6 weeks have passed, the
walk-to-jog progression program may begin (see section on Overview
of General Injury Prevention, Treatment, and Rehabilitation Techniques
in the Military).

First Metatarsal. Stress fractures of the first metatarsal are treated
in a short leg cast. A patient may be made non-weight-bearing if the
clinician feels that there is a possibility of the metatarsal deforming into
an elevated position during healing.®?

Fifth Metatarsal. As described previously, fifth metatarsal stress
fractures have a propensity for delayed union or nonunion, and have
a high risk of refracture after nonoperative treatment.®* Patients with
prodromal symptoms, but negative radiographs, may be treated with
non-weight-bearing and a semirigid brace that unloads the fifth metatar-
sal.!”?If radiographs are positive, or symptoms have been present for more
than 3 weeks, then the patient may be treated with non-weight-bearing
cast immobilization for 6 weeks or intramedullary screw fixation.’® The
literature supports surgical treatment for patients with a diaphyseal stress
fracture and radiographic evidence of delayed union or nonunion.!7%

Shin Pain
Chronic Exertional Compartment Syndrome

Prevention. CECS may or may not be preventable. However, a
gradual introduction to running and marching, a leg strengthening and
stretching program, and/or orthotics for underlying biomechanical or
structural problems are recommended.

Treatment. Rest, ice, NSAIDs, and orthotics may allow a gradual
and safe return to presymptom activities. However, relief is variable
and not always long term. If the prevention techniques do not help and
symptoms continue with running and/or marching, the military service
member may have to do the following: (a) cease or reduce running and/
or marching with a temporary or permanent profile (limited duty), (b)
be released from the military, or (¢) undergo a surgical decompression
(fasciotomy). Surgical decompression of the affected compartment has
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been reported to have at least a 90% probability of producing significant
improvement.!'7317

Postoperative Rebabilitation. After surgical decompression, heel-to-
toe crutch weight-bearing as tolerated is allowed, but activities that can
increase swelling should be avoided, and the leg should be elevated above
the heart as much as possible for the first 24 to 48 hours. Crutches can
be discontinued when there is normal gait. Gentle active range of motion,
stretching, stationary bicycling, and walking may begin immediately and
progress as tolerated. Formal strengthening exercises can be started by
the end of the second week. Scar massage with cocoa butter or vitamin E
oil should begin when the incision is well healed. A walk-to-jog program
and gradual return to full activities may be initiated when there is full
strength and flexibility, no pain or tenderness in the leg, and no pain
with walking at least 1 mile (see section on Overview of General Injury
Prevention, Treatment, and Rehabilitation Techniques in the Military).

Medial Tibial Stress Syndrome

Prevention. A gradual progression into running and marching should
always be part of any military physical training program. Women with
excessive foot pronation may be vulnerable to the development of me-
dial tibial stress syndrome.?? Heel cord stretching may help prevent this
condition, and should be conducted both with the knee straight and then
with the knee slightly bent. Off-the-shelf or custom-molded orthotics may
be indicated for those who exhibit hyperpronation of the foot during
marching and/or running to relieve stress on the medial soleus. As previ-
ously described, excessive pronation or excessive velocity of pronation
may increase stress and strain to the medial soleus. Therefore, eccentric
strengthening of the soleus can help prepare this muscle for these forces.
These should be conducted over the edge of a step with the knee straight
and then with the knee slightly bent to stretch the gastrocnemius and
the soleus, respectively.

Treatment. If left untreated, chronic medial tibial stress syndrome
can lead to periostitis from the chronic avulsion of the periosteum by
the pull from the medial soleus.?? Prompt evaluation and treatment are
keys to success. Rest, ice, and NSAIDs should be considered as early
treatment adjuncts. A study was performed at the US Naval Academy
wherein midshipmen diagnosed with shin splints were treated with either
rest, antiinflammatory medication, heel cord stretching, heel pads, or
casting. The most effective treatment was rest alone.” However, orthotics
may be indicated if there is excessive foot pronation. Those with medial
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tibial stress syndrome should cross-train with activities that are pain free
(eg, water running or bicycling). An eccentric gastrocnemius and soleus
stretching and strengthening program should begin when tolerated, and
should be done with the knee straight and then again with the knee slightly
bent. The strengthening program should also target the posterior tibialis
and the toe flexors, and can include towel curls, marble pick-ups, and
ankle inversion tubing exercises. When pain free with walking at least 2
miles, the patient can begin the walk-to-jog program using appropriate
running shoes (see section on Overview of General Injury Prevention,
Treatment, and Rehabilitation Techniques in the Military). A common
error that can lead to recurrence is to return to running too early or too
quickly.?

Knee Overuse
Patellofemoral Syndrome

Prevention. No one knows the best preventative technique(s) for
PFS, because the cause(s) can be very complex and multifactorial. Six
suggestions for prevention include the following: (1) strengthening the
quadriceps and gluteus medius muscles; (2) avoiding training errors,
such as a rapid increase in distance, speed, intensity, or frequency; (3)
avoiding running on hilly terrain; (4) maintaining flexibility in the lower
extremities; (5) using proper running shoes; and (6) wearing orthotics
for abnormal foot mechanics.

Treatment. There are also many suggested treatment techniques
for PFS without consensus on the best method. The management for
anterior knee pain is primarily nonsurgical. Suggestions include, but are
not limited to, the following: (@) relative rest (cross-training); (b) ice; (c)
running at own pace and distance on level surfaces; (d) NSAIDs; (e) PT
for education about proper running shoes and/or orthotics (stretching
of hamstrings, quadriceps, and ITBs; strengthening of quadriceps and
gluteus medius muscles; and/or patellar taping); () and use of knee sleeve
with patellar relief or patellar tracking brace. Another type of brace,
called a Protonics brace (Empi, St Paul, MN) is designed to help reduce
contact pressure on painful knees. Biomechanical studies have shown
that patellofemoral contact pressures are lowest between 0 degrees to 30
degrees of knee flexion. Therefore, closed-chain, short-arc knee exten-
sions performed within a pain-free range of motion are the cornerstone
of quadriceps strengthening and treatment for patellofemoral disorder.”®$
When subluxation of the patella is present, McConnell taping may be
used in addition to vastus medialis strengthening to alter glide, tilt, and
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rotation of the patella.'”® In addition, teaching the correct hip and knee
form while descending stairs is important (Figures 15 and 16). It is im-
portant to strengthen the quadriceps and the gluteus medius.

Surgical indications for patellofemoral pain are narrow and include
surgical realignment for patients with pain secondary to lateral sublux-
ation and/or lateral tilt.”® Surgical treatment includes direct repair of the
medial patellofemoral ligament to its attachments to the adductor tubercle
and vastus medialis obliqus, lateral release, or a distal patellar realign-
ment procedure such as the Fulkerson or Elmslie-Trillat procedure.’
Additionally, patellofemoral chondromalacia may be treated surgically
if conservative, nonsurgical treatment fails.

In general, it is difficult in the military environment to manage PFS
because of the uncertainty of the causes, persistence, exact diagnosis, and
potential malingering. However, physical rest may be one of the most
efficient means of relieving symptoms.'”” Once symptoms have subsided,
quadriceps strengthening exercises are a mainstay of therapy and should
be performed primarily via pain-free, closed-chain contractions, thus
ensuring the knees stay behind the toes in proper form (Figures 17 and
18). High-resistance, open-chain knee extension exercises should be
avoided because of the significant patellofemoral joint reaction forces.
Therefore, it is recommended that leg extension machines be avoided
and leg press machines be used instead.

lliotibial Band Friction Syndrome

Prevention. Two suggested ITB tendinitis prevention techniques are to
(1) strengthen hip stabilizers, especially the gluteus medius; and (2) keep
the ITB flexible. A tight ITB contributes to excess friction placed on the
band as it slides over the femoral condyle during flexion and extension
of the knee. In addition, excessive downhill running should be avoided,
and a heel lift may be indicated if there is a leg-length discrepancy.

Treatment. Basic treatment principles of overuse injuries apply:
decrease inflammation, limit overuse by modifying activity, and correct
underlying factors when identified. This may require crutches, antiinflam-
matory medications, ice massage, stretching, a knee immobilizer and/
or PT with ultrasound, and even transverse friction massage.'’”® Activity
modification is usually very effective and should be used in the early
stages. For example, running (especially downhill) should be avoided
or decreased until symptoms are resolved to minimize friction. As the
acute inflammation diminishes, a stretching regimen focusing on the ITB
(Figure 19), piriformis (Figure 20), hip flexors, hamstrings, and plantar
flexors should begin. Once the patient can perform pain-free stretching,
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FiGure 16. Correct form: improved knee and hip control.
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FiGURE 17. Eccentric step downs (correct form).

FIGURE 18. Incorrect form (knee goes over toes).
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FiGure 19. Iliotibial band stretch.

FIGURE 20. Left piriformis stretch (lean forward at an angle).
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strength training should begin. Strengthening of the hip abductors has
led to symptom improvement'” (Figures 21 and 22). Other muscles that
should be strengthened include the quadriceps and hamstrings. The return
to running should be gradual, using a walk-to-jog progression on level
surfaces (see section on Overview of General Injury Prevention, Treat-
ment, and Rehabilitation Techniques in the Military). Steroid injections
have also been used by various authors.!*1%5117 Surgery, generally excis-
ing the posterior portion of the ITB over the lateral femoral condyle, has
been reported for recalcitrant cases.!03!13 114117180181 Awareness of this
syndrome, particularly in new recruits, is key to the correct diagnosis
and treatment.

Patellar Tendinitis/Tendinosis

Prevention. Patellar tendinitis/tendinosis is often brought on by
jumping, running, or marching downhill. Jumping activities (eg, jumping
jacks) should be gradually introduced in the PT program and should not
be used excessively. Strengthening the quadriceps, gluteus medius, and
gastrocnemius-soleus should be part of the program. In addition, the
Achilles tendons should be flexible. The range of ankle dorsiflexion is
important for patellar tendinopathy, because it allows greater range and
lower rate of shock absorption in landing from jumps. Improving the
range of motion of the stiff or cavoid foot and ankle with mobilization
and/or orthotics may also increase shock absorption and prevent patellar
tendinitis/tendinosis.'®? Lastly, avoidance of prolonged or repetitive deep
knee bending and kneeling may prevent patellar tendon injury.

Treatment. Treatment begins with the RICE principle and NSAIDs.
Those with tendon pain and decreased lower limb function will need to
eliminate or reduce the volume or intensity of physical training or increase
the frequency of rest days. This can be accomplished with limited duty
(profile) for 4 to 6 weeks. Jumping must be eliminated until the pain has
subsided and strength has increased.

Patients who suffer from patellar tendinitis/tendinosis develop strat-
egies to unload the painful knee. An example is landing from a jump
with limited knee flexion and may be a result of weakness, pain, or a
combination of both."$? This usually leads to weakness in and around the
symptomatic patellar tendon beginning with loss of power, followed by
loss of endurance, and then loss of base strength.'$? Primary unloading
is best identified by deficits in reduced capacity to squat. The patient’s
ability to absorb shock through the limb can be tested with hopping,
whether it is hopping in place, hopping for distance, or performing the
6-meter hop.'®3
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FIGURE 22. Strengthening hip stabilizers with band “sumo walking.”
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The primary strengthening exercises must be directed at the quadri-
ceps musculotendinous unit specifically and should have a bias toward ec-
centric strengthening of the musculotendinous unit. The successful use of
eccentric exercise in rehabilitation has been reported for many years. Cur-
win and Stanish'®* first detailed the concept in the early 1980s. Since then,
most research has supported the role of eccentric exercise in improving
painful tendinopathy.'$"'*° Most rehabilitation must be undertaken as a
single-leg exercise, since double-leg exercises allow compensation with
the other leg.'®? The rehabilitation program should start with strength-
ening, progress to a power program, and finish with a sport/activity-
specific load on the tendon. For example, quadriceps strength must be
first gained using exercises such as leg press, decline squat, and lunges
in the retropatellar pain-free range. Both legs can push the weight, and
then the symptomatic leg can work eccentrically to lower/return the
weight (Figures 23 and 24). There will most likely be some discomfort
in the tendon because eccentric loading places the highest tensile loads
through the tendon. The discomfort should not be disabling. Next, in-
creasing speed with exercises, such as jumping rope and other low-level
plyometrics, will increase tendon load. Sport/activity-specific loads, such
as jumping, will complete the program. In addition, endurance must be
an integral component of each level.'?

Closed-chain exercises are important, but open-chain exercises—such
as leg extensions in the retropatellar pain-free range of motion—are useful
to specifically target the quadriceps. This is something that closed-chain
and functional exercises may not be able to achieve; however, caution
is warranted in avoiding pain with open-chain leg extensions. Weights
provide excellent muscular loading with minimal tendon strain, and
are therefore useful in the early stages of rehabilitation and throughout
physical training.'®? In addition to the quadriceps, gastrocnemius, soleus,
and gluteal functions are critical for adequate musculotendinous shock
absorption. Close attention to all of these muscles during rehabilitation
will maximize improvement in shock absorption.!#?

ACIL Ruptures

Prevention. Prevention techniques and programs can be applied to
help reduce the incidence of ACL ruptures. Intervention recommendations
from the consensus statement (see section on Anterior Cruciate Liga-
ment Ruptures) include the following six items: (1) conduct therapeutic
exercises to reduce ACL and lower extremity injury rates, (2) modify
body movement patterns and ground reaction forces via an interven-
tion program, (3) conduct perturbation training to cause neuromuscular
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FiGure 23. Concentric contraction (both legs).

FIGURE 24. Eccentric contraction (one leg).
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adaptations, (4) conduct plyometric training to increase quadriceps
strength, (5) intervene with education, and (6) teach proper body posi-
tions and movement strategies.'?®

These recommendations can be applied to the military female popu-
lation because the nature of the injuries is similar to that of the athletic
population, wherein most of the ACL injuries occur. Sudden deceleration,
tibial rotation, hyperextension, abrupt change in direction, and fixed foot
are all possible causes of noncontact ACL injuries. Females in the military
are all subject to these elements whether they are participating in BCT,
AIT, physical training, airborne or air assault school, motor skills train-
ing, field exercises, sports and recreation, or even their occupations. For
example, noncontact ACL injuries occur frequently during the decelera-
tion phase of landing following a jump, or while preparing for a cutting
maneuver while the knee is in near full extension and there is a valgus
collapse of the knee. Landing from jumps off of obstacles and cutting
maneuvers during various training exercises are frequent requirements
of military personnel.

Specific examples of ACL injury prevention strategies in the military
population can include the following four items: (1) strengthening the
quadriceps, hamstrings, and gluteus medius early in BCT and AIT; (2)
teaching proper body positions, movement strategies, and dynamic
patterns, such as landing with hip and knees in more flexion and knees
in less valgus (Figures 25 and 26); (3) incorporating perturbation ex-
ercises into physical training and motor skills development; and (4)
having trainees perform plyometrics during physical training. Plyomet-
ric training (which is used to increase the speed or force of muscular
contractions, thus providing explosiveness for a variety of sport-specific
activities) is designed to decrease landing forces by teaching neuromus-
cular control of the lower limb during landing and to increase power.
This training has led to increased jump heights, increased hamstring
strength, decreased peak landing forces, and decreased knee abduction
and adduction moments.'”! A plyometric training program can correct
an imbalance of hamstring-to-quadriceps muscle strength and bring it
to the level of males to restore hamstring-quadriceps muscle coactiva-
tion patterns.”! This training could have a significant effect on knee
stabilization and prevention of serious knee injury among military
women. Hamstring muscles are important to help with stabilization of
the knee joint because they function both as a joint compressor and a
restraint to anterior motion of the tibia. These functions help decrease
anterior shear forces and greatly reduce load on the primary restraint
to anterior tibial motion: the ACL.
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FIGURE 25. Landing in too much knee valgus.

FIGURE 26. Landing in less knee valgus (but not enough flexion).
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One other preventative technique would be to analyze the environ-
ment for hazards and make appropriate adjustments. One specific training
hazard is rubber matting on obstacle courses. A report showed that the
excessive coefficient of friction between rubber-soled boots and rubber
matting increased the risk of ACL ruptures in Australian Army recruits
most likely by fixing the foot to the ground, while the leg rotated in either
the transverse or sagittal plane.'??

Treatment. Those with an acute or chronic ACL-deficient knee
may be able to function without gross instability and/or pain. How-
ever, if they participate in activities and sports that involve pivoting,
cutting, or sudden starting and stopping, the chances of giving way
and additional damage to the knee are greatly increased. Military
service members routinely participate in such activities. If they suffer
from acute or chronic ACL insufficiency and instability, they have the
option of rehabilitation and trying to function in their current role
with or without bracing, obtaining a temporary or permanent profile
(limited duty), changing their occupation in the military, getting out of
the military, and/or undergoing surgery.

Treatment for an acute ACL rupture should begin early in PT.
NSAIDs and electrical stimulation will help with swelling and pain
reduction. Ice, rest (a profile), crutches, and a knee brace are often
provided. Patients are instructed to walk with a heel-to-toe gait to
ensure full knee extension during the heel strike phase of ambulation.
Backward walking is particularly helpful in regaining full extension.
Obtaining full knee range of motion, especially extension, is critical
for a successful conservative or surgical outcome and should begin
within a day or two of injury. This can be aided by having the patient
lie prone with the knee over the edge of the table, letting gravity assist
with knee extension (Figure 27). The patient can also perform standing
terminal knee extensions (locking the knee back into extension with
rubber tubing resistance) and prone terminal knee extensions with toes
on the table and pushing the knee up toward the ceiling (Figures 28
and 29). Crutches can be discontinued when a normal heel-to-toe gait
is achieved and quadriceps activity is restored. Stationary bicycle and
closed kinetic chain quadriceps strengthening exercises can begin in the
pain-free range. Hamstring, gastrocnemius, and soleus strengthening
should also begin. Balance and proprioceptive exercises are necessary
to aid in the functional stability of the knee. These activities should be
initiated in a well-controlled environment and progressed as tolerated
toward more challenging activities, such as standing on soft or mov-
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FIGURE 27. Prone knee extensions (passive).

ing surfaces, using perturbations, and incorporating trunk and upper
extremity movements. Straight-line walk-to-jog progression may begin
and progress as tolerated (see section on Overview of General Injury
Prevention, Treatment, and Rehabilitation Techniques in the Military).
Patients must be educated regarding the benefits and risks of whether
or not to undergo an ACL reconstruction.

Ankle/Foot Conditions
Lateral Ankle Sprains

Prevention. Twenty-six percent to 41% of airborne operations
injuries involve the ankle.?*1327135 Exterior (outside-the-boot) ankle
braces have helped reduce the incidence of airborne operations ankle
injuries.?>1* Others have reported that using prophylactic ankle braces
can reduce the incidence of ankle injuries occurring from basketball.’ In
addition, running in formation, especially over uneven terrain, should be
limited to avoid ankle sprains. The running and marching areas should
be well lit and level.

Findings of a prospective study that examined intrinsic risk factors
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FIGURE 28. Terminal knee extension—start.

FIGURE 29. Terminal knee extension—end.
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for inversion sprains in 159 young, physically active females suggest that
effective prevention and conservative rehabilitation of ankle inversion
sprains should consider coordination of postural control and improving
ankle joint inversion position sense.'”® Balance, coordination, and timing
drills should always be incorporated in physical training routines.

Treatment. If a sprain does occur, it should be evaluated and treated
within a day or two of injury by a physical therapist and/or orthopaedist
to help prevent chronic instability and pain. The Modified Ottawa Ankle
Rules can be applied to determine the need for ordering radiographs
following an acute ankle sprain.'”” Ankle fractures require immobiliza-
tion, and grade III high-ankle sprains may need pinning, especially in
the athletic and young active population. Other grade III sprains require
bracing and extensive rehabilitation. Occasionally, surgical reconstruction
of the torn ligament(s) is necessary if the joint remains unstable.

Most acute ankle sprains should be treated using the RICE principle,
which includes controlled rehabilitation exercises, such as early motion
and weight-bearing as tolerated with crutches. Athletic tape (open-weave
technique), ace wrap, or an ankle brace can be used for immediate com-
pression and protection. A U-shaped/horseshoe or circular pad can be
placed around the lateral malleolus to provide focal compression (Fig-
ure 30). This will prevent excess fluid accumulation and further reduce
edema. As described previously, crutches may be necessary if the patient
demonstrates an antalgic gait, with weight-bearing status dependent on
the severity of the injury. A heel-toe gait is also very important to help
normalize function, prevent compensatory stresses at other joints, and
help aid in venous return. Posterior splints should not be used following
ankle sprains because they prevent ankle dorsiflexion and plantarflexion,
which are necessary for a normal heel-toe gait and venous return. Ankle
rehabilitation must also include progression to higher levels of strength-
ening, balance/proprioception, and functional skill training.

Achilles Tendinitis/Tendinosis

Prevention. Techniques to help in the prevention of Achilles tendi-
nitis should include proper training overload progression for running,
marching, and jumping, as well as eccentric strengthening of the gas-
trocnemius and soleus muscles. There is recent evidence that decreased
plantar flexion strength and increased dorsiflexion range of motion are
intrinsic risk factors for the development of an Achilles tendon overuse
injury.'® It is also important to match proper running shoes to foot type,
such as pes planus (hyperpronation) or pes cavus. Running in other types
of athletic footwear should be avoided at all costs. For example, running
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in basketball or court shoes can lead to Achilles injuries because the lack
of arch support and the lower heel places more strain on the Achilles
tendon with every step. This is especially true for those with increased
dorsiflexion range of motion who are at increased risk already.
Treatment. Goals for the treatment of Achilles tendinopathy include
the following: (a) reverse disease progression, (b) return the individual
to previous level of activity unlimited by symptoms or other residual
physical impairments, (c) prevent recurrence, and (d) help the individual
manage his/her condition independently with education.?* Treatment for
acute Achilles tendinitis or strain should be prompt and include the RICE
principle with NSAIDs. Resting is necessary, and a profile (limited duty)
should be provided to prevent running, marching, and jumping for at
least 4 weeks. Cross-training with biking or swimming will help main-
tain fitness levels while aiding in recovery. Ice and elevation help reduce
pain, bleeding, and inflammation, especially during the first 72 hours.
Compression, such as ace wraps or taping, may help reduce pain in the
Achilles by unloading the tendon and restraining movement. Heel lifts
in the shoes and boots also will help reduce the tension on the Achilles

Ficure 30. Horseshoe pad.



PREVENTION, TREATMENT, AND REHABILITATION | 67

tendon by decreasing the amount of dorsiflexion during the terminal
stance of walking. Orthotics should be considered if hyperpronation is
present. Stretching and friction massage are also important following
an injury to prevent inelastic scar tissue formation/cross-bridging. The
stretching should include heel cord stretching, both with the knee straight
and with the knee slightly flexed (Figures 31 and 32). Steroid injections
should be avoided because of increased risk of tendon rupture.

Once the acute symptoms have decreased, an effective reloading
program should begin and should include eccentric strengthening of the
gastrocnemius and soleus. Eccentric reloading is effective following acute
tendinitis and tendinosis. Research has demonstrated a high rate of return
to preinjury activities in athletes who followed programs incorporating ec-
centric exercises.'®>1% The eccentric program should be progressed at slow
speeds and sufficient loads to prevent continued or progressive tendinopathy.
A recommended program is one outlined by Alfredson et al."*¢It consists of
two types of eccentric exercises: (1) loading the calf muscles with the knee
flexed and (2) loading the calf muscles with the knee straight (Figures 33
and 34). Individuals should start with 3 sets of 15 repetitions using just body
weight, and only performing eccentric contractions—no concentric load-
ing. This is achieved by using both legs to raise both heels, while using the
impaired side only during the eccentric lowering phase in a slow, controlled
fashion (Figures 35 and 36). The exercises should be performed two times
per day, 7 days a week for 12 weeks. When only minor pain or discomfort is
experienced, a backpack loaded with weight can be added. When walking 2
miles is pain free, a walk-to-jog progression program that is commonly used
in military rehabilitation may begin (see section on Overview of General
Injury Prevention, Treatment, and Rehabilitation Techniques in the Military).

According to Alfredson et al,'®¢ there is little place for surgery in the
treatment of chronic Achilles tendinosis located in the avascular zone (2
to 6 cm proximal to the calcaneal insertion) in the tendon. In their study
of the effect of heavy-load eccentric training in 15 athletes with chronic
Achilles tendinosis, all participants had fast recovery in calf muscle func-
tion, and they returned to previous running activity symptom-free.'#

Posterior Tibialis Tendinitis/Tendinosis

Prevention. Prevention of posterior tibialis tendinitis/tendinosis
may be as simple as preventing training errors, stretching the Achilles,
strengthening the posterior tibialis tendon, and ensuring use of proper
running shoes. Women with excessive foot pronation are vulnerable to
posterior tibial tendonitis, because this tendon has to provide eccentric
control of foot pronation. Proper running shoes and/or orthotics can help
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FIGURE 31. Achilles stretching—knee straight.

FiGure 32. Achilles stretching—knee flexed.
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FIGURE 33. Achilles strengthening—knee flexed.

FIGURE 34. Achilles strengthening—knee straight.
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FiGURE 35. Concentric contraction (both legs).

FIGURE 36. Eccentric contraction (affected leg).
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limit the magnitude of foot pronation during closed-chain activities. In
addition, if they have tight Achilles or limited talocrural dorsiflexion—
especially if they wear high heels often—they are even more vulnerable
because excessive foot pronation may be related to limited talocrural
joint dorsiflexion range of motion.?* Symptoms will be aggravated in
those women who have occupations requiring long periods of standing,
such as guarding post entrances (eg, military police).

Treatment. Treatment of posterior tibial tendinitis/tendinosis usu-
ally begins with the RICE principle and NSAIDs to help reduce clinical
symptoms and prevent progression to chronic conditions and possible
rupture. Patients should be educated about the condition to help pre-
vent recurrence. Proper running shoes are a must, and orthotics may
be indicated and usually include wedging or posting along the medial
forefoot and hindfoot. Physical therapists can teach foot and ankle flex-
ibility and strengthening exercises. These should include gastrocnemius
and soleus stretching; eccentric strengthening of the posterior tibialis
(ankle inversion) and toe flexors; and closed-chain strengthening of the
gastrocnemius, soleus, and hip abductors in stance.

Chronic tendon disorders, such as posterior tibial tendinosis, often
result from intensive repetitive activities (eg, running or marching). If
higher-than-normal eccentric muscle forces are transmitted, the tendon may
not be able to repair itself and may deteriorate to tendinosis. Ironically,
the tendon appears to adapt favorably to physical stress, such as eccentric
loading.!®5!% The tendons become stronger during the progression as
fibroblast activity increases and collagen reaction accelerates. These high
forces from eccentric loading induce a beneficial tissue remodeling response
when exposed progressively and repeatedly. Cross-training with swimming,
bicycling, etc, should also be part of the rehabilitation. Once symptoms are
reduced and walking at least 2 miles is pain free, the walk-to-jog progres-
sion program can begin (see the section on Overview of General Injury
Prevention, Treatment, and Rehabilitation Techniques in the Military).

Plantar Fasciitis

Prevention. Limiting the wear of military boots to those training
activities that really require boots may be beneficial in BCT and AIT.?!
Other prevention techniques include proper running shoe selection,
avoiding training errors, and orthotics.

Treatment. In BCT, common treatments for plantar fasciitis include
ice massage, NSAIDs, Achilles stretching, correcting training errors, heel
cups, and orthotics.?! The rationale for using orthotics is to decrease the
stress on the medial tuberosity and plantar fascia.?? For those with pes



72 | MUSCULOSKELETAL INJURIES IN MILITARY WOMEN

planus, an orthotic device should be considered to correct the biomechani-
cal deformity and to increase the support of the foot during the stance
phase.?? Athletic tape may also be indicated with this foot type to relieve
the pressure on the origin of the plantar aponeurosis during propulsion
by holding the forefoot in adduction and the heel in varus.??> For those
with pes cavus, a soft orthotic may be used to aid in shock absorption
and to increase the area of contact.??

PT can help with the trial of modalities (ultrasound/phonophoresis):
teaching specific foot strengthening exercises (eg, towel curls), plantar
fascia stretching, and rolling the foot over a golf ball to release tension
and break up adhesions or nodules; evaluating foot biomechanics and
recommending/making specific orthotics; taping; and/or placing service
members on limited activities (profile).

Acetabular Labral Tears

Prevention. Prevention of acetabular labral tears is difficult because
up to 74.1% of labral tears are not associated with a specific event or
cause.3* However, it is believed that repetitive microtrauma is the
cause of these insidious labral lesions,!3*!”” wherein the pain gradually
develops and increases in intensity over time. Hip stress fractures need
to be ruled out. Physical training should be modified if a female begins
experiencing groin and/or lateral hip pain, clicking, catching, locking, or
giving way. If running causes pain, an alternate cardiovascular exercise
can be used for cross-training. Specific motions to avoid are torsional or
twisting movements, hip hyperabduction, hyperextension, and hyperex-
tension with lateral rotation.'! Straight-leg raising exercises should also
be avoided if painful.

Treatment. Conservative treatment for hip labral tears includes PT,
limiting/avoiding painful weight-bearing activities, cross-training with
pain-free activities (eg, biking and swimming), and NSAIDs. The specific
PT intervention for those with acetabular labral tears is not yet defined in
the literature.’*! However, from clinical experience, PT can be beneficial
for some patients and can also be effective for preoperative conditioning/
strengthening if surgery is indicated. Specific recommendations include
stretching the iliopsoas muscle to decrease the amount of traction on the
labrum, stretching the hip joint capsule if motion is limited, performing
core stabilization exercises targeting the transversus abdominis and mul-
tifidus (MF) muscles, and strengthening the surrounding hip musculature
to stabilize and protect the hip joint. Performing well-leg tubing exercises
in all directions and doing the “sumo walk” with rubber bands around
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both ankles are effective methods of strengthening the hip stabilizers, such
as the gluteus medius (see Figures 21 and 22). They should be performed
for time (endurance strengthening).

If nonsurgical treatment does not decrease or eliminate the symptoms,
surgical intervention may be indicated. Surgical treatment has resulted in
short-term improvement, but the long-term results are still unknown.'*! Re-
pair and/or debridement of the torn tissue are typical surgical management
strategies. Excision or debridement of the damaged labral tissue by
arthroscopy is the most common procedure.'*! The PT postsurgical
protocol used at Walter Reed Army Medical Center (Washington, DC)
is provided in the Appendix.

Back Conditions

Prevention. Because military women have increased risk of low back
pain—compared with men in specific occupations (eg, multichannel
transmission systems operator, single-channel radio operator, wheeled-
vehicle mechanic, signal intelligence analyst, voice interceptor, and
practical nurse'*!*)—there may be different physical and psychosocial
stressors involved. For example, there may be higher pressure to per-
form successfully or greater role conflict working in a traditionally male
profession.'** Therefore, there is a need for investigation, identification,
and management of potential causes for gender differences. Specifically,
supervisors must analyze high-risk jobs for psychosocial and ergonomic
hazards and reduce their impact on pain and fatigue.'*'*> Ergonomic
evaluation and education, safe lifting education, and core stabilization
exercises are some examples of low back injury prevention techniques
that are used in the military population.

Commanders and supervisors should use assistance from local PT or
occupational therapy clinics, occupational health, or installation safety
offices. The training should include teaching and emphasizing proper
ergonomics, body mechanics, and the importance of being physically
fit. An excellent source for supervisors is the US Department of Labor
Occupational Safety and Health Administration (OSHA) Website (http:/
www.osha.gov).

Computer Workstation Ergonomics. Supervisors need to identify
and minimize high forces on the spine and highlight the value of safe
working postures, safe working conditions, and furniture design.Because
of higher technology, many military personnel sit in front of computers
throughout the day, which can lead to low back pain. OSHA provides
thorough education about the best way to set up a computer workstation.
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(For more helpful tips, also see http://www.osha.gov/SLTC/etools/com-
puterworkstations/positions.html.)

“To understand the best way to set up a computer workstation, it is
helpful to understand the concept of neutral body positioning. This is a
comfortable working posture in which your joints are naturally aligned.
Working with the body in a neutral position reduces stress and strain
on the muscles, tendons, and skeletal system, and reduces your risk of
developing a musculoskeletal disorder.” The following points are impor-
tant considerations when attempting to maintain neutral body postures
while working at the computer workstation:

e Hands, wrists, and forearms are straight, in-line, and roughly parallel
to the floor.

e Headislevel, or bentslightly forward, forward facing, and balanced.
Generally, it is in-line with the torso.

e Shoulders are relaxed, and upper arms hang normally at the side of
the body.

e Elbows stay in close to the body and are bent between 90 degrees
and 120 degrees.

e Feet are fully supported by floor or footrest.

e Backis fully supported with appropriate lumbar support when sitting
vertical or leaning back slightly.

e Thighs and hips are supported by a well-padded seat and are gener-
ally parallel to the floor.

®  Knees are about the same height as the hips, with the feet slightly
forward.

Regardless of how good the working posture is, working in the
same posture or sitting still for prolonged periods is not healthy. The
working position should be changed frequently throughout the day in
the following ways:

e Make small adjustments to the chair or backrest.
e Stretch fingers, hands, arms, and torso.
e Stand up and walk around for a few minutes periodically.

Safe Lifting. A second important method of preventing low back pain
and injury is to use safe lifting techniques (Figure 37). OSHA provides
the following lifting tips, which also can be found at http://www.osha.
gov/SLTCl/youth/restaurant/poster_lifting.html.
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DO
e Keep your head up and your back straight and bend at your hips.
e Bring the load as close to you as possible before lifting.
e Lift with your legs, not your back.
e Shift your feet to turn.
e Keep the load directly in front of your body.
e Try to perform lifts at waist height, with your elbows in close to
your body.
e Limit amount lifted by hand. Use mechanical lifts or get help.
e Stay fit to help avoid injury.

DON’T
e Lift heavy loads (>35 pounds). Get help.
e Reach across something to lift a load.
Lift bulky or uneven loads.
Reach to the side or lift while twisting.

FIGURE 37. Safe lifting technique.
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Core Stabilization Exercises. Another important method in the pre-
vention of low back pain is to improve the mechanical support of the
spinal joints through lumbopelvic stabilization exercises (ie, core streng-
thening or stabilization).?’’ Core stabilization has been used in athletic
and therapeutic settings to enhance neuromuscular pathways, strength,
proprioception, and balance, and to aid in coordination of synergistic
and stabilizer muscles. Most importantly, strengthening core stabilizers
has been shown to prevent low back pain.?! Therefore, the goals of
core stabilization are to control, prevent, or eliminate low back pain;
increase patient education and kinesthetic awareness; increase strength,
flexibility, coordination, balance, and endurance; and develop strong
trunk musculature to enhance upper and/or lower extremity functional
activities.

Global and local (deep core) muscles comprise the trunk muscles.
Global muscles (rectus abdominus, and internal and external obliques)
balance external loads, and local muscles internally provide segmental
stability and direct control of the lumbar segments. The local muscles
include the transversus abdominis (TrA) and the MFE.2%> Core stability
exercises center on the treatment of these deep core trunk muscles,
which have been shown to be the most significant in sustaining spinal
stability.?> Recent works have focused on the functional contribution of
these trunk muscles to postural stabilization of the lumbar spine, as well
as their respective changes in the presence of acute and chronic pain.

The deepest abdominal muscle is the TrA, and it is believed to be
a key stabilizer of the spine. The TrA is a thin muscle whose fibers run
horizontally around the abdomen and attach via the thoracolumbar
fascia to the transverse processes of the lumbar vertebrae. The muscle
orientation is hoop-like, and contraction results in the formation of a
rigid cylinder; this increases intraabdominal pressure, as well as tensions
the thoracolumbar fascia, both of which increase stiffness in the lumbar
spine.222% This helps limit translational and rotational movements in the
lumbar spine.? It also activates in an anticipatory manner to stabilize
the spine before limb segment movement.2¢-2%°

Prevention efforts should target not only the TrA, but also the MF,
pelvic floor, and diaphragm muscles both in motor learning principles and
muscle strength endurance. These muscles work together in a cylinder-like
effect to support the lumbopelvic region.?! The MF is the largest and
most medial of the lumbar muscles.?!! Its functions are to reduce anterior
shear force, stabilize the trunk, and act as a primary trunk extensor. This
muscle co-contracts with the TrA via the thoracolumbar fascia. Core
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stabilization focuses on whole-body equilibrium, lumbopelvic orientation,
and intervertebral control via strengthening the TrA and MF muscles.?"

Co-contraction of these deep muscles for core stabilization is a
difficult task for anyone to learn. Education and training are keys to
success. Pictures of the muscles and explanations of the exercises should
be provided prior to practicing. The basic principles for this technique
include (@) placing the pelvis in the most pain-free position (neutral
spine) and then (b) drawing in the lower abdominal wall without mov-
ing the spine or pelvis.?!® This is to help isolate the TrA and MF from
the global muscles. Helpful verbal cues include the following: “Take a
relaxed breath in and out and then, without breathing in, slowly draw
your lower stomach up and in towards your spine” and “continue normal
breathing while holding it in” (Figure 38). Usually, this is first attempted
in the hooklying position, but may need to be taught in the quadruped
position using gravity for stretch reflex assistance. It is also important
to explain that these deep muscles are comprised of type 1 muscle fibers,
and endurance is the key to success.?!”

FIGURE 38. Quadruped position to learn abdominal drawing-in maneuver.
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Real-time ultrasound imaging can be used to provide further biofeed-
back and to record outcome measures of the resting and contracted size
of the TrA and/or the MF (Figures 39 and 40). Real-time ultrasound is
a reliable noninvasive technique to measure thickness of these muscles.
Data from the study by Teyhen et al*'3 provide construct validity for the
idea that the lower abdominal drawing-in maneuver results in preferential
activation of the TrA in patients with low back pain. Results from this
study provide further support for the use of real-time ultrasound as a
foundational component for lumbar stabilization programs.

Once the basics of neutral spine and proper muscle contraction are
learned and recorded, level 1 core stabilization exercises may begin.
Participants must be reminded to maintain a neutral spine, draw in the
lower abdomen, and gradually increase time spent performing the exer-
cise. Examples of level 1 core exercises include the following:

®  Hooklying: alternating hands to knees (Figure 41), bridging, and
leg circles.

®  Prone: one arm, one leg, or alternate arm and leg lifts.

e Sitting: on disc (Figure 42), arms overhead, one leg out, or alternate
hands to knee.

®  Quadruped: one arm, one leg (Figure 43), or alternate arm and leg
lifts.

Advancement occurs by progressing from stable surfaces to unstable
surfaces (ball, disc); large, simple movements to smaller, more complex
movements; one plane of movement to multiple/combined planes; short
lever arm to longer lever arm; no weights to weights; and slow to fast speed.
Progression of core stabilization exercises occurs when level 1 exercises
are mastered; endurance has improved; and the patient can perform and
tolerate at least three level 1 exercises for 3 minutes with good form/neutral
spine, minimal cueing, and loaded postures are tolerated. Examples of more
challenging core stabilization exercises include the following:

¢ Side plank (Figure 44), forward plank (Figure 45).

e Having the physical therapist perform rhythmic stabilization.

e Prone superman.

e Supine “dead bug”: alternate hands to knees without resting feet all
the way to table.

e Advanced physioball positions: plank (Figure 46), bridging (Figure
47), prone alternating (Figure 48), and use of heavier weights.

e Medicine ball drills.



PREVENTION, TREATMENT, AND REHABILITATION | 79

FiGURE 40. Transverse abdominis relaxed (left) and contracted (right).
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FIGURE 41. Supine alternating arms and legs.

FIGURE 42. Sitting on disc.
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FIGURE 43. Quadruped leg extension with cane on back.

FIGURE 44. Side plank.
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FIGURE 45. Forward plank.

FIGURE 46. Plank on ball.
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;

4

FIGURE 47. Bridging on ball.

¥

FIGURE 48. Prone alternating on ball with weights.
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The next step is to incorporate core stabilization into all agility,
sports-specific drills, strength training, plyometrics, power training,
balance, and proprioception. Rotational drills with medicine balls are
frequently used, and partner-assisted/group exercises are common. Ad-
vanced core-stabilizing exercises in this phase include balancing while
standing on a dynadisc, using a physioball during single-leg wall sits, do-
ing single-leg balance during perturbations, and performing plyometrics.

Treatment. If low back pain or back injury occurs, serious causes/
conditions need to be ruled out. An emergency referral to an orthopaedic
surgeon or neurosurgeon is necessary if there are complaints of bowel and/
or bladder loss of function. Other reasons for referral include progres-
sive numbness and/or weakness in one or both lower extremities, pain
radiating past the knee that is not relieved with conservative treatment,
or true night pain that causes arousal from a sound sleep. Additionally,
severe or chronic back pain of unknown origin should be referred.?'

Most acute low back pain is not serious and should be treated early
with “active rest” (cross-training using pain-free forms of exercise, such
as walking or swimming); ice; NSAIDs; and PT for evaluation, possible
manipulation, education about exacerbation, reinjury prevention, ergo-
nomics, body mechanics, stretching, and lumbar stabilization. Often, the
injured military service member will require limited duty (physical profile)
and/or day(s) off (quarters), especially if the training or job requirements
are very physically demanding. However, the injured service member
must be shown mobility, strengthening, and alternate cardiovascular
exercises as soon as possible after injury or onset of pain. The primary
goal is to prevent chronic low back pain and recurrences. Physical
therapists can also evaluate and identify those who would benefit from
spinal manipulation and specific strengthening, stretching, and range-
of-motion exercises.

Spinal Manipulation. Spinal manipulation has been found to be very
effective for a subgroup of patients suffering from low back pain. Flynn
et al'*® developed a clinical prediction rule to help identify those with
low back pain who would most likely benefit from manipulation. Spinal
manipulation is clearly indicated if at least 4 of 5 of the following criteria
are met: (1) symptom duration less than 16 days, (2) no symptoms distal
to the knee, (3) a score of less than 19 on a fear-avoidance measure, (4)
at least one hypomobile lumbar segment, and (5) at least one hip with
more than 35 degrees of internal rotation.'>¢2! The presence of at least
4 of 5 of these variables increased the likelihood of success, with spinal
manipulation from 45% to 95%. The specific manipulation technique
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described in these studies has the patient positioned supine and passively
side-bent away from the therapist. The therapist stands on the opposite
side to be manipulated. The therapist then rotates the patient’s upper
body toward the therapist and then performs a quick posterior thrust
through the anterior superior iliac spine.

Core Stabilization Exercises. Core stabilization exercises, as de-
scribed previously, have been advocated in the treatment of those with
low back pain.2*2!” The exercise regimen of strengthening the TrA
and MF is partially based on the emerging research related to the role
of these muscles in spinal stability. In addition, researchers have found
that contraction of the TrA during the abdominal drawing-in maneuver
instead of a more global bracing contraction of the global abdominal
muscles provided greater SIJ stability.??

Recent researchers reported that lumbar stabilization programs
resulted in better outcomes, compared with generalized exercise
programs.??'??> The theory behind stability exercises is that improved
neuromuscular function will enhance or restore intrinsic support or motor
control of the spine and pelvis, decrease the involuntary or subtle shear
forces and irritation, and ultimately lead to pain relief.?*! A rational ap-
proach to safely enhancing lumbar stability is through endurance versus
strictly strength training of the local deep core trunk muscles, which act
to ensure neutral spine posture when under constant load.?*

As described previously, under normal conditions, the TrA activates
in a protective manner in anticipation of trunk and limb movement.
However, this pattern of movement is not present in individuals with low
back pain. In particular, in individuals with low back pain, the anticipa-
tory contraction of the TrA is absent, and it has been suggested that the
lack of this protective phenomenon may result in the recurrent acute
episodes of low back pain commonly seen in the general population.??4-2%7
The additional primary trunk muscles (the external oblique, the internal
oblique, the rectus abdominis , and the MF) were unable to be classified as
anticipatory for all limb and trunk movements and, therefore, strengthens
the construct that the TrA muscle is a key muscle in the maintenance of
lumbar stability during dynamic tasks.

Posteriorly, the MF muscle is the main focus in rehabilitation of those
with low back pain. It is thought to be specifically important for stabil-
ity, and it is the largest and most medial of the lumbar back muscles.??®
MPF’s function is to reduce anterior shear force of a functional spinal unit,
primary trunk extensor, and a trunk stabilizer. Hides et al**’ reported
that individuals without a history of low back pain had an average
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side-to-side difference of 3% = 4% in the cross-sectional area of the MF
muscles, whereas those with low back pain had an average side-to-side
difference of 31% = 8%. After injury, the MF muscle does not recover
spontaneously with time and needs to be specifically strengthened. Hides

FIGURE 49. Right lateral shift correction—start.
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et al**® performed a randomized clinical trial with 39 subjects with acute,
first-episode unilateral low back pain randomly assigned to a control or
treatment group. The treatment group performed a 4-week program of
specific localized MF exercises, and low back pain subsided in all members

FiGURE 50. Right lateral shift correction—end.
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FIGURE 51. Passive prone extension.

of this group. The reduced size of the MF in the control group remained
practically unchanged, whereas the MF cross-sectional area was restored
in the treatment group and was evident at 4- and 10-week follow-ups. In
addition, subjects in the treatment group had fewer recurrences of low
back pain than the control group subjects over the longitudinal study.
Specifically, subjects in the control group were 12.4 times more likely to
experience recurrences in the first year postintervention and 5.9 times
more likely at 2- and 3-year follow-ups. Therefore, it is important to
perform core stabilization exercises to not only help recover from low
back conditions, but also to prevent recurrences.

Other Exercises. It is beyond the scope of this monograph to discuss
all treatments for low back pain. However, flexibility and positional
exercises are often prescribed for treatment of those with low back
pain. For example, McKenzie lateral shift and/or extension exercises
are often prescribed for those patients with intervertebral disc syndrome
who get relief from positional change or directional movements, such as
extension of the lumbar spine.?! For those patients presenting with an
acute lateral shift or list, the underlying cause is thought to be related



PREVENTION, TREATMENT, AND REHABILITATION | 89

to a posterior-lateral shifting of the nucleus pulposus within the disc,
which puts pressure on pain-sensitive structures, such as nerve roots.?
McKenzie and May?*! advocate manual or self-correction of the lateral
shift followed by passive extension exercises that are thought to move
the nucleus of the disc centrally (Figures 49 to 51). This procedure may
increase low back pain initially, but should not increase leg pain. It is
considered successful if the leg pain is relieved or eliminated, and lumbar
motion is restored. Flexibility and positional exercises should be taught
in conjunction with strengthening exercises.






Summary

Musculoskeletal injuries in military women are common. Prevention and
management of such injuries are very important to sustain the fighting
force and maintain military readiness. This monograph provides informa-
tion about the incidence, risk factors, prevention, diagnosis, evaluation,
treatment, and rehabilitation of common musculoskeletal overuse and
traumatic injuries sustained by women in the military.
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Appendix: Postoperative
Protocol—Hip Arthroscopy for
Acetabular Labral Lesions

PHYSICAL THERAPY SERVICE
WALTER REED ARMY MEDICAL CENTER

[ ]
% WASHINGTON, DC

Preoperative Visit

¢ Discuss role of Physical Therapy postoperatively

e Teach normal heel-toe gait with crutches on level surfaces and stairs

e Instruct in knee strengthening, hip range of motion, and stretching ex-
ercises (postop protocol)

¢ Discuss importance of postop portal site management to prevent adhe-
sions/pain

¢ Schedule postop follow-up
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Phase | (0-1 Week)

NOTE: Exercise prescription is dependent on the tissue healing process and individual functional
readiness in all stages. If any concerns or complications arise regarding the progress of any patient,
Physical Therapy will contact the orthopaedic surgeon.

e Weight-bearing as tolerated using crutches with normal heel-to-toe gait

e Isometric quadriceps/gluteus/hamstring/adductor/abductor sets

e Active assistive range of motion: heel slides with sheet, supine hip abduc-
tion and adduction

e  Bridging

e Weight-shifting

e Single-leg balance

e Standing hip abduction/adduction, flexion, extension without resistance
(stand on affected side: closed-chain perturbations)

e Grade I to grade IT inferior/posterior mobilizations for pain

e Portal site (scope site) scar massage when closed

Phase Il (2-3 Weeks)

e Progress to ambulation without crutches when normal gait is present

e Continue hip range of motion with gradual end-range stretch (aggressive
stretch is not necessary)

e Single-leg bridging

e Stationary bike as tolerated

e Aquatic therapy

e Begin lumbar stabilization

Phase lll (4—6 Weeks)

e Continue hip stretching

e  Mini-squats

e Leg press

e Backward lunges in pain-free range

e  Step-downs

e  Closed-chain hip flexion, extension, abduction/adduction: use tubing/
bands on unaffected limb for resistance

e StairMaster/cross-trainer/elliptical
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Phase IV (6+ Weeks)

e Gradual progression to full functional activities as tolerated
®  Begin walk-to-jog progression when pain-free

This Appendix was adapted with permission from the US Army Medical Department, Physical
Therapy Service, Walter Reed Army Medical Center, Washington, DC.
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