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Preface

What a great opportunity it is to participate in the body of
information advancing the study of musculoskeletal medicine.
As the physician, the readers can attest that didactic presenta-
tions of musculoskeletal complaints are at a minimum during
undergraduate training. The advancement of individual clinical
understanding of this field many times is left to the practitioner.
Out of imagination, passion, or frustration, we the musculoskel-
etal practitioners seek to improve our abilities to provide better
clinical diagnostic endeavors. The hip and pelvis is an area in
musculoskeletal and sports medicine that provides continued
mystery. It is the last great bastion of the unknown. Our hope in
bringing together many excellent clinician authors is to provide
the basis for improved approach to the patient and athlete who
have complaints involving the hip and pelvis. Each chapter begins
with a clinical case which is probably similar to the patients you
see in your practices. Each chapter provides an approach to the
diagnosis of hip and pelvis pain and dysfunction that hopefully
is easily applicable to your daily activities as a practitioner. Most
importantly, we hope that the material contained within this book
helps you provide improved care, satisfaction, and function for
your patient athletes.

Jimmy D. Bowen
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Chapter |
Epidemiology of Hip
and Pelvis Injury

Brandon Larkin

CLINICAL PEARLS

e Injuries to the hip and pelvis are common among both athletes
and the general population.

e The incidence and etiology of hip and pelvis injury vary
depending on patients’ age, gender, and the sport in which they
participate.

e Hip and pelvis injury and pain are most common in adolescents
and older adults.

e Explosive and contact sports carry the highest risk of hip and
pelvis injury.

e Women are twice as likely to suffer from hip pain as men.

CASE REPORT: PRESENTATION

Chief Complaint and History

A 17-year-old female high school basketball player presents with
pain in the lateral aspect of the right hip that radiates down the lat-
eral thigh. She reports a painful “snapping” sensation as she runs
down the court. Initially, she noted this pain only while running
during practices and games, but it has recently begun to bother
her during normal ambulation.

Physical Examination

Examination of the right hip reveals no obvious deformity. There
is tenderness to palpation of the greater trochanter. Range of
motion of the hip is full in flexion, extension, abduction, adduction,

P.H. Seidenberg and J.D. Bowen (eds.), The Hip and Pelvis in |
Sports Medicine and Primary Care, DOI 10.1007/978-1-4419-5788-7_1,
© Springer Science+Business Media, LLC 2010



2 B.LARKIN

internal rotation, and external rotation. While lying on the left side,
passive internal and external rotation of the right hip reproduces
symptoms. There is a positive Trendelenberg test bilaterally.

INTRODUCTION

Hip and pelvis injuries are typically not the most common etiology
for pain in lower extremity in athletes or in the general population.
However, many of these conditions carry significant associated mor-
bidity that makes them important in the scope of musculoskeletal
care. Diagnosis is often challenging, as hip and pelvis pain is often
secondary to numerous pathologic processes. Twenty-seven to ninety
percent of patients presenting with groin pain are eventually found to
have more than one associated injury.! In children and adolescents,
those with hip pain have a higher prevalence of pain in the lower
back and lower extremity joints, further clouding the diagnosis.?
Additionally, in patients presenting with hip pathology, the hip is not
initially recognized as the source of pain in 60% of all cases.? An indi-
vidual’s predisposition to injury and the type of injury sustained vary
greatly on the basis of age and type of recreational activity.

Hip pain is often caused by sports-related injury. Ten to twenty-
four percent of injuries sustained during athletics or recreational
activities in children are hip related,* and 5-6% of adult sports inju-
ries originate in the hip and pelvis.>*> Pain may result from either
acute injury or chronic pathology due to excessive or repetitive
activity that places significant demand on the hip and pelvis. The
hip bears a tremendous burden during typical weight-bearing activ-
ities of daily living. Hip loading is further increased by up to 5-8%
during exercise, leading to elevated risk of injury.® As a significant
element of the body’s core musculature, the pelvis also provides an
important biomechanical foundation for the lower extremities and
is often a hidden contributor to pain in more distal joints.

This chapter will consider the incidence of hip and pelvis pain
and injury in the general population as well as in selected subsets.
It will also discuss factors that have been shown to increase the
risk of injury to this region, including both anatomic features and
characteristics of specific sport participation.

AGE

The age of the patient is the single most important factor in deter-
mining the etiology of hip and pelvis pain. In very young children,
there is rarely a significant acute injury, but several common
orthopedic entities involving this region may initially present with
exercise-associated pain. As a child grows, skeletal development
occurs in a predictable pattern with the appearance of apophyses
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and epiphyses and their eventual fusion. During growth, these are
areas of relative weakness, and avulsion injuries to the developing
apophyses are more common than those involving the musculo-
tendinous unit. During adolescence, ossification continues, but
the immature skeleton remains more prone to injury as the high
physical demands of sports participation exceed the capacity of
the musculoskeletal system. Additionally, rapid increases in mus-
cular power related to hormonal changes accentuate the mismatch
between muscular and physeal strength.

In children and adolescents, the most common disorder that
causes hip pain is transient synovitis. In addition, Legg—Calve—
Perthes disease has been shown to have an incidence of 1.5-5
per 10,000 children of ages 2-12 years. Slipped capital femoral
epiphysis, with an incidence of 0.8-2.2 per 10,000, is also an oft-
encountered etiology for hip pain that usually presents in the early
adolescent period. Developmental hip dysplasia, noted in 1.5-20
cases per 1,000 births in developed countries depending on the
diagnostic modality used and timing of the evaluation, may lead
to hip pain later in life.? Each entity should be considered not
only in the investigation of hip pain in the limping child, but also
in complaints of knee pain in this population. Each is discussed
further in this text. (Please see Chap.7 — Hip and Pelvis Injuries in
Pediatrics and Adolescence).

The epidemiologic data regarding incidence of hip and pelvis
injury in children have been studied at length, often in association
with investigation of injury incidence at other anatomical sites.
Data have been further divided into acute and chronic injury,
with acute injury occurring much more commonly in this popula-
tion. In retrospective studies, injuries to hip and thigh in children
encompassed 17-25% of all acute, but only 2.2-4.8% of chronic
injuries.” Sports injuries to the hip and groin have been noted in
5-9% of high school athletes.!

Investigation involving primary school through high school-
aged individuals in the general population has found an incidence
of hip pain in 6.4%.?> This can be further divided into 4% in the
primary school-aged population, compared with 7.8% in the high
school group. These data portend a higher risk in the older child
of suffering from hip pain. Interestingly, in the same study, 2.5% of
the subjects were found to have clinical evidence of hip pathology
on examination, the most commonly noted findings being pelvic
obliquity, limb length discrepancy, and snapping hip. In only 0.6%
of those who reported hip pain was any pathology noted by a phy-
sician on physical examination. This may suggest that objectively
dysfunctional hips are relatively common in the school-aged and
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adolescent population, but that these pathologic features do not
typically result in pain. One may further conclude that most hip
pain in this population is functional, as examination findings are
typically lacking in those who do report pain.

Among adults, the spectrum of hip and pelvis injury evolves.
As these patients age, the risk of pain from hip osteoarthritis
increases substantially. The prevalence of hip and pelvis pain in
adults from all etiologies ranges from 2.8% to 22.4%, and reports
of pain tend to increase with age.? Over the age of 60, fully 14.3%
of adults report significant activity limiting hip pain.?

SPORT

Participation in athletic activity of any kind has been shown to
increase the risk of hip and pelvis injury, as well as the eventual
development of hip osteoarthritis.” Men with high long term expo-
sure to sports had a relative risk of developing hip osteoarthritis of
4.5 when compared to those with lower exposure.’ In those with
exposure to high physical loads from both sports and occupation,
the relative risk increased to 8.5 for the development of hip oste-
oarthritis when compared to those with low physical loads in both
activities.’

Overall, hip and groin injuries are more prevalent in athletes
participating in explosive or contact sports.” Such injuries are
seen in a wide variety of sports, including those that feature cut-
ting activities and quick accelerations and decelerations, such
as football and soccer, those with repetitive rotational activities,
such as golf and martial arts, as well as dancing, running, and
skating.!®

By far, dancers possess the highest incidence of hip and pelvis
injury among athletes. Ballet dancers are at particularly high risk,
as most studies note that the hip is implicated in between 7% and
14.2% of all injuries in this population.!® Often, these athletes
substitute proper technique with exaggerated external rotation
of the lower extremity, placing further stress on the hip joint and
pelvis.

Runners and soccer players are also at higher risk than other
athletes. The incidence of hip and groin injury in these partici-
pants has been found to be 2-11% and 5.4-13%), respectively of all
reported injuries.* The most common injuries that involve these
sites in runners are adductor strains and iliac apophysitis.!! The
injuries to the groin in soccer athletes fall on a spectrum, and may
range from mild adductor and hip flexor strains to the often debili-
tating “sports hernia.” A common etiology for groin injury is the
adductor strain, where the leg is overstretched at the groin while
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the hip is abducted and externally rotated, sometimes against an
opposing force, such as the ground or an opponent.

Seven percent of all injuries to participants in high school
football involve the hip and thigh, compared to 20% involving the
knee and 18% involving the ankle.'? Injuries such as hip pointers
and thigh contusions are common in this population. Track and
field, rugby, martial arts, and racket sports have been implicated
as being hazardous to the hip joint itself, specifically for the later
development of hip osteoarthritis.3°

GENDER

Injuries of the hip and pelvis are more commonly suffered by
women in direct comparisons with men, regardless of age or sport.
Most studies note incidences of hip pain in women that are twice
that in men. In a study of primary and high school-aged children,
8.2% of all girls reported hip pain, compared with 4.4% of the
boys.? In the adult population, the risk of hip pain in women is
more than double that in men.3!3

In a comparison of injuries in high school basketball athletes,
injuries to the hip and thigh ranked third in female students com-
pared with fourth in male students. Incidences of ankle and knee
injuries were much more common in both groups, with facial
injuries also more common than hip and thigh injuries in boys.!'*
Isolated injuries of the pelvis were noted in less than 1% of both
genders.

The etiology of the increased incidence of hip pain in women
is likely because of both anatomic and functional factors. The
anatomic differences of the lower extremities in women are well
described in the literature. Regarding the hip, larger femoral
anteversion may predispose women to hip pain. Furthermore,
during running, female subjects have a higher degree of hip
abduction, hip internal rotation, and knee abduction compared to
men.>! This increased motion is likely to at least partly contrib-
ute to higher injury statistics in this region. In addition, acquired
anatomic laxity secondary to hormonal changes in pregnancy may
contribute to increased incidence of hip and pelvis complaints in
women.

CASE REPORT: CONCLUSION

Assessment and Plan

The athlete is diagnosed with external snapping hip syndrome,
characterized by subluxation of the iliotibial band over the greater
trochanter of the femur. Additionally, she exhibits signs of core
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weakness, which partly contributes to her symptoms. A physical
therapy regimen addressing core strengthening and stabilization
and iliotibial band flexibility is instituted. Corticosteroid injection
into the greater trochanteric bursa can be considered if relief is not
obtained through therapy alone.

SUMMARY

As this chapter has discussed, injury to the hip and pelvis is preva-
lent in all populations, from the very young to the elderly, among
athletes in numerous sports, and in men and women. In the chap-
ters that follow, specific entities affecting this often diagnostically
challenging anatomic location will be further explored, including
appropriate workup and management strategies that are useful
to not only the sports medicine physician but the primary care
physician as well.
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Chapter 2
Physical Examination of the
Hip and Pelvis

Devin P McFadden and Peter H. Seidenberg

CLINICAL PEARLS

e Hip and pelvis injuries are common in both sports medicine and
primary care practices.

e The hip and pelvis are often viewed as a “black box” because of
the complex anatomy and overlapping pain referral patterns.

e Use of a systemic physical examination will assist the clinician
in demystifying this region of the body and narrowing the dif-
ferential diagnosis.

e A thorough lower extremity neurologic examination should be
included in the evaluation of the hip and pelvis.

e Special tests are used in concert to gather a more complete picture
of the patient’s biomechanical deficits.

CASE REPORT: PRESENTATION

Chief Complaint and History

T.R. is a 20-year-old male NCAA Division I cross-country runner
who presents to the sports medicine clinic complaining of “right
hip dislocation.” He has noticed lateral hip pain over the past
2 months which has been gradually increasing in severity. He states
that it feels as though his hip is “going out of place.” Initially, the
patient noticed the pain only at the end of a run. Now, he com-
plains of a constant dull ache that sharpens during runs. He has
no radiation of the pain and no complaints of paresthesias. His
running shoes are only 2 months old, and he used his prior pair
for only 4 months. A change to his training regimen — the addition

P.H. Seidenberg and J.D. Bowen (eds.), The Hip and Pelvis in 9
Sports Medicine and Primary Care, DOI 10.1007/978-1-4419-57838-7_2,
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10 D.P. MCFADDEN AND P.H. SEIDENBERG

of hill workouts — corresponded to the onset of his pain. His first
scheduled meet of the season is in 4 weeks.

He denies fevers, chills, night sweats, anorexia, and weight
loss. He has no gastrointestinal symptoms or genitourinary symp-
toms. He denies a history of back pain.

He has no personal history of cancer. He had a left distal tibial
stress fracture, and 2 years ago that healed without complication.
There is no family history of cancer or rheumatologic disorders
other than osteoarthritis in his grandparents.

T.R. takes ibuprofen prn. He is a non-smoker, uses alco-
hol socially, and does not use recreational drugs or dietary
supplements.

Physical Examination Results

T.R.s vital signs are within normal limits. He is a well developed,
well nourished, Caucasian man. He is in no acute distress, alert,
and oriented to person, place, and time with normal affect.

The abdomen is non-distended and non-tender, with normal
active bowel sounds. There is no abdominal mass.

A back examination reveals no tenderness to palpation of the
lumbar spinous or transverse processes. There is no sacroiliac
(SI) joint tenderness and no tenderness of the lumbar muscula-
ture. The back demonstrates full range of motion in all planes and
the Stork test is negative. No pelvic obliquity is present.

On neurological examination, T.R. demonstrates normal
gait, mildly positive Trendelenburg on left and grossly positive
Trendelenburg on right. The straight leg raise is negative, and
hip abduction strength is 4+/5 right and 5/5 left. The remainder
of lower extremity strength testing is 5/5 bilaterally, sensation is
intact, and lower extremity reflexes are +2 and symmetrical.

Right hip examination reveals no obvious deformity. T.R. is
able to reproduce an audible, palpable pop by flexing and abducting
the hip. Log roll is negative. Hip range of motion tests’ results are
as follows:

Extension: 20° bilaterally

Flexion: full bilaterally

Abduction and adduction: equal and full bilaterally

Internal rotation and external rotation full and equal bilaterally.

There is no tenderness at the anterior superior iliac spine
(ASIS), anterior inferior iliac spine (AIIS), ischial spine, iliac
crest, or lesser trochanter. There is tenderness just posterior
to the greater trochanter. Ober’s test is positive; Stinchfield,
piriformis, and Gaenslen’s tests are negative. Leg lengths are equal.
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The FABER (Flexion, ABduction, External Rotation), modified
Thomas, and Ely’s tests are all negative. The popliteal angles are
equal at 30° bilaterally.

INTRODUCTION

Hip and pelvis injuries are seen commonly in sports medicine and
primary care clinics. In fact, certain groups of athletes such as
runners, dancers, and soccer players have been identified as being
at particularly high risk of injuring these regions,' likely second-
ary to the extremes of motion and high-level forces exerted on
the hip during participation in these sports. Studies suggest that
up to 10-24% of all pediatric patients as well as 5-6% of all adult
patients presenting with musculoskeletal complaints have involve-
ment of the hip.! Yet despite the commonplace nature of hip and
pelvis injuries, many still view the evaluation of this area as a pro-
verbial “black box.” Such a view may result from the combination
of complex anatomy and overlapping pain referral patterns that
often present as hip complaints. As such, the clinician is required
to maintain a broad differential diagnosis of both musculoskeletal
and non-musculoskeletal etiologies. The following chapter strives
to arm the reader with a systematic method for evaluation of this
potentially intimidating area.

ANATOMY

The hip derives its stability from the fact that, unlike the shoulder,
it is a true ball-and-socket joint, with the femoral head held snugly
in place by the pelvic acetabulum. Yet despite its stable construc-
tion, the hip maintains a considerable deal of flexibility in the
frontal, sagittal, and transverse planes of motion. Because of its
unique design, the partially spherical articulation of the femoral
head with the acetabulum is ideally designed to receive and dis-
tribute the forces of daily activity, which studies have shown can
range from three to five times the patient’s bodyweight with simple
tasks such as walking or running.?

The bony joint of the hip is derived from the articulation of the
head of the femur and the convergence of the ilium, ischium, and
pubis bones of the pelvis to form the acetabulum. These bones,
which are commonly referred to as innominate bones, collectively
comprise the “hip bone.” Like the shoulder, the articular surface of
the acetabular cartilage possesses a thickened rim, or labrum, at its
periphery which serves to deepen the acetabulum and lend addi-
tional support without significantly sacrificing flexibility. When
one considers the extra support provided by the three ligaments
which surround and enmesh the joint capsule as well as the small
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ligamentum teres which connects directly to the femoral head, it is
easy to see why the hip is one of the most stable joints in the body.?
The innominate bones also articulate anteriorly at the symphysis
pubis, while the posterior articulation of the pelvic girdle is com-
pleted by the sacrum and coccyx, providing the connection of the
distal appendicular skeleton to the axial skeleton and torso.

The muscular anatomy of the hip is typically divided for sim-
plicity into the medial adductor region, the anterior flexor region,
the lateral abductor region, and the posterior extensor region.
This breakdown oversimplifies the muscular anatomy insofar as
such a strict classification does not take into account the ability
of the hip to internally and externally rotate. However, it serves as
a convenient way to conceptualize the cooperative muscle groups
that mobilize the hip joint. When evaluating the individual mus-
cles, it is important to remember that the musculature of the “hip”
includes origins as proximal as the lumbar spine and insertions as
far distal as the tibia. The major muscles from each of the cardi-
nal groupings and their respective functions will be discussed in
greater detail later in this chapter.

HISTORY

One of the primary difficulties in definitively diagnosing a patient
who presents with hip pain is the sheer number of possible sources
of this seemingly simple complaint. Aside from the articulation of
the femur and acetabulum (i.e., hip joint proper), potential causes
of pain include a variety of local bony and soft tissue sources, sev-
eral potential peripheral nerve palsies, and radiculopathies refer-
ring pain from the lumbar spine. In light of the many potential
etiologies of hip pain, it is important to consider a broad differen-
tial diagnosis before devising a treatment strategy.

Further complicating matters is the significant effect of age
on the differential diagnosis of hip pain. Developmental dyspla-
sia of the hip, Legg-Calve-Perthes disease, and slipped capital
femoral epiphyses all have their own classical age ranges for pres-
entation in the pediatric population (see Chap.7).* In addition, a
mechanism of injury which likely would cause tendinopathy at
the musculotendinous junction in a skeletally mature individual is
far more likely to cause an apophysitis or apophyseal avulsion
fracture in children or adolescents with open growth plates as their
tendons are frequently stronger than the apophyses to which they
attach. Fortunately, the incidence of all the previously cited pedia-
tric hip disorders decreases as a patient reaches skeletal maturity.>
Because of these variables, accurate assessment of both the patient’s
chronologic and physiologic age is an elementary yet essential part
of any evaluation of the hip.
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Systemic causes of intra-articular hip pathology, such as
transient synovitis and septic arthritis, are also more common in
pediatric populations. Such examples illustrate the importance
of assessing constitutional symptoms as well as musculoskeletal
complaints.®” Non-musculoskeletal diseases, particularly those
involving the genitourinary and gastrointestinal systems (e.g.,
pelvic inflammatory disease, appendicitis), have also been known
to masquerade as vague hip discomfort. A final yet critical point
entails the possible diagnosis of cancer, as hematopoietic and
metastatic tumors frequently invade the hip region,® making the
presence of a long-standing limp or recent weight loss an integral
part of the patient history.

Despite the complex interplay of biomechanical, develop-
mental, and systemic contributions to “hip pain,” the responsible
healthcare practitioner should find that a detailed, thorough, and
systematic history and physical examination can efficiently nar-
row an initially broad differential diagnosis.

As with any musculoskeletal complaint, the patient presenting
with hip pathology should always be questioned regarding the
onset, provoking and alleviating factors, quality, radiation, severity,
and timing (duration) of symptoms (OPQRST). Characterization
of the pain as sharp or dull, constant or intermittent, severe or
mild can also be helpful. Other historical points of emphasis
should include the presence or absence of neurological signs and
symptoms and a clear description of any clicking or snapping of
the joint.

One of the primary objectives of the history with any joint
complaint should be to determine whether the injury is acute,
chronic, or acute-on-chronic in nature. Detailed questions regard-
ing athletic involvement, exercise habits, training regimen and
modifications, equipment use, and nutritional practices often
yield useful information to help elucidate the mechanism of injury.
One must also inquire about any previous or concurrent injuries
sustained to the back or lower extremities, as injury to either the
ipsilateral or contralateral leg, knee, ankle, or foot can cause a
compensatory alteration to gait pattern and potentially contrib-
ute to sustained hip pain (see Chap.3).° Once one determines the
nature of the injury, considering the progression or regression of
symptoms along with behavioral modifications preceding those
changes may help unmask the precise biomechanical “culprit”
of the disease process, which is an imperative step in healing the
“victim” and preventing recurrence.

The presence of radiating symptoms can be helpful in accurately
diagnosing hip pain as well. The hip serves as a conduit through
which all the nerves innervating the lower extremity must pass;
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as such, it is a frequent location of nerve injury. The surface area
and skin distribution affected can vary widely with these com-
plaints and should be definitively delineated to ensure an accurate
diagnosis. Sciatica presents with its classic nerve impingement
syndrome, but smaller nerves such as the ilioinguinal nerve may
also be damaged and should also be included in the differential
diagnosis. If neurological symptoms are present, the healthcare
professional must differentiate between functionally-predominant
and sensory-predominant symptomatology and pursue an imme-
diate diagnosis more aggressively when functional decline is
apparent (SOR-C).

Finally, the value of an accurate past medical history and
medication list must never be underestimated, as a history of
osteoporosis or recent steroid treatment, for example, can alter the
differential diagnosis and treatment plan significantly.

PHYSICAL EXAMINATION

The evaluation of hip complaints should begin before the physician
has even entered the room. An astute physician can gather vital
information simply by observing the patient’s affect, posture, and
gait pattern as he or she is escorted to an exam room. In doing so,
the physician should be able to identify obvious muscular atrophy
or weakness, pelvic obliquity, and abnormal scoliotic or lordotic
curves resulting in gross postural abnormalities.'® Knowledge of
normal gait biomechanics and frequently encountered compensa-
tory reactions to traditional disturbances is essential for integrating
this information into the clinical picture (see Chap.4). For example,
a patient with a Trendelenburg gait most likely has hip abductor
weakness, but the cause may also be related to a tight iliotibial
band or coxa externa saltans (snapping hip).° Likewise, a hyper-
lordotic lumbar curve may indicate a compensatory reaction
employed to preserve balance in a patient with flexion contractures
of one or both hips.

Range of Motion

Range-of-motion testing can be very informative and, therefore,
should constitute a distinct part of the standard hip exam. Normal
parameters for range of motion have been well defined, giving
the practitioner a reliable standard against which to compare col-
lected data (Table 2.1). When performing this portion of the exam,
it is important to pay special attention to abduction and internal
rotation, as these are the most commonly compromised motions
in many pathological conditions involving the hip (SOR-C).
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TABLE 2.1. Normal parameters for hip range of motion'’

Motion  Flexion Extension Abduction Adduction Internal External
Rotation Rotation
Range 110-120 0-15 30-50 30 30-40 40-60
in
degrees

FIGURE 2.1. Internal rotation.

The majority of the range-of-motion testing can easily be
performed with the patient supine. One can assess internal and
external rotation by having the patient lying with his or her legs
slightly separated and passively rolling the entire lower extremity
as if performing a log roll. An alternate method involves flexing the
patient at the knee and rotating the leg around the vertical axis of
the femur (Fig. 2.1 and Fig. 2.2). This method may make measure-
ments easier, but it is important to remember that pivoting the
ankle in one direction causes the hip to rotate in the opposite plane.
For example, moving the ankle laterally, while using this method,
causes internal rotation at the hip. Abduction (Fig. 2.3) and adduc-
tion (Fig. 2.4) are performed by anchoring the patient’s pelvis with
one hand while moving one leg at a time through the transverse
plane with the other. When the hip begins to rotate (despite the
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FIGURE 2.2. External rotation.

FIGURE 2.3. Abduction.
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FIGURE 2.4. Adduction.

added support provided by the examiner) the full range of motion
in that plane has been reached. Hip flexion should be tested in the
supine position by having the patient draw both knees to his or
her chest, as flexion at the knee eliminates hamstring tightness as
a potential limiting factor for this exam. Extension, on the other
hand, is best performed with the patient in the prone position by
raising the selected thigh from the exam table (Fig. 2.5).

Palpation

Palpation constitutes another significant portion of the exam. The
musculature, tendinous origins and insertions, bony prominences
(e.g., the greater trochanter), bony articulations (including the
SI joint (Fig. 2.6) and pubic symphysis), bursae, and apophyses
all must be palpated to the extent possible. The examiner must
be attentive to any snapping or popping throughout the range of
motion. While this usually indicates benign tendinous friction over
a bony prominence, it can at times indicate an intra-articular lesion
or free-floating loose body.!! This information may be obtained by
palpating the portion of the joint being assessed with the free hand
while performing the range of motion testing as detailed above.
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FIGURE 2.5. Extension.

FIGURE 2.6. SI joint palpation.
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Neurologic Testing

The hip and pelvis channel numerous nerves from the back to the
groin and lower extremity. Accordingly, a thorough neurologic
exam is essential even when neurological involvement is not sus-
pected. Strength testing of the lower extremity must include each
of the major muscle complexes that mobilize the hip and knee. As
described previously, these muscle complexes can be divided into
four cardinal muscle groups: the flexors (e.g., iliopsoas and rectus
femoris), the extensors (e.g., gluteus maximus and hamstrings),
the abductors (e.g., gluteus medius and gluteus minimus), and the
adductors (e.g., adductor longus, adductor brevis, adductor mag-
nus, pectineus, and gracilis.) Strength should then be graded on a
scale from 1 to 5 (Table 2.2).

After palpating the muscle bellies and tendinous junctions
of the individual muscles, the examiner may proceed to test the
strength of each muscle grouping. In order to test the flexor group,
the examiner places his or her hand over the seated patient’s thigh
and asks the patient to push upward against his or her hand while
offering resistance. Similarly, to test the hip extensors, the patient
is placed in a prone position and instructed to raise his or her thigh
from the exam table as resistance is applied from behind the knee.
Abduction and adduction may be assessed from the supine position
with knees extended. The patient is instructed to separate the legs
as the examiner offers resistance from the lateral malleoli and then
to squeeze the legs together as resistance is applied to the medial
malleoli. These latter tests may also be performed with the patient
in the lateral decubitus position with the hips neutral. In this sce-
nario, the patient is instructed to abduct the upper thigh to 30° and
strength testing proceeds as above for the elevated leg (Fig. 2.7).
The authors suggest that this technique may offer a greater degree
of sensitivity to subtle deficits of strength (SOR-C).

TABLE 2.2. Strength testing values

Strength test value Meaning of the value

1/5 No signs of muscle firing

2/5 Visible twitching or fibrillations of the contracted
muscle group without any movement

3/5 Active movement when gravity is eliminated

4/5 Active muscle activity against resistance with

decreased strength
5/5 Indicating normal strength
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FIGURE 2.7. Abduction strength testing.

Special Tests

One may employ a number of special tests to narrow the differential
diagnosis after history, range-of-motion testing, neurologic testing,
and palpation have been completed. Despite variability in sensiti-
vity and specificity, as well as significant crossover, such tests can
be helpful when employed within the context of the previously
obtained information.

Trendelenburg’s sign is a test used to determine whether the
patient has adequate hip abductor strength, particularly of the
gluteus medius. To perform this test the patient is instructed to
stand on both feet and slowly raise one foot off of the ground
without additional support. If the patient has adequate abduc-
tor strength, then the iliac crest of the raised leg should remain
parallel with or elevated slightly in relation to the contralateral
side (Fig. 2.8). In addition, the patient should maintain an upright
posture without significant tilt of the upper trunk, which would
indicate a compensatory mechanism to help the patient maintain
his or her balance (Fig. 2.9). A positive Trendelenburg sign is
defined as either a compensatory tilt of the torso (vide supra) or
a drop of the contralateral iliac crest (Fig. 2.10), indicating that
the ipsilateral hip abductors are unable to contract with adequate
force to maintain a level pelvis. Instability of the pelvis from
other etiologies may also create a positive Trendelenburg’s sign
resulting from increased tensile forces on the bony structures of
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FIGURE 2.8. Negative Trendelenburg sign.

the hip. Therefore, diagnoses causing pelvic instability, such as
Legg—Calve-Perthes disease or acetabular fractures of any etiology,
may be considered as alternate causes of a positive test.'?

The FABER test, sometimes referred to as Jamsen’s test or
Patrick’s test, was designed to isolate hip joint, SI joint, or iliopsoas
pathology. The most commonly used name of this test is an acro-
nym for the positioning of the hip during the test (i.e. FABER).
The patient lies supine and one leg is placed in a flexed, abducted,
externally rotated position, as if creating the number 4, with
the foot of the leg being tested resting on the contralateral knee
(Fig. 2.11). From this position, the examiner places gentle down-
ward traction on the ipsilateral knee. Pain or a decreased range of
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motion indicates a positive test. A study by Broadhurt and Bond
published in 1998 demonstrated a sensitivity of 0.77 and specificity
of 1.0 when using the symptom of SI pain during the FABER test
to indicate SI dysfunction.!" The examiner should note, however,
that a restricted range of any of the individual planes of motion
being tested in the FABER results in decreased specificity of the
test, as any individual restriction would be expected to decrease
range of motion in this composite motion exam as well, thereby
leading to false positive results.!3!

Ober’s test is useful for evaluating the iliotibial band, tensor
fascia lata, and greater trochanteric bursa. The patient is placed in
a lateral decubitus position with hips and knees each flexed to 90°.
Initially, the examiner passively abducts and extends the upper leg
until the thigh is in line with the torso, followed by passive adduc-
tion until the extremity returns to a natural position (Fig. 2.12).
A positive test is indicated by a leg maintained in relative abduction,
in contrast to a negative test in which the leg may rest on the table
without causing significant discomfort.!> Inflexibility indicated by
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FIGURE 2.10. Positive Trendelenburg sign.

a positive test suggests excessive tightness of the iliotibial band,
whereas focal pain overlying the trochanter points towards a possible
trochanteric bursitis.

The Thomas test'’ and modified Thomas test are used to assess
hip flexor flexibility, particularly of the iliopsoas muscle. To
perform the Thomas test, the patient is placed in a supine posi-
tion and instructed to flex one leg and pull it to the chest. A
flexion contracture would be indicated by passive flexion of the
contralateral straight leg lifting off of the exam table (Figs. 2.13
and 2.14). A more informative version, the modified Thomas test,
is performed by having the patient sit on the end of the exam
table and pull a single leg to his or her chest. The patient is then
instructed to lie back on the exam table while maintaining the
knee against the chest wall, as the examiner watches carefully to
insure that the patient does not fall. Once again, a flexion contrac-
ture of the iliopsoas is indicated by the contralateral thigh rising
off of the table. In the modified Thomas, however, the patient may
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FIGURE 2.11. FABER test.

also demonstrate a rectus femoris contracture via extension of the
contralateral knee from its passively flexed position, making this
a higher-yield test.!?

The piriformis or FAIR (flexion, adduction, internal rotation)
test is performed with the patient in the lateral decubitus posi-
tion, with the upper leg flexed to 60° and the lower leg maintained
in full extension. The examiner places one hand on the patient’s
shoulder and, with the other hand, exerts mild pressure on the
flexed leg at the knee. A positive test is defined as classical “shoot-
ing” pain elicited by direct impingement of the sciatic nerve by
the tight piriformis muscle. In 1992, Fishman and Zybert showed
that when used to demonstrate sciatic nerve impingement, these
symptoms have a sensitivity of 0.88 and a specificity of 0.83 in
comparison to electrodiagnostic studies as a gold standard.'® It is
important to distinguish this classical description, however, from
other sources of pain which may result from the added pressure
placed on the hip joint during the exam.
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FIGURE 2.12. Ober test. (A) Start (B) End.

The Log Roll test'” is a simple but useful test for demonstrating
acetabular or femoral neck pathology. To perform the test, the
practitioner passively internally and externally rotates both fully
extended legs of the supine patient. Pain in the anterior hip or
groin is considered positive. When significant bony injury is sus-
pected, this test can be used to offer a preliminary assessment of
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FIGURE 2.13. Negative Thomas test.

FIGURE 2.14. Positive Thomas test.

bony integrity in order to guide subsequent exam maneuvers and
minimize risk of further injury (SOR-C).

The Stinchfield test is performed with the patient in the supine
position with the symptomatic hip flexed to 20° and the knee main-
tained in full extension. A gentle downward pressure is then exerted
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FIGURE 2.15. Stinchfield test.

on the distal end of the elevated leg (Fig. 2.15). Pain in the anterior
hip or groin indicates a positive test and may suggest femoral frac-
ture, acetabular injury, or osteoarthritis of the affected hip.'®

Ely’s test is used to assess the flexibility of the rectus femoris.
To perform this test, the patient is instructed to lie in the prone
position with legs fully extended. The examiner then passively
hyperflexes the knee to the extreme of its range of motion taking
care to avoid rotation or extension of the hip joint, and observes
the ipsilateral hip for vertical separation from the exam table
(Fig. 2.16). If the hip is forced to lift off of the table, then the test
is considered positive, suggesting a rectus femoris contracture.
Again, the examiner must cautiously avoid any extension or rota-
tion of the hip which can cause false positive results by eliciting
pain from other areas.?

The straight leg raise test classically has been used in descrip-
tions of patients suffering from lumbar herniated disk disease, but it
can also be used to differentiate various types of hip pathology from
those of gluteal etiology. To perform the exam, the patient is placed
in a supine position, and the examiner passively flexes (raises) one
leg at a time while maintaining full extension at the knee. If the
patient experiences pain or is too inflexible to perform an adequate
exam, then the knee may be slightly flexed and continued flexion of
the hip attempted. If the examiner is unable to further flex the hip
despite this modification, then a pathology of the buttock such as
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FIGURE 2.16. Ely’s test.

ischial bursitis or an abscess, rather than intra-articular hip pathol-
ogy, is likely. Pain radiating distally in either leg represents a positive
test and suggests some form of sciatic nerve irritability, either at the
level of the piriformis or possibly at the site of a more proximal lum-
bar disk herniation. A meta-analysis by Vroomen and Knottnerus in
1999 suggested that the ipsilateral straight leg raise was the most
sensitive physical exam maneuver used to rule out a herniated disk,
with a pooled sensitivity of 0.85 compared to a specificity of just
0.52.'° The contralateral straight leg raise, on the other hand, was
the most specific exam technique for identification of a herniated
disk, with a specificity of 0.84 in contrast to its poor sensitivity of
0.30.'° For this reason, when used, the straight leg raise should
always be evaluated bilaterally (SOR-B).

An accurate leg length assessment is critical in the evaluation
of hip pain, as a significant discrepancy sometimes may represent
a masked “culprit” masquerading as secondary pathology. These
secondary problems, or “victims,” are destined to recur unless
the primary etiology is addressed appropriately. While it may be
difficult for the practitioner to definitively diagnose an anatomic
leg length discrepancy,?’ it is equally important to make the diag-
nosis of a functional leg length discrepancy due to its effects on
the athlete’s kinetic chain. One proposed method for determining
anatomical leg length requires the patient to stand fully erect with
his or her feet 6-8 in. apart as the examiner measures the distance
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from the ASIS to the medial malleolus of each lower extremity.?°
Confounding factors such as the patient shifting weight to alleviate
pain and the potential for asymmetrical soft tissue distribution,
however, sometimes decrease the reliability of the obtained meas-
urements. In addition, even in cases in which the measurements
are reliable, this method offers no information as to where the
discrepancy arises, thus limiting its clinical utility.

The Weber-Barstow maneuver was subsequently designed to
address these limitations. In this technique, the patient is asked
to lie supine with both knees and hips flexed to approximately
45°. The patient is then instructed to reset the pelvis by pushing
off of the table and gently lowering himself or herself back down
(Fig. 2.17). The examiner can then assess the length of the femur
and tibia individually by aligning the medial malleoli and examin-
ing the profile of the knees from both the front and side. A vertical
discrepancy between the level of the knee joints most visible from
the front would indicate a discrepancy of the structures distal to
the knee (i.e., tibia), while an anterior—posterior discrepancy more
apparent from the lateral view indicates that the discrepancy lies
proximally (i.e., femur). After making these observations, the
examiner then passively extends the knees and uses the medial

A

FIGURE 2.17. (A) Start for resetting the pelvis for leg length evaluation.
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B

FIGURE 2.17. Continued (B) Pelvic bridge for resetting pelvis.

FIGURE 2.18. Measuring position for Weber-Barstow maneuver.

malleoli as landmarks to indicate whether a discrepancy appears
to be present (Fig. 2.18). Similarly, the examiner can compare the
position of the patellas and ASISs to evaluate for proper and sym-
metrical body alignment.
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The prone knee flexion test can be used as a confirmatory exam-
ination when the Weber-Barstow suggests that a discrepancy may
exist. It is performed with the knees flexed to 90° and the patient
in a prone position. The clinician’s thumbs are placed transversely
across the soles of the feet distal to the calcaneus bilaterally, and
the heights of the thumbs are compared. A discrepancy in thumb
position would suggest a tibial length discrepancy. Unfortunately,
the inter-examiner reliability of the prone knee flexion test has
only been found to be 0.21-0.26.%1%2

The supine to sit test or long sitting test is employed to dif-
ferentiate functional versus anatomical leg length discrepancy. To
perform this test, the patient is placed in the supine position with
legs fully extended and the medial malleoli aligned. The patient
is then instructed to rise to a sitting position without moving his
or her legs. The examiner observes this motion, paying particular
attention to the medial malleoli. If the patient is unable to rise
without one leg shifting proximally to the other, then there is likely
some degree of pelvic dysfunction or malrotation contributing to
any discrepancy present (Fig. 2.19). Bemis and Caniel evaluated 51
asymptomatic individuals and found the test to have a sensitivity
of 0.17 and specificity of 0.38.23 However, a limitation of this study
was that all of the subjects were asymptomatic.

The standing flexion test is also used to assess for pelvic dys-
function. The posterior superior iliac spines are palpated while the
patient stands vertically and then maximally flexes at the waist.
A positive test is marked by migration of one side cephalad (crani-
ally) and suggests SI joint hypomobility. Cohort studies have found
inter-examiner reliability of the standing flexion test to range from
0.08 to 0.68.2!24-28

The Gillet test is another assessment of the SI joint. The patient
stands with feet separated by about a foot, and the examiner’s
thumbs are again placed on the posterior superior iliac spines.
The patient is then instructed to balance himself or herself on a
single leg while pulling the opposite leg toward his or her chest wall.
The maneuver is performed bilaterally, and a positive finding is
noted if the posterior superior iliac spine on the flexed side migrates
vertically or remains still, indicating inadequate SI flexibility or
hypomobility. Dreyfuss et al. determined the sensitivity and specifi-
city of this particular test to be 0.43 and 0.68 respectively making it
a poor screening tool if SI dysfunction is suspected.?”

The Gaenslen sign is also used to elicit symptoms of SI dis-
orders. This test is performed by positioning a supine patient on
the edge of the table with both legs flexed to his or her chest. The
patient is then instructed to allow the outside leg to hang off of
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N

FIGURE 2.19. Long-sit test. (A) Supine and (B) Seated.

the side of the table as the examiner stabilizes the patient’s torso.
Pain in the SI region with this maneuver indicates a positive
test. Sensitivity and specificity of this test have varied widely in
multiple studies, with ranges from 0.21 to 0.71 and 0.26 to 0.72
respectively.?%30

Craig’s test'’ is used to test for femoral torsion. The normal
range of femoral anteversion, or forward projection of the femoral



2. PHYSICAL EXAMINATION OF THE HIP AND PELVIS 33

neck, changes throughout life from an average range of 30-40° in
infants to 8-15° in adults. Excessive anteversion, or less commonly
femoral retroversion, can be problematic and presents most
frequently in the pediatric population. To perform the exam, the
patient is instructed to lie prone on the exam table with the knee of
the side being tested flexed to 90°. From this position the examiner
palpates the greater trochanter of the flexed knee and internally
and externally rotates the hip to find the position in which the
greater trochanter is most lateral. The degree of femoral antever-
sion can then be estimated using a goniometer with the stationary
arm perpendicular to the floor and the moving arm at the angle
of the leg.

Passive abduction and resisted adduction are useful maneuvers
for differentiating pubic symphysis pathology from other midline
pelvic symptoms.3! The exam is performed with the patient in the
lateral decubitus position and 90° flexion of the knees and hips. Pain
at the pubic symphysis with either maneuver from this position is
considered a positive test and may be indicative of osteitis pubis.

The lateral pelvic compression test is also performed from the
lateral decubitus position with knees and hips flexed. To perform
this test, the examiner places direct downward pressure to the
greater trochanter. Once again, midline pain overlying the pubic
symphysis is consistent with bony injury or osteitis pubis.!”

The Scour test or Quadrant test is used for investigation of
possible labral pathology. To perform this test the examiner axial
loads, adducts, and flexes the hip to its end range of motion with the
patient in a supine position. If performed correctly, the ipsilateral
knee should point to the patient’s contralateral shoulder. From
this position the leg is taken in an arc-like motion to the point of
full abduction. Any positive exam, defined as pain, apprehension,
or catching of the hip during the maneuver, is presumably caused
by either labral pathology or a loose body within the hip joint.!°
The authors suggest that this maneuver is analogous in technique
to the McMurray test for the knee, lending a useful method for
conceptualizing the exam.

The fulcrum test is performed with the patient seated on the
exam table with legs hanging from the edge. The examiner’s fore-
arm is positioned under the patient’s thigh for use as a fulcrum as
pressure is applied to the ipsilateral knee by the examiner’s spare
hand. In this manner, the examiner moves up and down the entire
shaft of the femur attempting to elicit any point tenderness which
may indicate a stress fracture of the overlying bone.!? Either sharp
pain or apprehension indicates a positive test.
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CASE REPORT: CONCLUSION

Assessment

e External snapping of the right hip secondary to inflexibility of
the iliotibial band and tensor fascia lata which is secondary to
core instability, specifically gluteus medius weakness.

e Poor hamstring flexibility bilaterally.

Plan

Physical therapy to address the above biomechanical deficits with
specific attention to the core instability. Cross train to maintain
cardiovascular fitness. Decrease weekly running mileage in half
and decrease running pace by 1 min/mile.

Follow-up

After 4 weeks of physical therapy, the patient’s pain had resolved.
Once the patient became completely pain free, his running mileage
and pace were gradually increased. When he was able to run on
level ground at his previous pace, hills were slowly re-introduced.
He was back competing at pre-injury levels by his second competi-
tion, which was 6 weeks after presentation.
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Chapter 3
Functional and Kinetic Chain
Evaluation of the Hip and Pelvis

Per Gunnar Brolinson and Mark Rogers

Dedicated to the memory of Kevin Granata, PhD,
Virginia Tech, 4-16-07, husband, father,
and pre-eminent biomechanical researcher.

CLINICAL PEARLS

Some common signs of kinetic chain dysfunction:

e Abnormal muscle firing sequences on muscle testing
Poor proprioception

Need for frequent manual medicine or manipulation
“Weak” phasic muscles on exam

Easy fatigability of phasic muscles

Chronic musculoskeletal pain

CASE PRESENTATION

Chief Complaint and History

B.L. is an 18-year-old varsity college third baseman at a Division
I university with the complaint of right hip and right low back
pain (LBP). He noted waxing and waning discomfort for the past
2 years, and for the past 6 months, his pain has been progressively
worsening resulting in altered batting mechanics and reduction
in hitting power and efficiency. His initial injury occurred, while
playing high school baseball, when he was sliding into second
base and collided with another player. That player’s knee struck
the posterior aspect of B.L.’s right hip. He was unable to finish
playing the game and took 3 weeks off from competitive baseball
secondary to the right hip pain. He gradually resumed activities
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and returned to baseball, but was never completely free from pain.
He sustained a second injury about 1 year later consisting of an
axial load through the right femur after falling down on his right
knee and ultimately landed again on the right posterior hip. He
was diagnosed with “right hip spasm” and placed on muscle relaxers
and given a course of physical therapy. He improved but never
really felt 100% healthy. Prior to coming to college, he had had no
diagnostic workup.

When initially seen in our sports medicine clinic, he complained
of his “typical” right low back and right posterior hip discomfort.
He had some radiation of pain into the low back and posterior hip
regions but denied true radicular symptoms.

Physical Examination

Nerve root tension signs were negative, but straight leg raise did
produce some mild upper hamstring and posterior hip discomfort.
Neurovascular and motor exams were normal. The right ham-
string was tight. He had reduced motion in internal and external
hip rotation with some reproduction of hip and low back dis-
comfort at extremes of motion. Functional structural evaluation
revealed a positive standing forward flexion test (Fig. 3.1) with an

A B

FiGURE 3.1. Standing flexion test in neutral (left) and forward (right) flexion.
Note elevated right thumb with forward flexion, signifying a positive standing
flexion test on the right.
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associated sacral torsion as well as restricted motion and tissue
texture changes noted at the lumbosacral and thoracolumbar
regions. He had multiple tender points noted in the right quadratus
lumborum. His gait was normal. Anteroposterior pelvis with a frog
leg view of the right hip was obtained and was normal. Films of
the sacrum and coccyx were normal. He was initially treated with
anti-inflammatory medicine, manipulation to correct the dysfunctions
noted on exam, and was seen in the training room for functional
therapeutic exercise and modalities as indicated.

He had a partial response to this treatment but continued to
experience episodic discomfort. A lumbar spine magnetic reso-
nance image (MRI) was obtained to evaluate him for potential disk
pathology and revealed signal change and mild bulging of the L4
disk centrally which was not felt to be clinically significant. Despite
aggressive conservative management and transient improvement
in symptoms following manipulation, he continued to demon-
strate a recurrent dysfunctional pattern in the hip, pelvis, and low
back area. Ultimately, a magnetic resonance (MR) arthrogram of
the right hip was obtained demonstrating a right hip labral tear
anteriorly and inferiorly with an associated paralabral cyst.

INTRODUCTION

A kinetic chain can be described as the sequencing of individual
body segments and joints to accomplish a task. It generally func-
tions from a base of support proximally and then proceeds distally,
but this is entirely dependent on the task at hand. Because of the
unique nature of sport and the tremendous demands that most
sporting activities place on the spine, pelvis, and hip, the ability
to recognize kinetic chain disorders related to these specific struc-
tures and their interactions with related components of the mus-
culoskeletal system is important for athletic medical practitioners.
Because of the complexity of the anatomic and biomechanical
interactions as well as neuromuscular control issues, evaluation
and accurate diagnosis are problematic.

The hip and pelvis serve as a force transfer link between the
lower extremities and torso, and as such, is an at-risk region for
athletic injury. The evaluation and treatment of hip and pelvis
dysfunction is controversial. One issue is the broad categorization
and terminology utilized for the anatomic etiologies of the pain
by various health care practitioners. There is no specific or salient
historical issue or single clinical examination technique that is
both sensitive and specific for the diagnosis of hip and/or pelvis
dysfunction. To date, imaging studies do not always distinguish
the asymptomatic from symptomatic patient population, nor is
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there a gold standard for the treatment of the symptom complex
associated with these problems in the active patient population.!

As noted in Chap. 1, sports injuries to the hip and groin region
have been noted in 5-9% of high school athletes?? and 1.4-15.8%
of collegiate athletes, according to the NCAA Injury Surveillance
System from 2004 to 2005 seasons.* These injuries occur most
commonly in athletes participating in sports involving side-to-side
cutting, quick accelerations and decelerations, and sudden direc-
tional changes. The sports medicine practitioner must diligently
evaluate hip and pelvis pain and carefully monitor the athlete’s
response to initial conservative management. This is paramount
not only because of the difficulty in making an accurate diagnosis,
but also because 27-90% of patients presenting with groin pain
have more than one coexisting injury.>’ This emphasizes the
need for a thorough and comprehensive functional biomechanical
evaluation of the region.

NATURAL HISTORY

The clinical evidence suggests that hip and pelvis dysfunction
may not simply be an acute process that resolves with time alone.
Typically, hip and pelvis pain and dysfunction are often a recurrent
problem similar to other chronic musculoskeletal conditions that
may have symptom-free periods interspersed with exacerbations.
Therefore, physicians must approach hip and pelvis dysfunction
with this mindset and be aware of its potential episodic, recurrent,
and chronic nature. They should initially seek treatment methods
that are active and physical in nature to help restore the body’s
normal balance of regional and segmental joint motion, posture,
and neuromuscular control, with appropriate functional strength
and flexibility (SOR =B).

There are emerging studies indicating that physical activity is a
risk factor for the development of osteoarthritis of the hip and pel-
vis. Unfortunately, osteoarthritis of the hip is relatively common
in athletes, second only to osteoarthritis of the knee. It may be the
result of chronic overuse or secondary to specific traumatic events,
such as transient subluxation or chondral injury.?® Kujala et al.
performed a retrospective review on former elite male athletes.!”
Using a registry of Finnish male athletes who competed at an
Olympic or other international level between 1920 and 1965, the
study looked at relative risks of development of chronic disease.
Although the participants had significant improvement in health
with respect to coronary artery disease, diabetes, and hyperten-
sion, an increase in the development of osteoarthritis was noted
in these athletes. The cohort was divided into endurance sports
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(runners and cross country skiers), mixed sports (soccer, basketball,
and ice hockey), and power sports (boxing, wrestling, and weight
lifting). The relative risks for osteoarthritis were 2.42, 2.37, and
2.68, respectively.!” In another retrospective study, Spector et al.
evaluated 81 female ex-elite middle long-distance runners and
tennis players.'! In comparison to 997 age-matched controls, the
athletes demonstrated a relative risk of 2.5 for hip arthritis, and 3.5
for knee arthritis. A cross-sectional study performed by Lindberg
et al. demonstrated a 5.8% incidence of hip osteoarthritis in 286
ex-soccer players compared with a 2.8% incidence in controls.!?

Contradicting this information are studies in long-distance
runners, which fail to demonstrate an increased risk for osteoar-
thritis. Lane et al retrospectively studied 41 long-distance runners
averaging 5 h\week of running over 9 years, concluding that there
was no increased risk of osteoarthritis in runners.!3> Konradsen
et al evaluated 58 ex-long-distance runners who averaged more
than 20 km\week of running over 40 years and compared them to
age, weight, and occupation-matched controls. Radiographically,
the athletic cohort had no significant changes suggestive of osteo-
arthritis when compared with controls.!'

Multiple studies have demonstrated a risk of hip osteoarthritis
for professional soccer players that may be as high as 13.2%, or
10.2 times that of the general population, even in the absence of
identifiable injury to the joint.!>-'7 Other studies have shown other
significant increases in risk in rugby players,'® javelin throwers,!?
high jumpers, track, and field sports.?’ Hip arthritis is also com-
mon among former National Football League (NFL) players, with
55.6% reporting some arthritic problem in a 2001 NFL Player’s
Association Survey.?'?? This association of hip osteoarthritis with
significant athletic activity has been demonstrated in female as
well as male athletes.?3-2

Although it is not a consensus opinion of these articles, exces-
sive microtrauma from exercise and cumulative overuse can
potentially increase the risk of developing joint injury and osteoar-
thritis. This risk is dependent on the amount, type, and intensity
of the exercise, as well as the genetics, joint structure, fitness,
and body habitus of the individual.?¢?’ Other specific risk factors
include high loads, sudden or irregular impact,?® and preexisting
abnormalities such as dysplasia.'®?° Recently, labral tears of the
hip have been implicated in early osteoarthritis.3°

In summary, the clinician should view athletic hip and pelvis
pain and dysfunction as a common injury with a potentially epi-
sodic nature that can affect the athlete’s ability to function in both
sports and personal life. Treatment must be focused on complete
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functional recovery and prevention, not just elimination of acute
pain, as there appears to be significant risk for the development of
hip arthritis if the pain and resultant kinetic chain dysfunction is
left untreated (SOR =B).

FUNCTIONAL ANATOMIC CONCEPTS

AND NEUROMUSCULAR CONTROL

Arthrokinetic responses are transmitted through the neuromuscu-
lar system as proprioceptive data processed by the central nervous
system (CNS). These responses are separate from stretch reflexes,
though some of the same pathways are utilized. The four nerve
types responsible for transmitting afferent information from the
joint are globular (static and dynamic mechanoreceptors), conical
(dynamic mechanoreceptors), fusiform (mechanoreceptor), and
plexus (nociceptor)?®! (see Chap.2).

The gamma loop mechanism functions in the following fashion.
A dynamic load applied to the tendon stretches the spindle muscle
fibers. This activates the afferent nerve fibers which synapse in
the anterior horn (we are skipping the numerous interneurons for
simplicity) on the alpha motor neurons in the same and adjacent
spinal segments, simultaneously inhibiting the antagonist muscle
groups. If the capsule or ligament becomes stretched beyond what
its programming allows for as a normal range of motion (or if too
rapid a stretch occurs), inhibitory signals are sent to the agonist
muscle responsible for loading the joint in the plane in question
and stimulatory signals to the antagonist musculature.?!

An engram is a memorized series of muscle activation patterns
(MAPs), for example, tying your shoes, or changing lanes when
driving a car. They free up your conscious mind from the task at
hand, allowing you to focus on other tasks simultaneously. The
development and “burning in” of successful engrams as well as
kinetic chain movement patterns (a specific sequence of engrams
resulting in a motion) result in successful athletic performance.
Injuries and overload can happen when there is compensation
for dysfunction (motion loss) in the earlier (temporally speaking)
components of the kinetic chain and can lead to injury in the
later components, as the tissues either cannot handle the load or
the neuromuscular system fires inappropriately.3!

Neuromuscular imbalance in the postural musculature, either
due to hypertonicity or inhibition, allows microtrauma to begin
to insidiously accumulate. With repetitions of these dysfunctional
MAPs, dysfunctional kinetic chains and engrams develop that
“burn in” the dysfunctional, although usually asymptomatic, path-
ways even more. Pain and/or pathology usually will begin in the
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local stability system, which cannot maintain its functioning, thus
perpetuating the loop.3' Tendons and ligaments lose their tensile
properties over time. Proprioceptive inputs become less reliable
and actually can become harmful as MAPs and their kinetic chains
are thereby altered, leading to abnormal loading of bone and the
supporting soft tissues.

CLINICAL BIOMECHANICS

Much of our understanding of the biomechanics of the hip joint
has been obtained through simple static diagrams, gait analysis,
and through the insertion of force-measuring implants. The
muscles about the hip joint are generally at a mechanical disad-
vantage because of a relatively short lever arm and must produce
forces across the joint that are several times body weight. It has
been calculated that level walking can produce forces of up to six
times body weight and that jogging with a stumble increases these
forces to up to eight times body weight.3? Although forces, when
measured in vivo, tend to be less than the calculated values, one
can anticipate potentially greater loads during vigorous sports
athletic competition.??® The structures about the hip are uniquely
adapted to transfer such forces. The body’s center of gravity is
located within the pelvis, anterior to the second sacral vertebra;
thus, the loads that are generated or transferred through this area
are important in virtually every athletic endeavor.34

The normal hip joint is capable of a flexion and extension arc
of approximately 140°, but one study has shown that slow-paced
jogging used only about 40° of this arc.’® This increases some-
what as pace increases. Analysis of electromyelographic (EMG)
activity shows that the rectus femorus and iliac muscles are very
active with swing-phase hip flexion, while the hamstring muscles
act eccentrically to control hip flexion and decelerate knee exten-
sion.’® It is of note that, when running, the body is propelled for-
ward primarily through hip flexion and knee extension rather than
by push-off with ankle plantar flexion.

Sahrmann has described a hip lateral rotation (HLR) move-
ment impairment that she has observed in people with LBP.3” The
impairment is described as early coupling3®3° of the primary hip
rotation motion with lumbopelvic rotation during a clinical test of
active HLR in prone position.** The HLR test was performed with
the patient in the prone position, the knee flexed to 90°, and the
hip in neutral rotation and neutral abduction/adduction. At a self-
selected movement speed, patients laterally rotate the hip as far as
possible toward the opposite leg, and then return it to the starting
position. This is done both actively and passively and the amount
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and quality of the motion is noted by the clinician.’” The relation-
ship between LBP and repeated early coupling of hip and lum-
bopelvic rotation may be of particular importance in people who
put rotational demands on both the hip and lumbopelvic region.3”
Passive tissue stiffness about the hips has the potential to contribute
to early motion of the lumbopelvic region during HLR.3°

Patients may, therefore, demonstrate lumbopelvic-coupled
movement early during HLR because they have a greater amount
of passive stiffness in the hip musculature. The difference in the
pattern of movement during the HLR test may be the result of an
interaction of biomechanical factors, such as passive tissue stiff-
ness, and motor control factors, such as timing and magnitude of
muscle activity. Identifying how movement patterns differ during
this clinical test is important because it provides information that
can assist the clinician in treatment of a person with hip and pelvis
pain and dysfunction.

Atraumatic instability can occur because of overuse or repetitive
motion. This is a common complaint in athletes who participate
in sports involving repetitive hip rotation with axial loading (i.e.,
figure skating, golf, football, baseball, martial arts, ballet, gymnas-
tics, etc.). The history provides the greatest clues to the diagnosis
because patients can usually describe the motion that causes the
pain, such as swinging a golf club during a drive or throwing a foot-
ball toward the sideline. These repetitive stresses may directly injure
the iliofemoral ligament or labrum and alter the balance of forces
in the hip. These abnormal forces cause increased tension in the
joint capsule, which can lead to capsular redundancy, painful labral
injury, and subsequent microinstability. On physical examination,
patients will usually experience anterior hip pain while in the prone
position with passive hip extension and external rotation.*!#?

Once the static stabilizers of the hip, including the iliofemo-
ral ligament and labrum, are injured, the hip must rely more on
the dynamic stabilizers to maintain stability during activity. It is
hypothesized that when capsular laxity is present, the psoas major,
a dynamic stabilizer of the hip, contracts to provide hip stability.
Over time, this condition can lead to stiffness, coxa saltans, or flex-
ion contractures of the hip.#*** In addition, because of the origin
of this muscle from the lumbar spine, a chronically contracted or
tightened psoas major may be a major contributor to LBP. Thus,
hip instability or capsular laxity can trigger a whole spectrum of
disorders that the physician must take into consideration when
considering various treatment options.3

The relationship between hip rotation motion, hip stability,
and LBP is important because external forces must be sequentially
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transmitted from distal body segments to more proximal ones
during movement. Movement at the hip could, therefore, influ-
ence movement and loading at the lumbar spine. When performed
repeatedly, such hip movement could result in excessive loading
on tissues in the low back region, and eventually LBP.3’

In 2001, Vleeming et al.*> described their integrated model of
joint dysfunction. This functional description comes from exten-
sive study of the sacroiliac joint (SIJ) over the past 10-15 years,
and is the most studied and supported model for sacroiliac joint
dysfunction (SIJD). It integrates structure (form and anatomy),
function (forces and motor control), and the mind (emotions and
awareness) on human performance. Integral to the biomechanics
of S1J stability is the concept of a self-locking mechanism. The SIJ
is the only joint in the body that has a flat joint surface that lies
almost parallel to the plane of maximal load. Its ability to self-lock
occurs through two types of closure - form and force.

Form closure describes how specifically shaped, closely fit con-
tacts provide inherent stability independent of external load. Force
closure describes how external compression forces add additional
stability (Fig. 3.2). It had long been thought that only the liga-
ments in this region provided that additional support. However, it
is the fascia and muscles within the region that provide significant
self-bracing or self-locking to the SIJ and its ligaments through
their cross-like anatomic configuration. Ventrally, this is formed
by the external abdominal obliques, linea alba, internal abdominal
obliques, and transverse abdominals, whereas dorsally the latis-
simus dorsi, thoracolumbar fascia, gluteus maximus, and iliotibial
tract contribute significantly. In addition, there appears to be an
arthrokinetic reflex mechanism by which the nervous system
actively controls this added support system. These supports are
critical in asymmetric loading, when the SIJ is most prone to sub-
luxation. The important concept to gain from this understanding
of integrated function with regard to treatment and prevention of
LBP is that SIJD is a neuromyofascialmusculoligamentous injury.!

The relationship of the abdominal musculature and the erec-
tor muscles of the spine, along with their role in stabilization of
the lumbosacral spine, is being studied extensively because of the
high incidence of LBP in our society. Decreased spinal mobility
and trunk muscle strength have been identified in patients with
recurrent LBP.*¢ These muscles must also be considered for their
role in conditions that affect pelvic tilt and the hip joint. The
transversus abdominis has been shown to be the key muscle to
functional stability of the lumbosacral pelvic region to generate
stability and retraining of the core, because of its observed patterns
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FiGURE 3.2. The cross-like configuration demonstrating the force closure of
the sacroiliac joint. The SIJ becomes stable on the basis of dynamic force
closure via the trunk, arm, and leg muscles that can compress it, as well as
its structural orientation. The cross-like configuration indicates treatment
and prevention of low back pain with strengthening and coordination of
trunk, arm, and leg muscles in torsion and extension rather than flexion. The
crossing musculature is noted. (A) (1) Latissimus dorsi; (2) thoracolumbar
fascia; (3) gluteus maximus; (4) iliotibeal tract. (B) (5) Linea alba; (6) exter-
nal abdominal obliques; (7) transverse abdominals; (8) piriformis; (9) rectus
abdominis; (10) internal abdominal obliques; (11) ilioinguinal ligament!.

of firing before and independent of the other abdominal muscles.
Most recently, a study by Richardson et al.#’ appears to show
that these clinical benefits focusing on the transversus abdominis
occur as a result of significantly reduced laxity in the SIJ. The bal-
ance of the muscles of the upper thigh, particularly the adductor
muscles, with those of the lower abdomen requires further study.
Conditioning programs have traditionally focused on strengthening
of the extremities. Only recently have there been rehabilitation pro-
grams designed to address the power and endurance of the trunk
and postural muscles.*34°

Vleeming et al.>® defined the posterior layer of the thoracolum-
bar fascia as a mechanism of load transfer from the ipsilateral
latissimus dorsi and the contralateral gluteus maximus. This load
transfer is critical during rotation of the trunk, helping to stabilize
the lower lumbar spine and pelvis. This was demonstrated through
cadaveric and EMG studies.”' The stretched tissue of the poste-
rior thoracolumbar fascia assists the muscles by generating an
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extensor influence and by storing elastic energy during lifting to
improve muscular efficiency.!

In recent years, intramuscular EMG studies of the hip flexor
muscles during human locomotion have revealed a separate role
of the psoas and iliacus muscles for stability and movement of the
lumbar spine, pelvis, and hip.>'->* In 1995, Vleeming et al. pre-
sented evidence that the iliacus muscle was selectively recruited in
the standing position with extension of the contralateral leg and
in standing, maximal ipsilateral abduction, significantly higher
levels of activation in the iliacus muscle, when compared with the
psoas muscle, were found.® This suggested preferential action of
involved single-joint muscles when possible to achieve local pel-
vic control. In another study, Anderson et al studied walking and
running and found that the iliacus muscle was the main “switch
muscle” during low-speed walking.>! Therefore, it is the key to
reversing lower extremity motion from extension to flexion. In a
later study, they reported that the iliacus and sartorius muscles
performed a static function needed to prevent a backward tilting
of the pelvis during trunk flexion sit-ups.>® Also, with static supine
leg lifts, there was progressively more activation of these muscles
with increasing elevation of the extremity; they recognized that a
change in pelvic tilt influenced activation of the iliacus and sarto-
rius muscles. A backward pelvic tilt combined with a hyperlordotic
back decreased activation of these muscles, whereas forward pel-
vic tilt combined with a hyperlordotic back increased activation of
the these muscles. This suggests an important and separate role of
the iliacus from the psoas in function and dysfunction of the low
back and pelvis region.>

Recent studies show there is both a functional and anatomic
connection between the biceps femoris muscle and the sacrotuber-
ous ligament.>*>° This relationship allows the hamstring to play an
integral role in the intrinsic stability of the pelvis and SIJ. It appears
that the biceps femoris, often found to be short on the pathologic
side in LBP, may actually be a compensatory mechanism via the
previously described arthrokinetic reflexes to help stabilize the SIJ.
In healthy individuals, a normal lumbopelvic rhythm exists, during
which the first 65° of forward bending is via the lumbar spine,
followed by the next 30° via the hip joints. Increased hamstring
tension prevents the pelvis from tilting forward, which diminishes
the forward bent position of the spine, which results in reducing
the spinal load.>®* Normalization of the lumbopelvic rhythm is an
essential component to treatment of LBP, hip, pelvis, and SIJD.!

In the normal gait cycle, (see Chap.4: Gait Analysis) there
are combined activities that occur conversely in the right and
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FIGURE 3.3. Sacroiliac joint motion during walking. (A) (1) and (2): At right
heel strike. (1) Right innominate has rotated in a posterior and left innomi-
nate in an anterior direction. (2) Anterior surface of sacrum is rotated to
left and superior surface is level, while spine is straight but rotated to the
left. (3) and (4): At right mid-stance. (3) Right leg is straight and innominate
is rotating anterior. (4) Sacrum has rotated right and sidebent left, while
lumbar spine has side-bent right and rotated left. (B) (5) and (6): At left
heel strike. (5) Left innominate begins anterior rotation; after toe-off, right
innominate begins posterior rotation. (6) Sacrum is level but with anterior
surface rotated to the right. The spine, although straight, is also rotated to
the right, as is the lower trunk. (7) and (8): At left leg stance. (7) Left innom-
inate is high and left leg straight. (8) Sacrum has rotated to the left and side-
bent right, while lumbar spine has side-bent left and rotated right!.

left innominates and function in connection with the sacrum
and spine (Fig. 3.3).>7 As one steps forward with the right foot,
at heel strike the right innominate rotates posterior and the left
innominate rotates anterior. During this motion, the anterior sur-
face of the sacrum is rotated to the left and the superior surface
is level, while the spine is straight but rotated to the left. Toward
mid-stance, the right leg is straight and the innominate is rotated
anterior. The sacrum is rotated right and side-bent left, while
the lumbar spine is side-bent right and rotated left. At left heel
strike, the opposite sequence will occur and the cycle is repeated.
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Throughout this cycle, there is a rotatory motion at the pubic
symphysis, which is essential to allow normal motion through the
S1J. Several authors®®>° have suggested that pubic symphysis dys-
function in walking is one of the essential or leading causes of the
development of hip and pelvic dysfunction. In static stance, when
one bends forward and the lumbar spine regionally extends, the
sacrum regionally flexes, with the base moving forward and the
apex moving posterior. During this motion, both innominates go
into a motion of external rotation and out-flaring. This combina-
tion of motion during forward bending is called nutation of the
pelvis. The opposite occurs in extension, which is called counter-
nutation. As the sacrum goes into extension with the base moving
posterior and the apex anterior, the innominate components inter-
nally rotate and in-flare. This motion is clearly demonstrated and
illustrated by Kapand;i.®®

The model of suboptimal posture, though incomplete, has
shown to be effective when used as a model to guide treatment.®'-%3
Posture can be defined as the size, shape, and attitude of the mus-
culoskeletal system with respect to gravitational force.®* Subtle
departure from ideal posture has been implicated as an important
biomechanical factor in athletes with regard to injury because
it results in increased mechanical stress throughout the body.
Posture must always be evaluated as part of the biomechanical
evaluation. The size, shape, and attitude of three cardinal bases of
support should always be included - standing surface, the feet, and
the base of the sacrum.!

Muscles respond to dysfunctional joints in a predictable, charac-
teristic pattern. This pattern is not random and occurs irrespective
of the clinical diagnosis or specific regional injury. Tonic or pos-
tural muscles are facilitated and hypertonic, which maintain a low
level of tone nearly all the time. These muscles tend to utilize more
fibers of an oxidative nature to avoid fatigue. Phasic or dynamic
muscles are inhibited, hypotonic, or “weak” (pseudoparesis). They
exhibit quicker, shorter bursts of activity with phases of rest in
between and more often utilize the glycolytic pathway fibers.3 The
specific response pattern of the muscles in the lower half of the
body is seen in Fig. 3.4.

Tonic muscles will increase their resting tone and become less
pliable. Phasic musculature will become less responsive and weak.
Both responses will carry negative impact for the kinetic chain
resulting in compensatory phenomenon. This muscle dysfunction,
referred to as neuromuscular imbalance, is characterized by a
change in the sequence of MAPs. This has been described both as
an upper crossed syndrome and a lower (pelvic) crossed syndrome
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FIGURE 3.4. Muscle imbalance caused by biomechanical stressors.>®
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that when combined produce a layered syndrome that can be
appreciated throughout the body (Fig. 3.2). Superficial and deep
EMG analysis reveals that there are delays in the activation of pha-
sic muscles, a decrease in amplitude, and recruitment of phasic
muscles, and that normal input can have an inhibitory effect.®

Triggers of muscle imbalance patterns include muscle disuse,
repetitive movements, development of inflexibility, and pain. Of
these, pain seems to be the single dominant factor in the main-
tenance of these patterns. Muscle imbalance should be suspected
any time there are abnormal firing sequences on range-of-motion
testing, poor balance, recurrent somatic dysfunction, “weak” or
easily fatigable phasic muscles on clinical exam, history of recur-
rent injury or other overuse injury in the same region, chronic
pain, and postural imbalance. It is critical to understand these
muscle imbalances because they may be a dominant factor in the
cause of musculoskeletal pain and/or a major factor in the con-
tinuance of the pain. Failure to rehabilitate these patterns is sure
to be a significant factor in recurrent injury.

Initially the pseudoparesis, as described above, may be seen
as a CNS inhibition, not a true weakness. Over a prolonged time
period of inhibition, the muscles actually may become weak.
Attempts at strengthening the “weak” muscles only increase
inhibition. Physiologically, a decrease in recruitment is seen with
added resistance. These muscles actually may not appear grossly
weak on initial testing but they are seen to fatigue quickly and
demonstrate poor endurance. This can lead to poor motor control
or neuromuscular instability, in which there is marked irregularity
in sensory-motor balance. It is important to remember that treat-
ments and rehabilitation must be directed at the cause of inhibition,
the neural reflex, first as most likely this will be a major factor in
recurrent injury.

COMMON HIP AND PELVIS DYSFUNCTIONS
Strains of the adductor group (adductor longus, magnus, and
brevis; gracilis; pectineus; and obturators) are the most common
causes of acute groin pain in athletes. Their primary function is
stabilization of the lower extremity and pelvis in the closed kinetic
chain, as well as adduction of the thigh in the open kinetic chain
and assisting in femoral flexion and rotation.®® Strains are more
common with eccentric loading. The adductor longus is most
frequently affected, at the musculotendinous junction, likely
because of its lack of mechanical advantage.®’

Among soccer players, incidence rates ranging between 10%
and 18% have been reported.>”%% Risk factors associated with
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increased incidence of strains include decreased hip range of
motion, decreased adductor strength, and prior injury with
32-44% of injuries classified as recurrent.’>7? In addition, bio-
mechanical abnormalities of the lower limb such as, leg-length
discrepancy, imbalance of the surrounding hip musculature, and
muscular fatigue, have also been postulated to increase the risk of
adductor strain.”? Although there have been no controlled clinical
studies proving these latter elements to be causative, prevention
programs focused on ameliorating some of these abnormalities
have been shown to be effective in professional hockey players.’*

In 2002, National Hockey League (NHL) statistics demon-
strated that adductor strains occurred 20 times more frequently
during training camp as opposed to the regular season, implying
that deconditioning might contribute to these injuries, and there-
fore, strengthening programs may be preventative. Such strength-
ening of the musculature of the hip, pelvis, and lower extremities
has long been thought to be an important part of adductor injury
prevention programs’’; recently these programs have been docu-
mented to be effective in preventing groin injuries in soccer and
hockey players.”>7® In one study, Tyler et al.”? presented their
strengthening and injury prevention programs focused on decreas-
ing adductor weakness (with a goal of keeping at least 80% of
abductor strength). They found that adductor strengthening sig-
nificantly reduced injury in NHL players.

Strains and tendonitis of the iliopsoas muscle usually occur
at the musculotendinous junction during resisted hip flexion or
hyperextension. Iliopsoas bursitis can occur alone or in conjunc-
tion with strain. The two conditions commonly occur concomi-
tantly and are essentially identical in their clinical presentations.””
The iliopsoas bursa is the largest bursa in the body. It communi-
cates with the hip joint in 15% of people and can be a source of
significant groin pain. Bursitis results from overuse and friction
as the tendon rides over the iliopectineal eminence of the pubis
(Fig. 3.5). This condition occurs in activities requiring extensive
use of the hip flexors including soccer, ballet, uphill running,
hurdling, and jumping. Iliopsoas bursitis is characterized by deep
groin pain that sometimes radiates to the anterior hip or thigh
and is often accompanied by a snapping sensation. If this is severe
enough, the athlete may exhibit a limp.”® Because of poor locali-
zation and reproducibility of the pain, the average time from the
onset of symptoms to diagnosis has been reported from 32 to 41
months.”’

Pain may also be reproduced when the flexed, abducted,
externally rotated hip is extended and brought back into a neutral
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Sartorius
Rectus Femoris

Gluteus

Adductors

FIGURE 3.5. Attachment of the muscles in the groin region.’

position (extension test). During this maneuver, the iliopsoas is
stretched as the hip is extended and symptoms are reproduced.
Another diagnostic test is to have the supine athlete raise his
or her heels off the table to about 15° in this position, the only
active hip flexor is the iliopsoas, and provocative testing as such
will elicit pain.”® Tenderness may be felt during this maneuver by
palpating the psoas muscle below the lateral inguinal ligament at
the femoral triangle.?° The biomechanical abnormalities that may
contribute to the injury must be sought and corrected as previ-
ously described.

High hamstring strains occur most commonly in dancers, hur-
dlers, runners, water skiers, and other athletes who place excessive
stress on the stretched hamstrings.?! Muscle fatigue may increase
risk of injury.®” It must be remembered that the ischial tuberosity
may not fused until the third decade?®? and that some of these injuries
may actually represent an apophysitis rather than a true strain.?
Patients usually present with posterior thigh pain and can have
radiation to the groin as well. The diagnosis may be easily made with
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pain on palpation directly over the muscle insertion on the ischial
tuberosity; however, it must be remembered that the adductor mag-
nus also originates from the ischial tuberosity and that injuries to
this muscle must also be considered in the differential diagnosis.
These injuries occur usually with the hip extended and knee flexed
when the sartorius undergoes a sudden contraction. Because the
anterior superior iliac spine (ASIS) ossification center fuses rela-
tively late, commonly at 21-25 years of age, a diagnosis of both strain
and apophysitis must be entertained in these age groups.’

Because rectus femoris is the only member of the quadriceps
muscle group that spans two joints, it is subject to more stress
and subsequently more injuries. Muscular injuries often result
from the explosive hip flexion experienced in kicking or sprinting.
Clinically, there is swelling and tenderness over the anterior thigh
or at the anterior inferior iliac spine (AILS) if the injury occurs
at the tendon-bone interface. Conservative treatment is effective
for most acute partial ruptures; however, small subsets of these
patients go on to have chronic pain and disability.’

Osteitis pubis, or inflammation of the symphysis pubis, is
seen commonly in runners,® hockey players,3 and soccer play-
ers. Shearing forces across the pubic symphysis may result in
symphysis inflammation or even joint disruption.’* Repetitive
adductor traction on the symphysis has also been proposed as a
possible mechanism.?> Cutting and twisting forces may transmit
even greater forces to the pubic symphysis in athletes lacking
ideal ranges of hip flexibility.3%87 Although no published studies
have addressed the role biomechanical abnormalities of the lower
limb (e.g., leg-length discrepancies or excessive pronation play), in
the genesis of osteitis pubis, it is intuitive that such abnormalities
might increase forces acting across the os pubis and thus increase
susceptibility to the condition.

The symptoms may be initially indistinguishable from an
adductor strain and may be aggravated by kicking and run-
ning. Symptoms may increase in severity if athletic activity is
not reduced. A clinical review® noted that in athletes who have
documented osteitis pubis, adductor pain occurred in 80%, pain
around the pubic symphysis in 40%, lower abdominal pain in 30%,
and hip pain in 12%, while scrotal pain, previously described as
a classic complaint, was found in only 8%. Physical examination
usually reveals tenderness over the pubic symphysis.?® Pain can
often be provoked by active adduction if the distal symphysis is
involved or by partial sit-ups if the proximal portion is involved.

The two most common stress fractures of the groin region are
femoral neck stress fractures and pubic ramus fractures. These
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are often seen in distance runners, endurance athletes, or mili-
tary recruits and are caused by repetitive overuse and overload.
Additional risk factors include relative osteoporosis in young
female athletes who have nutritional or hormonal imbalances,
changes in shoes or training surface, sudden increases in intensity
or duration of training regimens, and muscle fatigue, which may
reduce shock-absorbing abilities of the hip and pelvis region.3%°°

An estimated 1% of stress fractures occur at the femoral
neck. Although most femoral neck fractures are nondisplaced at
presentation, diagnostic delay is common, especially as initial
radiographs are often normal. There has been a reported average
diagnostic delay of up to 14 weeks.’! A decreased range of motion
at the hip has also been detected in athletes diagnosed with pubic
bone stress injury.®?

During walking or running, the loads on the femoral head can
exceed three to five times body weight. These loads occur because
of gravity and the torque on the medial side of the hip joint,
and are counteracted by contraction of the gluteus medius and
minimus muscles. The force on the femoral head is transmitted
through the neck to the femoral shaft, creating stresses and strains
in the femoral neck secondary to compression and bending. If the
abductor muscles fatigue and are unable to provide the normal
compensatory tension, the tensile stress in the femoral neck will
increase. Muscle fatigue also returns in gait alterations that affect
the position of the body’s center of mass and alter the stress and
strain patterns within the femoral neck.??

Pelvic biomechanical studies lend support to this view of
increased stress to the central pubic bone area. These studies
consider that during weight-bearing loads the superior pubic
rami and the pubic symphysis act as a compression strut linking
the femur to the posterior pelvic structures and spine,® with the
centers of rotation being near the pubic symphysis. Therefore,
the pubic symphysis area is the region of the anterior pelvis most
vulnerable to the stressors of athletic activity. Having a hip joint
range-of-motion restriction will contribute to dysfunction, resulting
in a greater stress across the superior pubic ramus and pubic
symphysis. This, in turn, may lead to increased stress through
this vulnerable area and increased likelihood of the athlete having
chronic groin injury consistent with a pubic bone stress injury.*>

Although first reported by Patterson in 1957, it is only in
the last 10 years that acetabular labrum tears have become more
widely recognized as a cause of hip and groin pain. In one pros-
pective study of patients presenting to a sports medicine center
with chronic groin pain, 22% were found to have labral tears.”’
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Awareness and clinical suspicion of this condition among health-
care providers are important, especially in those athletes who have
not responded to the prescribed treatment for the more familiar
causes of hip and groin pain; early diagnosis and appropriate
management lend themselves to improved outcomes.”®

The labrum is a fibrocartilaginous rim which encompasses the
acetabulum, effectively deepening the socket, much like the glenoid
labrum of the glenohumeral joint.?® It can vary in form and thick-
ness. It has three main surfaces: an internal articular surface, an
external surface which is in contact with the joint capsule, and a
basal surface which is attached to the acetabular bone and trans-
verse ligaments. Its distal edge is free, forming the lateral limit of
the acetabulum. Anteriorly, the labrum is equilaterally triangular
in shape; posteriorly, it is square with a rounded distal surface,
making it more bulbous.

In contrast to the glenoid labrum, the acetabulum in the hip
is much deeper and, therefore, provides substantially more stability
to the hip joint. Thus, the deepening of the acetabulum that is
provided by the labrum is thought to play less of a role in hip joint
stability. The acetabular labrum, however, may enhance stability
by providing negative intra-articular pressures within the hip joint
with joint distraction, thereby adding a “sealing” function to the
joint.”” The sealing function of the labrum also may enhance the
lubrication mechanism of the joint by preventing direct contact
of the joint surfaces and more evenly distribute the applied forces
across the cartilaginous surface.!® The role of the acetabular
labrum in load transmission was further examined in a cadaveric
biomechanical study by Konrath et al.,’°! in which they found no
significant changes with regard to contact area, load, and mean
pressure after removal of the labrum. From these findings they
concluded that removal of the acetabular labrum does not predis-
pose to premature hip osteoarthritis.

Femoroacetabular impingement is a more recently described
entity as a cause of hip and pelvis pain as well as early develop-
ment of osteoarthritis in young athletes.!?>1% There have been
two mechanisms described which cause impingement between
the femoral head and the acetabulum. The cam-type involves an
abnormally shaped, non-spherical femoral head with decreased
offset at the anterolateral head-neck junction, leading to impinge-
ment on the normal acetabulum and medial displacement of the
labrum with flexion and internal rotation. The pincer type, causes
impingement of the normally shaped femoral head on a retro-
verted or abnormally deep acetabulum. Both types occur on a
spectrum and can coexist.®®
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Most tears are caused by relatively atraumatic mechanisms
such as twisting or pivoting during athletic activity, by chronic degen-
erative disease, or associated with developmental dysplasia,3?1> as
only about one-third of athletes recall a specific traumatic event as
the cause of symptom onset.!'%

Athletes commonly present with diffuse, poorly localized groin
pain, night pain, pain with pivoting or walking, and mechanical
symptoms in the hip and pelvis area; some may present with a
painful snapping hip syndrome.

On examination, passive and/or active range of motion may
not be limited but pain may be present at the extremes. There are
a number of clinical tests that have been reported to reproduce
pain, clicking, or locking sensations in the hip and pelvis, specifi-
cally they are as follows:

e The impingement test — performed by inducing hip flexion,
adduction, and internal rotation, especially in anterior-superior
tears,66.106,107

e Passive hyperextension, abduction, and external rotation, par-
ticularly with posterior tears.!00107

e Acute flexion of the hip with external rotation and full abduc-
tion, followed by extension, abduction, and internal rotation
(anterior tears).!08

e Extension, abduction, and external rotation brought to a
flexed, adducted, and internally rotated position (posterior
tears).!08

In one study, a clicking sensation of the hip was both sensitive

(100%) and specific (85%) in predicting labral tears.®® On physical

examination, the internal rotation/flexion/axial compression

maneuver was 75% sensitive but only 43% specific,”> and the
flexion/abduction/external rotation (FABER) test was found to be

88% sensitive.!?

In 2006, Burnett et al.''"® reported an average time from
the initial onset of symptoms to the definitive diagnosis of 21
months (range, 2-156 months; median, 12 months). In addition,
an average of 3.3 health-care providers (range, 0-11 health-care
providers) had been seen prior to the establishment of a defini-
tive diagnosis. Therefore, clinicians must keep in mind that these
physical maneuvers are imperfect and must maintain a high index
of suspicion for such injuries.

Although plain radiographs and computed tomography may
show hip dysplasia, arthritis, and acetabular cysts in patients with
acetabular labrum tears, they cannot be counted as reliable tools for
diagnosing the condition itself.!96107.111-113 Eyen when arthrograms
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are obtained as well, there does not seem to be an appreciable
improvement in the ability of these investigations to detect labral
tears.!!? They are, however, useful for excluding other types of hip
pathology. MRI, by virtue of its superior soft tissue contrast and
ability to directly depict the labrum, has begun to show promise in
detecting labral tears over the last two decades.”®

The use of MR arthrography (MRA) to evaluate labral tears
in patients yielded a sensitivity of 79%.!"° However, in 27% of the
patients who had an arthroscopically verified tear, preoperative
MRA failed to detect the lesion. Despite this limitation in sensitivity,
this test frequently confirms the diagnosis and reliably rules out
other uncommon conditions (e.g., osteonecrosis, stress fracture,
neoplasm) that could present with hip symptoms suggestive of
labral disease.!!?

Conservative treatment is usually tried for at least 6 weeks
before definitive surgical intervention. This is done to insure that
mechanical symptoms are not due to snapping hip syndrome or
other functional pathologies as identified above and that any asso-
ciated soft tissue injuries are given a chance to heal.%

EVALUATION

In the clinical evaluation of the patient with suspected kinetic
chain dysfunction resulting in hip and pelvis pain with associated
altered biomechanics, we have found the following schema to be
helpful (Fig. 3.6).
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FIGURE 3.6. Kinetic chain dysfunction.?!
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The physical examination begins with observation of the athlete
both statically and dynamically. One should evaluate the patient in
standing, supine, and prone positions, and assess symmetry of the
heights of the iliac crests, ASISs, posterior superior iliac spines,
ischial tuberosities, gluteal folds, and greater trochanters, as well
as symmetry of the pubic tubercles, sacral sulci, and inferior lat-
eral angles. Next, determine if there is any leg-length discrepancy.
One should realize that true leg-length discrepancies will generally
cause asymmetry and pain, whereas a functional leg-length dis-
crepancy is usually the result of SIJ, hip, or pelvic dysfunction.!

Leg-length discrepancies allow for an unequal transmission of
forces across the spine and pelvis during weight-bearing activities.
These forces can be amplified in sport because of the rapid accele-
ration of body mass or repetitive stress transmitted. Although
traditional orthopedic teaching is that a minimum of 1-2 cm
difference is essential to cause dysfunction, many in the sports
medicine community feel that a short leg is clinically relevant and
consider differences of as little as 4 mm to be significant.'!4

Assess posture for increased lumbar lordosis, which can result
from sacrum, pelvis, and/or hip dysfunction. Dynamic observation
assesses for any asymmetry during both gait and specific motions
characteristic of the patient’s sport. SIJ pain, pathology, and restriction
may cause a decrease in stride length, leading to a limp or cause reflex
inhibition of the gluteus medius, leading to a Trendelenburg gait.!

The examiner should then look for decreases in both passive
and active range of motion of the entire spine, hips, pelvis, knees,
and feet. Perform the HLR test as previously described. If pain
with motion testing occurs, the patient should specifically identify
the area of pain and the clinician should then perform a thorough
examination of the relevant structures. A neurologic examination
for radiculopathy should also be conducted, in addition to evaluat-
ing core strength and overall flexibility.!

There have been numerous functional (motion) and provocative
(pain-producing) tests reported in the literature; however, none
has consistently been shown to reliably diagnose hip and pelvic
joint dysfunction.'’>'® We feel that there are two major flaws
in how these studies and others like them have been carried out.
Dreyfuss et al.'?? assumed that pain production is an essential pre-
requisite to dysfunction. We would suggest that hip and pelvic dys-
function can be diagnosed on the basis of motion restriction and
tissue texture changes, especially in chronic pain syndromes when
pain location can vary greatly because of muscle imbalance and
other factors. Also hip and pelvis screening tests should always be
followed up with segmental motion testing and tissue palpation.
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When these tests are used together with a thorough history to
create a clinical picture, they become significantly more reliable.!?
A detailed discussion of the numerous tests described for dysfunc-
tion is beyond the scope of this review, but the reader is referred
to several excellent sources.®>!'?!-123 In osteopathic medicine, hip
and sacrum joint somatic dysfunction is diagnosed primarily by
the standing and seated flexion tests and asymmetry of pelvic and
sacral bony landmarks.%

Functional Diagnostic Imaging

There is no specific gold standard imaging test to diagnose hip and
pelvis dysfunction, largely because of the location and complexity of
the joint and the associated structures that may make visualization
difficult. However, a variety of normal radiographic indices have been
described to differentiate normal from abnormal bony anatomy and
these play an important role in understanding why some patients
develop instability (see Chap.5: Imaging of the Hip and Pelvis).

PRINCIPLES OF TREATMENT
Recurrent hip and pelvis dysfunction and altered postural alignment
should provide clue to the physician for the diagnosis of chronic
neuromuscular dysfunction or postural imbalance related to kinetic
chain dysfunction. Gravitational strain results in a systemic neu-
romuscular response of postural musculature and muscle firing
patterns related to chronic gravitational stress. Other findings may
include chronic or recurrent sprains/strains, pseudoparesis, articu-
lar dysfunction, myofascial trigger points, muscle imbalance, and
ligamentous laxity. Gravitational stress, an obligatory consequence
of bipedal posture, is a constant and a greatly underestimated sys-
temic stressor.'?*125 It is most important that one understands that
postural imbalance is a systemic neuromuscular dysfunction.
Initial treatment in hip and pelvis dysfunction must focus on
the re-education of the neuromuscular system. This is partially
accomplished by seeking optimization of posture and can be
achieved through the use of one or more of the following modes
of physical manipulation!?®:

e Contoured orthotics worn in the shoes to optimize foot and
lower extremity biomechanics

e A flat orthotic of sufficient thickness to level the sacral base
Joint manipulation and/or mobilization directed to restore resil-
ience to soft tissues and motion of restricted joint segments

e Daily practice of a therapeutic posture for 20 min to counter the
bias of soft tissues reflective of the initial posture
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During the implementation of the above, a principle-centered,
functional rehabilitation program'?® that focuses first on the
stretching of tight, hypertonic postural muscles, strengthening of
weak phasic muscles, and proprioceptive retraining must be car-
ried out.!?’-130 Tt is critical to remember that muscle imbalances
must be eliminated and coordinated movement patterns returned
to normal before strengthening of the core can begin effectively.

Principles of Sequencing the Exercise Prescription

1. Normalization of segmental function through manual medi-
cine and bodywork as clinically indicated
2. Sensorimotor balance retraining
3. Comprehensive, symmetric, flexibility
a. Stretch to symmetry
b. Go for overall increase in length
4. Re-educate movement patterns — PRECISION
a. Normalize firing patterns — slow, precise, minimalist movements
b. Quality of movement (neuromotor control) over quantity
c. Start unloaded, progressive load, sports specific movements
. Strengthening
6. Sport-specific conditioning

wul

CASE REPORT, CONCLUSION

B.L., our 18-year-old college third baseman, subsequently under-
went arthroscopic debridement of the labrum, and his hip and
LBPs dramatically improved with no subsequent evidence of the
previously noted dysfunctional movement patterns.

This case illustrates the important contribution of hip labral
pathology and the resultant transverse plane motion loss in the
hip causing recurrent hip, low back, and pelvis pain. The patient’s
motion loss on functional examination, as well as recurrent
biomechanical abnormalities partially responsive to conservative
management, is an excellent demonstration of a dysfunctional
kinetic chain pattern which resolved once the primary pathology
was identified and treated.

SUMMARY
So, as sports medicine clinicians, when should we suspect kinetic
chain dysfunction? Some common signs are as follows:

e Abnormal muscle firing sequences on muscle testing
® Poor proprioception
e Need for frequent manual medicine or manipulation
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“Weak” phasic muscles on exam
Easy fatigability of phasic muscles
Chronic musculoskeletal pain
Progressive postural decline
Symptoms of tendonopathy

Poor “core” strength

While each one of these elements may not be considered rel-

evant on its own, when you see several of these findings together
you should consider a thorough functional biomechanical examina-
tion with emphasis on identifying kinetic chain issues and treating
them in an integrated manner.
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Chapter 4
Gait Assessment

Jimmy D. Bowen and Gerry Salter

CLINICAL PEARLS

¢ The understanding of gait is paramount in understanding an
athlete’s impairment and the diagnosis, treatment, and rehabili-
tation of that impairment.

e Walking and running are universal endeavors while efficient
athletic walking and running are not. Know the difference.

e The examination of a lower limb injury begins at the feet and
extends to the spine and must pass through the hip and pelvis,
regardless of the joint or segment injured.

e Understanding the differences that occur in gait as we age will
help you promote the continued athletic performance of your
“baby boomer” patients.

e Differences in gait between genders exist, it is important to
know the variability in order to design your differential diag-
noses and treatments.

CASE PRESENTATION

Chief Complaint

A 42-year-old female long distance runner presents with right
anterior knee pain and complaint of right foot placement changes
during running.

History of Present lliness

She has been a competitive runner for 15 years, at times run-
ning up to 60 miles a week. During the last 15 years, she has
had a number of bilateral lower extremity injuries including

P.H. Seidenberg and J.D. Bowen (eds.), The Hip and Pelvis in 71
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patellofemoral knee pain, iliotibial band friction syndrome,
plantar fasciitis, peroneal tendonitis, right groin pain, and sacro-
iliac malalignment. These ailments normally abated with relative
rest, nonsteroidal anti-inflammatory agents (NSAIDS), manual
physical therapy, and rare corticosteroid injections. About 2
years ago, she began insidiously catching her right foot while
running, occasionally falling to the ground. After relative rest and
treatment, she had been able to return to pain-free running but
has continued to have problems regarding right foot placement.
She has no symptoms with other activities, such as activities of
daily living or athletic activities, including elliptical trainers and
road biking. The persistent right foot catching and inability now
to push off correctly have affected her to the point that she has
not run in the last 3 months.

Review of Systems

She denies any neurological symptoms, neck or back problems,
and is currently on no medications except for occasional use of
NSAIDS. She has had serial examinations and multiple diagnostic
testing that have yet to reveal the etiology of her problem.

Physical Examination

Her physical examination reveals normal spinal alignment and
range of motion without pain. Her pelvic and spinal static align-
ment demonstrates no imbalances. She demonstrates frontal
plane (Table 4.1 and Fig. 4.1) genu valgus of less than 10° bilater-
ally that are symmetric. During relaxed double stance, she has 9°
more frontal plane rear foot eversion (calcaneal valgus) on the
right versus the left. While walking, she demonstrates more right
hip transverse plane internal rotation and more right foot prona-
tion than on the left. During running, there was an increase of
hip internal rotation and adduction with increased genu valgus.
Interestingly, the right foot supinated during plantar flexion of
stance phase with internal rotation and forefoot transverse plane
adduction during push off, causing her foot to catch. She com-
pensated for this by circumduction of her right lower extremity so
that she could clear her foot during swing phase. This caused her
to be off balanced during running and she consistently lunged to
the right. Her hip, knee, and ankle ranges of motion were normal
and symmetric. She was noted to have adductor tightness on the
right compared to the left. She was also noted to have decreased
strength on manual muscle testing of the right hip abductors and
external rotators. The remainder of her neurological and vascular
examination was normal.
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TABLE 4.1. Anatomic plane classification
Region Sagittal Frontal/coronal  Transverse/rotational
Foot Toe flex/ext Pronation/ Adduction/abduction
supination
Ankle Plantar flexion Varus/valgus
Dorsiflexion
Tibia Internal/external
torsion
Knee Flex/extension Varum/valgum
Femur Internal/external
rotation
Hip Flex/extension Adduction/
abduction
Pelvis Ant/post tilt Elevated/ Rotation
depressed
Spine Lordosis/kyphosis  Lateral scoliosis Rotational scoliosis

Sagittal Plane

/ Coronal Plane

A

Transverse Plane

<

Body Planes

FIGURE 4.1. Anatomic planes. Sagittal plane divides body into left and
right. Coronal/frontal plane divides it into front and back or anterior and
posterior. Transverse/axial plane divides body into cranial and caudal por-
tions. This picture is in the public domain in the United States.
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Testing

Radiographic images of her lumbar spine, hips and pelvis, and
knees were all normal except for minimal degenerative changes
of her knees. Scanogram of her pelvis to ankles demonstrated no
anatomic leg length discrepancy. An electrodiagnostic study (EDX)
of her right lower extremity and back was normal.

GAIT ASSESSMENT

I spent this last weekend at a local track meet and for the count-
less time noted that no two people seem to run the same way.
Anthropometric differences, turn over speeds, stride lengths, arm
swing, endurance, and the will to succeed all seem to dictate how
a runner performs. Great, now how do I take this observation of
idiosyncratic differences and translate it into a clinically relevant
enterprise when I see a runner with a problem? Well to begin
with, walking and running are two of the most obvious and fun-
damental actions of life. Being able to visualize and discern gait
patterns is the beginning of understanding the complexities of
gait.! Ultimately, it is important for the sports medicine provider
to appreciate the complexities of gait: what makes for an efficient
gait; are there differences in gait relative to age or gender; what is
the importance of symmetry for an individual; and do identified
impairments have a functional impact or cause limitations??> We
all have an idea of what an optimal gait should look like. Consider
the sprinting power of a Michael Johnson in the 200 M or 400 M
run, or the graceful efficiency of no wasted motion of the great
Kenyan long distance runners, and you have an observational
gestalt of what the optimal gait pattern is for running.

THE ELEMENTS OF GAIT

“Walking is the simple act of falling forward and catching oneself.
The tasks of walking and running involve forward propulsion,
alternately balancing the body on one limb and then the other by
repeated adjustments of limb length, and supporting the body in
an upright position. The assessment of these activities takes time,
practice, and technical skill.? It begins with an understanding of
the definitions, phases, and determinants of gait.

Walking involves always having one foot in contact with a
surface for support, in fact it involves periods of single limb and
double limb support. Running involves periods in which nei-
ther foot is in contact with a surface, in effect a “double float”
(Fig. 4.2). The basic unit of walking and running is the gait cycle;
also known as “stride.” During the gait cycle, Perry et al.* describe
temporal and functional variables. The functional aspects of the

”3
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FIGURE 4.2. Two of three runners in running double float phase. Picture by
Kevin Lewter.

gait cycle are weight acceptance and support during stance and
limb advancement during swing. Classically there are eight phases
of the gait cycle beginning with the initial contact of the loading
response and progressing to terminal swing before the next initial
contact (Table 4.2 and Fig. 4.3). Temporal-spatial gait parameters
also must be understood including the stride time, initial contact
on right to initial contact on right, and step time, initial contact on
right to initial contact on the left. The stride length is the distance
covered during a stride with the gait velocity being the stride
distance divided by the time taken.!-

Walking and running demonstrate a reversal of the percentage
of stance and swing phase. During walking stance phase repre-
sents 60% of the time during the gait cycle while swing represents
40%. The slower the walking speed, the more is the time spent in
double limb support and the faster the walking speed, the less is
the time in double limb support, until a time is reached when no
interval exists which would be considered double limb support.
At this time, you are running.

The kinematics of gait of the individual during walking or
running is evaluated by observing the body as composed of body
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TABLE 4.2. Normal gait cycle

Loading response Initial double support stance phase beginning with
initial contact. Some literature may include ini-
tial contact as separate phase of cycle.

Mid-stance First half of single support representing the time
the opposite limb leaves the floor until body
weight is aligned over the forefoot.

Terminal stance Second half of single support representing the
time the opposite limb makes contact with the
floor and the body weight moves ahead of the
forefoot.

Push off Late stance when there is an ankle plantar flexion
moment advancing the limb into swing phase.
Some literature references include this as part
of pre-swing phase.

Pre-swing Final double support representing the time of
initial contact of the contralateral limb to ipsi-
lateral toe-off.

Initial swing Initial third of the swing phase representing the
time from toe-off to when the swing limb foot is
opposite the stance limb.

Mid swing Middle third of swing, time the swing foot is oppo-
site the stance limb to when the tibia is vertical.
Terminal swing Final third of the swing phase, time from tibia

being vertical until initial contact.

segments (links) and connections (joints) between segments.' The
kinematics of the individual or system is known when the orienta-
tion and position of the segments are recognized. Each link has a
center of mass (COM) or center of gravity (COG). The whole sys-
tem, the body, also has a COM or COG. As segments move, their
positions in time and space affect the balance and energy use of the
system as the whole body COM distribution changes.> Kinematics
is best evaluated through quantitative and not qualitative means
(SOR=A). Three-dimensional (3D) gait analysis provides informa-
tion relative to degrees of movement of the joint and relationships
to the links in terms of frontal, sagittal, and transverse arrange-
ments. The flexion—extension, abduction-adduction, and internal
rotation—external rotation relationship of the segments and joints
are evaluated and compared to “norms” as well as the side to
side, front to back symmetry within an individual. The COM for
the segments and the COM of the body are expressed in terms
of vertical, anterior to posterior, and medial to lateral relation-
ships.®” The body COM reaches its highest point in stance when
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FIGURE 4.3. (A) Initial contact, the beginning of the loading response.
(B) Mid stance. (C) Terminal stance. (D) Push off, beginning of pre-swing.
(E) Pre-swing. (F) Initial swing. (G) Mid swing. (H) Terminal swing.
Pictures by Kevin Lewter.

the speed is minimal (i.e., double stance phase during walking).?
This is illustrated in a classic oral board examination question.
A person stands at the entrance of a 100 yard tunnel. Standing erect
weight bearing on both feet, the top of the tunnel is 1 cm above
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FIGURE 4.3. Continued.

the person’s head. If the person begins to walk in the tunnel, will
the person hit his or her head on the tunnel ceiling? The answer of
course is NO. For walking, the maximums of COM and height are
during double stance phase. But, if the individual is running, the
maximums of COM and height are during “double float” at maxi-
mum velocity. Always a good idea not to run in a low tunnel!
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The muscles play an important role in what occurs at the
joints. The function at the hip during gait is simplistically to
extend the thigh during stance and flex the thigh during swing.
The ligaments of the hip stabilize the joint during extension. The
extensors and flexors of the hip work phasically and cooperatively.
The iliopsoas will contract eccentrically to slow extension while
the hamstrings will contract eccentrically to control hip flexion.
The abductors and adductors of the hip provide static and phasic
co-contraction stability of the stance leg during single leg support.
If the mobility of the hip is reduced, there will be an increased
moment of the ipsilateral knee, contralateral hip, and the lumbar
spine to compensate. The knee acts as a shock absorber during
weight bearing, a stride length extender, and a pendulum for leg
and foot swing. The knee flexes during the first three levels of
stance phase, and then extends during stance to push-off. If the
knee has a flexion deformity, it will decrease extension at the hip
during stance and reduce hip extension power. The gastrosoleus
complex provides restraint for the individual’s forward momen-
tum during forward movement. Using 85% maximum voluntary
contraction during normal walking,’ it stabilizes the knee and
ankle providing restraint of forward rotation of the tibia on the
talus. During stance, it will minimize the vertical displacement of
the COM. The foot and ankle work independently during normal
walking. Movements and stresses are absorbed by the structures of
the leg and foot during initial heel contact through push-off during
terminal stance phase.

The kinetics of gait represents the study of forces and moments
that cause movement.! An example in gait research would be the
expression of the forces exerted on the foot during contact called
the ground reactive force (GRF). The center of the distribution of
these forces is called the center of pressure.

The kinetics of gait during the phases of the gait cycle are best
realized during the clinical qualitative evaluation by observation of
the parameters, parametrics, or “determinants” of gait (SOR =B).
Normal determinants of gait are seen between 8 and 45 years of age,
but, may be seen as young as 3 years old and well into the eighth
decade in some individuals. Gait differences are seen between dif-
ferent ages and different genders. The determinants of gait change
within an individual depending on age, segment and joint main-
tenance, health, strength, and flexibility. Non-impaired walking is
almost effortless. This efficiency is made possible by minimizing
the displacement of the body’s COM during ambulation. Vertical
displacement is far more relevant than lateral displacement when
considering optimization of this efficiency.!® During walking, the
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COM normally travels along an inverted pendulum with a sinusoidal,
up and down, side to side path with each step. A series of maneu-
vers described by Saunders and colleagues, are the mechanism by
which the body minimizes the COM displacement during walk-
ing; they are known as “the determinants of gait.”!! The COM is
normally 5 cm anterior to the second sacral vertebrae, slightly
higher in males on average. The vertical and horizontal displace-
ments of the COM describe a figure of eight within a relatively
small 5 cm square during walking. Vertical displacement is seen
as head height decreasing during weight acceptance and unloading,
and increasing during stance. During normal gait cadence of
90-120 steps/min,'?!3 if factors increase the vertical displacement,
greater energy is needed, cardiovascular responses are elevated,
and a self-selected slower walking speed will be entertained for
compensation. If not for the combined action of the determinants
of gait, the average total vertical displacement of the COM would
be two times the value it actually is in normal gait.

THE DETERMINANTS OF GAIT

1. Pelvic rotation in the transverse/axial plane: Decreases the drop
in COM during double limb support. The pelvis rotates anterior
4° during swing and posterior 4° during stance phase. This
decreases the amplitude of displacement along the COM’s path.
To maintain balance, the thorax and pelvis rotate in opposite
directions. Weakness or inflexibility in these core areas will
increase the amplitude of displacement of the COM and cause
less efficient progression. During pelvic rotation, the other
joints of the lower limb are involved in rotation as well. In fact,
the greater the joint’s distance from the trunk, the greater is the
rotation (i.e., the tibial rotation is three times the rotation of
the pelvis).®

2. Pelvic obliquity in the frontal/coronal plane: Slight pelvic oblig-
uity reduces the peak COM during single limb support. During
swing phase the hip of the swing limb is lowered, the knee is
flexed, and the ankle dorsiflexed to clear the toe of the swing
leg. Flexion of the lower limb joints and lowering of the hip
keeps the COM from moving up and down less than 5 cm (2 in.)
during normal gait.

3. Lateral pelvic shift in the frontal/coronal plane: Necessary for
balancing over the stance leg. The pelvis lists to the side, caus-
ing relative adduction of the stance weight bearing lower limb.
There is a side to side movement of the pelvis during walking
that is normally 2'5-5 cm (1-2 in.). The natural valgus between
the femur and the tibia brings the feet closer together during
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forward progression. The amount of lateral displacement can
be altered because of changes in foot placement width and rela-
tive weakness of the hip abductors.

4. Theinterchange of knee, ankle, and foot motions: This interchange
reduces the displacement of the COM and gives a smooth sinu-
soidal movement pattern. The ankle controls plantar flexion
from initial contact to loading, the knee flexes slightly to reduce
the peak of COM during single stance, the ankle progresses to
dorsiflexion during single support also reducing the peak of
COM displacement, and the foot progresses from a supinated
to a pronated position during weight acceptance to push off.
Inability to flex or lower the hip or flex the knee or ankle will
be seen during the qualitative evaluation as circumduction of
the relatively longer limb during swing phase or vaulting during
stance phase, with a noticeable increased vertical displacement
of the head (bobbing). This is more energy consuming and less
efficient.

AGE AND DIFFERENCES IN GAIT

The inverted pendulum model accurately predicts the general
pattern of mechanical energy fluctuations of the body during
walking and an optimal walking speed.!*

For adults the hip vaults over the stance leg like an inverted
pendulum. Two times during each gait cycle both hips simultane-
ously lift during midstance. The recovery of mechanical energy
of the COM in each gait cycle is similar for older children and
adults.!®> Toddlers are more variable from step to step than older
children and adults. The sinusoidal hip oscillations seen in adults
are lacking in toddlers. Also the forward energy of the displace-
ment of the COM is very irregular. Newly locomotive toddlers do
not implement the classic inverted pendulum mechanism, but
they do develop this over the first few months of ambulation.

As adults age, it is not unusual to observe decreased walking
speed and step length. This and the increased double support time
are well established by epidemiological and clinical literature.'®
Winter et al.'” noted that the reasons for these changes were not
well understood, questioning whether it was a “voluntary” self
selection for safety or physiologic decline and neuromuscular adap-
tation. Studies done recently!®-2? suggest that the changes in gait
in the aged have a physiologic basis. These changes may include
decreased range of motion, muscular strength, vestibular function,
vision, proprioception, and cardiopulmonary vitality. Studies have
pointed to a neuromuscular basis, but they have been inconsistent.
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A literature review by McGibbon!® gives strong evidence that
neuromuscular adaptations seen are responses to a primary impair-
ment and exist to provide a compensatory role.

A dramatic decrease in ankle power output during terminal
stance phase represents a consistent finding in age and impaired
related gait. This limits gait speed, length of steps, and may
cause variable stride characteristics that may be linked to falls in
adults.?? Inconsistent results from studies do point to compensa-
tion of this reduced ankle power through increased hip concentric
and eccentric power. This may possibly provide trunk stabilization
with hip extensors and in assisting with leg swing initiated by the
use of the hip flexors. Hip flexor contractures seen commonly with
sedentary adults may present additional limiting impairment in
combination with weak ankle push-off power.

MALE AND FEMALE GAIT
Relative weakness and reduced ability to stabilize the hip, pelvis,
and trunk are documented in women and female athletes.?*23
This has been demonstrated as reduced endurance of side bridg-
ing activity and decreased hip abduction and external rotation
isometric strength relative to men. But what are the consequences,
if any, of these findings? Women may be more vulnerable to large
external forces experienced by these proximal segments during
athletics, especially in the transverse and frontal planes. They may
be predisposed to excessive motion in the hip and trunk compared
to men, potentially permitting their entire lower extremity to move
into positions frequently associated with non-contact injuries.
Many studies?*-3! observe that women display greater hip internal
rotation and adduction during athletic tasks (Fig. 4.4). This func-
tional positioning has been demonstrated to be associated with
increased injury in retrospective and cross sectional studies.3?
Leetun et al.>* provided the first prospective study that dem-
onstrated this relationship and that the strength rather than the
endurance of core stability is the key to maximizing the capacity
of the lumbo-pelvic-hip complex during weight bearing athletic
activity.

CASE ASSESSMENT AND TREATMENT

This female runner demonstrated weakness of the proximal
stabilizers of the pelvis resulting in an abnormal running pat-
tern. Relative weakness of the external rotators and abductors
of the right hip placed the right hip in a more internally rotated
and adducted position during running. Initially, she was given a
routine of open and closed chain exercises designed to improve
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FIGURE 4.4. (A) Female and male walking (front). Note the relative hip internal
rotation and adduction in our female athlete. (B) Female and male walking
(back). Note the relatively lower COM and the relative increase of hip internal
rotation and adduction in our female athlete. Pictures by Kevin Lewter.
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the functional motion and stability of her spine, pelvis, and hips
through all plans of movement. Then she was placed on a series
of exercises that emphasized concentric, isometric, and eccentric
progressive strengthening in a functional fashion needed to reduce
this proximal muscle weakness. After 8 weeks of three times a
week conditioning, she was released to a progressive return to run-
ning program. Her impaired movement pattern did not return and
she is currently running without difficulty.

SUMMARY

Gait evaluation is an essential part of the assessment of hip and
pelvic integrity in an athlete. The evaluators’ implementation of
the examination takes time and patience to develop a clinically
efficient and effective evaluation, and a functional and anatomic
gestalt for identification of impairments which may be relatively
subtle. Through systematic understanding of the anatomy, neu-
romuscular interaction, kinematics, and kinetics involved in the
enterprise of locomotion, a more comprehensive clinical evalua-
tion can be achieved. An understanding of differences of age and
gender of athletes and patients can help the evaluator develop
a more definitive recommendation for resolution of pain and
impairment, and optimization of activities.
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Chapter 5
Imaging of Hip and Pelvis Injuries

Donald . Flemming and Eric A.Walker

CLINICAL PEARLS

e Tt is extremely important to provide the interpreting radiologist
with a detailed and accurate history in order to avoid under-
appreciation of subtle findings on the requested study.

e When interpreting plain radiographs, do not focus just on the
femoral head and hip joints. The scan must also include the
sacroiliac joints, lumbar spine, pubic symphysis, obturator
foramen, and adjacent soft tissues as well.

e If intra-articular pathology is suspected, the magnetic reso-
nance imaging (MRI) should be performed on a high field system
with a narrow field of view (as opposed to an open low field
magnet).

e Magnetic resonance arthrography (MRA) is the preferred
method of assessment of cartilage pathology in the hip joint.

e Stress fractures present on MR as a linear band of signal replacing
normal bone marrow.

e If femoroacetabular impingement (FAI) is suspect, radiography
should include a cross-table lateral view.

INTRODUCTION

Injuries of the hip and groin are not as common as those of the
extremities but are important to diagnose and treat accurately
because they can be associated with prolonged rehabilitation
times and significant disability.! Imaging plays an important role
in the accurate diagnosis of these injuries but should not supplant
a careful history and physical examination. Many factors must
be considered prior to requesting a radiologic study (i.e., age of
the patient; duration, type, and location of symptoms; and likely
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source of injury) because the optimal exam may be different if the
injured tissue is bone, muscle, cartilage, or tendon.

A physician evaluating an injured athlete has a tremendous
advantage over a treatment provider compared to 30 years ago
because of the relatively recent explosion of cross-sectional imaging
techniques including ultrasound (US), computed tomography (CT),
and, most importantly, magnetic resonance imaging (MRI). It is
vital that the referring clinician understands the advantages and
limitations of these various modalities to ensure that the most
cost-effective and accurate diagnosis can be rendered. The impor-
tance of providing a detailed and accurate history to the interpreting
radiologist cannot be over-emphasized.

MODALITIES

Radiography

Despite the proliferation of advanced imaging modalities, the
radiograph continues to be an important examination for the
evaluation of hip and groin pain.? This study is frequently referred
to as a plain film, but there is nothing simple about this examina-
tion despite its humble moniker. In fact, significant findings may
be under-appreciated by clinicians who are unaware of recently
described subtle radiographic manifestations of important sources
of hip pain such as FAIL. The advantages of radiography include
high spatial resolution, relative low cost, high specificity, and wide
availability.

It is absolutely paramount that the examination be properly
exposed and positioned. The proper examination of the hip should
include an anteroposterior (AP) view of the pelvis and a lateral
view of the hip. The AP view of the pelvis allows for side-to-side
comparison which may aide in the detection of subtle pathology.
Some authors recommend that the AP view be obtained in the
weight-bearing position, and although there are potential advan-
tages to this approach, no study has been performed to confirm
the superiority of this technique over standard non-weight-bearing
radiography. Regardless, the femurs should be internally rotated
to optimally evaluate the femoral neck on the AP examination
(Fig. 5.1a). There are two options for lateral radiography. The frog-
leg lateral view (Fig. 5.1b) is preferred for general diagnostic evalu-
ation of the hip but a cross-table lateral view (Fig. 5.1¢) should be
obtained if FAI is a clinical concern.

An organized approach to the evaluation of the radiograph
increases the likelihood of detection of pathology. The interpreter
must remember to include the sacroiliac joints, lumbar spine,
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FIGURE 5.1. (A) Normal AP view of the pelvis. The curves formed by joint
surface of the femoral head and the acetabulum are parallel. The femurs
are internally rotated as indicated by the fact that the lesser trochanter
(white arrow) is barely visible. (B) Normal frog-leg lateral view of the hip.
(C) Normal cross-table lateral view of the hip.
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pubic symphysis, obturator foramen, and soft tissues in their
scan pattern and not to focus on just the femoral head and hip
joints.

uUs

US has limited utility for evaluation of hip disease outside the
pediatric population. The technique requires that the operator be
knowledgeable and the learning curve can be quite steep. However,
US can be used with success in the assessment of muscle and tendon
pathology. For example, the diagnosis of a snapping iliopsoas
tendon is rapidly and easily confirmed with US.

CT

CT is most commonly used to evaluate suspected or known frac-
tures. However, the development of helical CT in modern scanners
has led to the ability to perform reconstructed images in multiple
planes. Complex oblique images are now obtainable on-the-fly on
many workstations. Some investigators have taken advantage of
this capability and shown that CT arthrography can yield infor-
mation in patients who are not suitable for MRI evaluation regardless
of the reason.

It is extremely important that referring clinicians under-
stand that radiation dose is not insignificant with this modality.
Techniques not requiring radiation should be considered before
CT, particularly in young patients.

Magnetic Resonance Imaging

The introduction of clinical MRI has revolutionized the field of
musculoskeletal imaging and has improved our understanding of
injuries to the athlete. Although expensive and time-consuming,
MRI offers a global evaluation of the hip including assessment of
bone, cartilage, muscle, and tendons. The two most critical aspects
leading to successful diagnosis of pathology are the quality of the
examination and the experience of the interpreter.

Not all MRI examinations or scanners are equal and it is
extremely important that the referring clinician has an open line of
communication with the radiologist to ensure that the appropriate
examination is done with the appropriate equipment. One consi-
deration often is whether the patient should be scanned on an
open low field magnet or a closed high field system. In general, if
the question is fracture or muscle injury, either a low field or high
field system will yield equivalent results. However, if the question
pertains to intra-articular pathology such as cartilage defects or
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labral tears, then the examination should be performed on a high
field system with a narrow field of view.

Magnetic Resonance Arthrography
MRA is the preferred examination for the assessment of cartilage
pathology in the hip joint. Some investigators feel that high qual-
ity, small field of view imaging is sufficient for detection of pathol-
ogy but most radiologists prefer MRA. Diagnoses can be rendered
more confidently when the joint is distended by contrast. Although
MRA may be superior to non-contrast examination, it does have
some negative aspects. The examination is typically performed
following the direct administration of contrast into the joint which
requires the fluoroscopic guided introduction of a needle into the
joint, which can be painful for some patients. One distinct advan-
tage of direct arthrography is that additional diagnostic informa-
tion can be obtained if anesthetic is injected into the joint at the
same time as contrast. Relief of pain with provocative maneuvers
following the intra-articular injection of anesthetic can go a long
way toward confirming an intra-articular source of pain. Some
radiologists advocate the use of indirect arthrography which
involves intravenous injection of contrast with the imaging of the
joint following exercise and a brief delay. While this technique is
less painful, it does not distend the joint and is associated with
rare but potential allergic reaction to gadolinium contrast.

A summary of recommended examinations is provided in
Table 5.1.

TaBLE 5.1. Recommended Examinations

Diagnosis Radiograph CT us MRI MRA
Stress fracture e+ - - 4+ -
Acute fracture 4+ ++ - 4 _
Arthritis 4+ - - 4+ -
FAI +++ + - ++ +++
Labral tear - - - + St
Tendon injury + - ++ 4+ —
Muscle injury + + ++ . —

(-) Not indicated
(+) May be useful
(++) Useful

(+++) Recommended
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RADIOLOGIC DIAGNOSIS OF HIP PAIN IN ATHLETES

Osseous

Bone is an amazing organ system that develops on the basis of a
combination of genetic and physical influences. Bone, despite its
remarkable mechanical and physiologic properties, may fail in
response to excessive acute or chronic repetitive forces.

Stress Fracture

Stress fractures are a result of excessive force being applied to
bone in a chronic repetitive fashion. The normal physiologic
response to new stress to a bone is for remodeling to occur, but
if the osteoblastic response is outpaced by removal of bone by
osteoclasts, the bone can mechanically fail. Stress fracture should
be considered in the differential diagnosis of any patient who has
recently changed the intensity of his or her physical activity. In
addition to poor physical conditioning, risk factors for develop-
ment of stress fracture includes female gender, Caucasian race,
smoking, steroid use, tall/thin physique, and low sex hormones.3*
The basicervical portion of the femoral neck is the classic location
for stress fracture to occur in the hip or pelvis, but other described
locations include the pubic rami, sacrum, superior acetabulum,’
medial femoral diaphysis,® and even the femoral head.”

Radiographs are usually the first line modality used to evaluate
stress fractures. The appearance of a stress injury to bone will
be dependent on the temporal nature of the injury and the bone
involved. The initial radiographic examination may be completely
normal because 30-50% of bone must be resorbed for a lucency to
be appreciated on radiography. It is very important to make sure
that the femur is properly positioned for the radiographic exami-
nation.? The femur should be internally rotated approximately
10-15° to ensure that the femoral neck is adequately evaluated
(Fig. 5.2).

The classic radiographic findings that may be appreciated
include sclerosis and periosteal reaction.® The initial radiographs
may be normal. Sclerosis is usually in a linear pattern transverse
to the long axis of the involved bone. On occasion, this sclerotic
reaction and periosteal reaction can be exuberant leading to
concern for tumor. The linear nature of the abnormality and
the patient’s history will usually be sufficient to dispel concerns
about neoplasm. It is not uncommon for subtle findings to be
missed, particularly when the abnormality is in an unusual loca-
tion that may be obscured by bowel gas, such as the sacrum.
A high degree of suspicion and careful side-to-side comparison
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FIGURE 5.2. A 25-year-old runner with hip pain and completed stress frac-
ture. (A) AP view of the hip in external rotation. The lesser trochanter (white
arrow) is in profile indicating external rotation which foreshortens the femo-
ral neck. (B) AP view of the hip in internal rotation. The fracture that was not
appreciated in external rotation is now easily seen (black arrowheads). Note
the linear lucency laterally and the condensation of trabeculae medially.
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FIGURE 5.3. A 22-year-old active duty military woman with right hip pain
after recent increase in miles run per week. AP view of the pelvis shows
subtle band of sclerosis at the inferior basicervical portion of the femoral
neck (black arrows) indicating stress fracture.

of the AP radiograph of the pelvis will increase the likelihood of
detection of a stress injury (Fig. 5.3).

When a stress fracture is clinically likely, MRI of the hip should
be ordered if the radiograph is normal. The importance of early
detection has been emphasized because the prognosis is poorer
if the patient progresses to a complete or displaced fracture. The
MRI examination should evaluate the entire pelvis with both
T1 and a fluid sensitive sequence such as a fat-suppressed T2
weighted or short-tau inversion recovery (STIR) sequence.

Stress fractures present as a linear band of signal replacing
normal bone marrow.” On T1 weighted sequences, the normal
bright signal of fat will be replaced by a linear band of low signal.
On fat suppressed sequences, the normal low signal fat is replaced
by bright signal that may or may not surround a thin band of
low signal. The MRI presentation is usually very characteristic
(Fig. 5.4).

Two recently described presentations of stress injuries deserve
special mention: thigh splints® and subchondral stress fracture of
the femoral head.” Patients with thigh splints present with either
medial sided thigh or groin pain. This injury occurs secondary
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FIGURE 5.4. A 21-year-old active duty woman with left hip pain after
changing physical training regimen. (A) AP view of the pelvis shows subtle
sclerosis in the left femoral neck (white arrowheads). (B) Coronal T2 fat
saturation sequence clearly demonstrates diffuse edema of the femoral
neck (*) and medial callus formation (white arrow).
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to abnormal forces at the insertion of the adductor muscles on
the medial diaphysis of the femur. Radiographically, thigh splints
present as solid periosteal reaction along the medial aspect of
the femur. The correlate on MRI is high signal on fluid sensitive
sequences medial to the cortex of the diaphysis and the femur that,
unfortunately, can be easily overlooked.

Stress fracture in subchondral bone of the femoral head is a rela-
tively newly described condition that may be confused with avascular
necrosis (AVN). This diagnosis should be considered when findings
mimicking AVN are seen in the femoral head of an athlete without
risk factors for osteonecrosis. A correct diagnosis of subchondral
stress fracture in these patients leads to the correct treatment (rest)
and the prognosis is generally much better than that of AVN.

Acute Fracture

Acute hip or pelvis fracture is uncommon as a result of acute trauma
in athletics, even in high energy contact sports. Children are an
exception to this rule because of the inherent weakness at the physis
and apophyses of growing bone.!® Radiography with AP view of the
pelvis and orthogonal view of the symptomatic hip is usually suffi-
cient to render a diagnosis. Careful side-to-side comparison between
the affected and asymptomatic side helps with identification of subtle
nondisplaced fractures of the pelvis and proximal femur (Fig. 5.5).

FIGURE 5.5. A 13-year-old boy with left hip pain after being tackled while
playing football with fractured left acetabulum. An AP view of the pelvis
shows subtle asymmetry in the triradiate cartilage, which is wider on the
left (white arrowheads) than on the right (white arrow) indicating a Salter
I fracture of this growth center.
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Slipped capital femoral epiphysis (SCFE) is an important
diagnostic consideration in the pre-adolescent or adolescent athlete.
These patients are approximately 11 years of age with risk
factors including obesity and black race. SCFE can present bilater-
ally although it is not common to see both hips symptomatically
affected at the same time. Children present with either an acute or
a chronic history of groin pain. Radiographs are usually abnormal
(Fig. 5.6). The involved physis is usually widened and the proximal
femoral epiphysis is usually displaced inferiorly and medially rela-
tive to the femoral diaphysis.!' The displacement of the epiphysis
is sometimes appreciated on the AP view of the hip if the femoral
head is located below a line drawn along the superior border of
the femoral neck. This line (Kline’s line) should normally intersect
the superior lateral aspect of the femoral head. A lateral view will
confirm the displacement of the femoral epiphysis. MRI may be
useful in the situation when a radiograph is normal in a patient
with hip pain at risk for slipped femoral epiphysis. The MRI will
reveal widening of the physis with increased signal on fluid sensi-
tive sequences in the adjacent metaphysis.

FIGURE 5.6. A 13-year-old boy with right hip pain and slipped capital femoral
epiphysis. (A) An AP view of the pelvis shows subtle widening of the right
physis (hollow white arrowheads) in comparison to the left hip. Note that
the femoral head is below the Klein’s line (white dotted line) drawn parallel
to the superior aspect of the femoral neck, indicating the proximal femoral
epiphysis is inferiorly displaced. (B) Frog-leg lateral view confirms poste-
rior displacement of the femoral head.
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FIGURE 5.6. Continued.

The apophyses about the hip and pelvis are at risk for avulsion
and these injuries are being diagnosed with increased frequency
as children are exposed to highly competitive athletic activities
that require sudden or violent muscle contraction such as soccer,
hockey, gymnastics, and sprinting sports.!® The apophyses at risk
include the anterior superior iliac spine (ASIS) (sartorius origin),
anterior inferior iliac spine (AIIS) (rectus femoris origin), ischial
tuberosity (hamstring origin), ilium (oblique insertion), and
lesser trochanter (iliopsoas insertion). Diagnosis is usually readily
established with an AP radiograph (Fig. 5.7) although injuries in
the ASIS and AIIS may be better appreciated on view of the pelvis
oblique to the side of injury. Avulsion of an apophysis can be eas-
ily missed on MRI'? and may be better appreciated on US or CT if
confirmation is required in the setting of a normal radiograph.

Articular Pathology

There is an ever increasing body of knowledge directed at the early
detection of intra-articular injuries of the hip. Although the hip is
an intrinsically stable joint, it should be no surprise that cartilage
structure of the hip is at risk for tears as contact forces are three to
five times body weight or higher in athletes. It is very important to
remember to evaluate the sacroiliac joints and the pubic symphysis
for conditions such as sacroiliitis or osteitis pubis. Disease in both
of these joints may present as hip or groin pain in the athlete.
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FIGURE 5.7. A 16-year-old woman with acute onset of pain in left hip and
avulsion of the anterior superior iliac spine. (A) AP view of the pelvis shows
avulsion of the ASIS (white arrow). (B) Avulsion injury is better appreciated
on a left posterior oblique view of the left hip (white arrowhead).

Osteoarthritis

Patients with cartilage pathology present with pain that is frequently
associated with locking or clicking. Both the labrum and the
articular cartilage are at risk for injury. The labrum is a nerve
containing fibrocartilaginous structure that is at the periphery of
the joint. Its purpose is to deepen the articular socket and to help
maintain the normal negative pressure of the joint. Tears of this
structure can occur along its entire length but are most common
anterior superiorly and increase the likelihood of damage of the
articular surface.? Labral tears are associated with the accelerated
development of osteoarthritis. While congential and develop-
mental anomalies of the hip are a common cause of early onset
osteoarthritis, other potential causes include subclinical joint
laxity, history of acetabular or femoral neck fracture, osteonecrosis,
prior inflammatory arthritis, and inherited collagen production
anomalies.

Osteoarthritis presents radiographically as joint space narrowing
with osteophyte formation. Joint space narrowing can be subtle,
but comparison to the unaffected side can increase detection
of subtle alteration in joint dimensions. Joint space narrowing
usually occurs at the superolateral aspect of hip. The AP view of
the pelvis is usually sufficient for detection of joint space narrow-
ing but assessment of joint dimension should also be performed
on lateral views (Fig. 5.8). Posterior joint space narrowing is asso-
ciated with a poor clinical prognosis and should not be overlooked
on faux views of the acetabulum.!?
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FIGURE 5.8. A 39-year-old man with right hip pain and bilateral hip
osteoarthritis. AP view of the pelvis shows narrowing of the superolateral
right hip joint space with osteophyte formation (white arrow). Subtle supe-
rolateral joint space narrowing is also seen in the left hip.

Abnormal morphology of the joint whether from prior SCFE,
idiopathic AVN as a child (Legg—Calves—Perthes disease), or devel-
opmental dysplasia can lead to accelerated degenerative disease.
A surprisingly large number of these conditions can escape detection
at an early age and only are recognized when the patient presents
with hip pain as an adult.

Developmental Dysplasia

Patients with developmental dysplasia have less osseous coverage
of the femoral head than normal patients and are at increased risk
for the development of labral tear and early onset osteoarthritis.
Developmental dysplasia of the hip (DDH) is frequently detected
in infancy but there are subclinical cases that may elude typical
screening practices.

Radiographic changes of DDH may be very subtle but are
extremely important to recognize. Whenever there is poor
osseous acetabular coverage of the lateral femoral head, the
interpreter of a radiographic examination should consider DDH
as a diagnosis. Many measurements have been developed to con-
firm the radiographic diagnosis of DDH, but the most easily used
in clinical practice is the center edge angle of Wiberg.!# This angle is
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FIGURE 5.9. A 34-year-old man with right hip pain and developmental
dysplasia of the hip. AP view of the pelvis shows relative lack of coverage
of the lateral aspect of the femoral head that is suspicious for mild DDH.
The center edge angle measures less than 25°, confirming DDH.

easily assessed electronically on images in picture archiving and
communications systems (PACS). A horizontal line is drawn
between the centers of the femoral heads. Perpendicular lines are
drawn to this horizontal line extending through the center of the
femoral head. A line is then drawn from the center of the femoral
head to the lateral margin of the acetabulum. The angle formed
between the perpendicular and the lateral margin of the acetabulum
is known as the center edge angle and should be between 25° and
39° in the normal patient.!3!* A center edge angle of less than 25°
indicates DDH (Fig. 5.9).

Femoroacetabular Impingement

FAI has recently been recognized as an important source of hip
pain.'> Normal motion of the hip leads to impaction of the femoral
neck on the acetabulum and labrum. This mechanical impaction
leads to labral tears and osteoarthritis. FAI has been separated into
two basic types, cam and pincer. Most patients have a combina-
tion of both types. Cam impingement is caused by an aspherical
femoral head-neck junction. The pincer type of impingement is
produced by excessive acetabular coverage of the femoral head.
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The assessment for FAI begins with the radiograph. A properly
positioned AP view of the pelvis and cross-table lateral view are
used for primary evaluation.!'* These views are assessed for signs
of aspherical femoral head-neck junction, acetabular over-coverage,
and acetabular rim phenomenon.

The classic sign of cam type of impingement is excessive bone
formation at the femoral head-neck junction that can be appreciated
as flattening of the contour of the superolateral femoral neck on the
AP radiograph or of the anterior superior femoral neck on the lateral
view. The shape of the femoral head-neck junction can assume the
shape of a pistol grip as a manifestation of asphericity. The a-angle is
a measurement used to measure asphericity on the cross-table lateral
view and is best performed on a PACS workstation. A circle is drawn
around the femoral head and a line is drawn from the center of the
femoral neck that intersects the center of this circle. A second line
is drawn where the circle crosses the cortex of the anterior femoral
neck junction. The resulting angle should be less than 50° in a normal
patient (Fig. 5.10). Another manifestation of the same phenomenon is
femoral offset. This too is measured on the cross-table lateral view.

Osseous over-coverage of the femoral head is responsible for
the pincer type of FAL. Numerous measurements have been devised

FIGURE 5.10. A 41-year-old man with left hip pain and cam-type FAIL (A)
AP view of the pelvis shows bone formation at the superolateral aspect of
the femoral neck bilaterally (white arrows). Ossification is present in the
right acetabular labrum (white arrowhead). (B) Cross-table lateral view of
the left hp shows asphericity of the femoral head with abnormally wide
a-angle, which is seen in the cam type mechanism of FAIL
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FIGURE 5.10. Continued.

to assess over-coverage. The simplest measurement is a center-edge
angle greater than 39° (Fig. 5.11). Subtle forms of pincer impinge-
ment can occur particularly involving the anterolateral acetabular
rim. All AP radiographs of the pelvis should be assessed for the “cross-
over” sign at the anterolateral acetabulum. The anterior acetabular
wall should not project beyond the posterior acetabular wall in a
properly positioned AP radiograph of pelvis. If it does, this indicates
relative overgrowth of the anterior lateral acetabulum that can lead
to impingement (Fig. 5.12). However, before interpreting a positive
cross-over sign, one must make sure that the radiograph is properly
positioned.!'* The center of the sacrum should be directed at the pubic
symphysis to ensure that there is not excessive rotation of the pelvis
that may be confounding. Additionally, the distance from the superior
aspect of the pubic symphysis should be less than approximately
3.2 cm in men or 4.7 cm in women to correctly assess for focal acetab-
ular over-coverage. If the pelvis is too far tilted anteriorly, this distance
will widen and be associated with a false positive cross-over sign.

FAI may produce other findings that can be appreciated on
radiographs including some manifestations that up until recently
were discounted as normal variants. Chronic impaction may lead
to separation of the rim from the remainder of the acetabulum
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FIGURE 5.11. A 48-year-old woman with hip pain. Degenerative changes
with marginal osteophytes and protrusio acetabuli lead to pincer-type FAIL
In pincer-type FAI, acetabular overcoverage limits the range of motion and
leads to impaction between the acetabulum and the femur.

producing what has historically been described as the os acetabu-
lum (Fig. 5.13).'° Impaction may also induce a focal lucency in the
subcapital portion of the femoral neck (Fig. 5.14). This juxtaarticu-
lar cyst has been called a synovial herniation pit and was initially
described as a normal variant to avoid confusion with neoplasm.
This juxtaarticular cyst is now recognized as a manifestation of FAI
particularly when it is situated in the anterior superior portion of
the femoral neck.!” Finally, chronic impaction may lead to ossification
of the labrum itself.!® This pattern of ossification is different than
that of an os acetabulum but the distinction is not that important
because both foci of ossification are associated with FAL

Labral Tears
Labral tears are now widely recognized as a potential source of hip
pain in athletes. Patients present with hip pain that may or may
not be associated with clicking or a locking sensation. Patients
with DDH are at increased risk of developing labral tears.

Labral tears are best diagnosed using high quality MRA? even
though the diagnosis may be established by CT arthrography.



FIGURE 5.12. A 36-year-old woman with focal acetabular overcoverage and
pincer-type FAIL AP view of the pelvis shows anterior wall of the acetabulum
(black dotted line) crossing over the posterior wall (white solid line) superola-
terally. The point of intersection is indicated by the black arrowhead. This is
the abnormal cross-over sign indicating focal acetabular overcoverage.

. f

FIGURE 5.13. A 29-year-old man with left hip pain and os acetabulum. An
AP view of the pelvis shows an ossicle (white arrow) adjacent to the left
superolateral acetabulum, which is a secondary sign of FAI
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FIGURE 5.14. A 26-year-old woman with hip pain and synovial herniation
pit. Cross-table lateral view shows subcortical lucency in the anterior
femoral neck (white arrowheads) representing a secondary sign of FAIL

MRA offers a superior assessment of the surrounding soft tissues
such as muscle or tendon and, therefore, may provide important
additional information that cannot be obtained by CT. It is impor-
tant to consult with an experienced hip arthroscopic surgeon to
guide the evaluation of patients with potential hip pathology to
avoid costly repeat or unnecessary imaging.

Labral pathology can present in many ways on MRA including
abnormal morphology, abnormal internal signal, and detachment.
Paralabral cysts are an important indicator for adjacent labral
pathology because they develop from forced extrusion of joint
fluid through a defect in the labrum.

Hip Ligaments
Injuries or abnormalities of ligaments and capsule are most com-
monly recognized in the shoulder and not really considered frequently
in the hip because of the inherent stability of the joint. However,
subluxation of the hip joint can occur in athletes and tears of the
capsule and ligaments of the hip can transpire.”? Subluxation events
may also result in disruption of the ligamentum teres. The ligament
may be thickened or torn with resulting pain. Diagnosis of capsular
or ligamentous pathology is best accomplished with MR. In the acute
setting, frank disruption of the capsule or ligament can be seen.
Thickening of the capsule may also be appreciated on MRI
although the criteria for this diagnosis have not been widely
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accepted at this time. The cause of capsular thickening is not clear,
but the finding is more commonly seen in patients with osteoar-
thritis. The relationship between capsular thickening and adhesive
capsulitis has not been established in the hip, but one must wonder
if there is a correlate to findings that are more commonly associated
with the entity that has been well described in the shoulder.

Tendon

Multiple tendons are present around the hip that may be a source
of chronic or acute hip pain. In general, tendon disease usually is
not associated with radiographic findings. An important excep-
tion is calcific tendonitis. This entity, also known as hydroxyapa-
tite deposition disease (HADD) is an idiopathic condition that is
more commonly seen in the shoulder. However, the deposition of
hydroxyapatite crystals into tendons about the hip can be seen and
may be associated with pain (Fig. 5.15). Common locations for

FIGURE 5.15. A 42-year-old woman with left hip pain and calcific tendino-
pathy of the hip abductors. AP view of the left hip shows a calcification
in the hip abductor tendon immediately superior to the greater trochanter
(white arrow).
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visualization of HADD near the hip include the soft tissues lateral
and superior to the greater trochanter (hip abductors) and the soft
tissues posterior to the linea aspera (gluteus maximus).

Tendon degeneration or tear in the hip and groin is best
evaluated on MRI. The appearance of tendon pathology on MRI
is dependent on the extent of disease at presentation. Tendons are
black on all sequences in the normal situation and the insertion on
bone is also black. Acute avulsion or tear of a tendon is readily vis-
ible on fluid sensitive sequences (T2 weighted or STIR images) and
presents as increased signal (white) at the tendon-bone interface.
Increased signal may also be seen in the adjacent bone. Chronic
avulsion or tear of a tendon can be subtle on imaging but is more
readily appreciated if the injury is accompanied by heterotopic bone
formation and retraction and atrophy of the involved muscle.

In some cases, tendon degeneration, also known as tendinopa-
thy, may be associated with chronic pain in an athlete. Chronic dis-
ease in a tendon manifests as enlargement and internal increased
signal on MRI. Chronic degeneration of a tendon can easily be
overlooked on MRI and in fact, many cases of “trochanteric bursi-
tis” actually represent tendinopathy of the hip abductors.!®

Snapping Tendons

On occasion, a tendon may be responsible for a snapping sensa-
tion of the hip. If the snapping occurs in the groin, the iliopsoas
tendon may be snapping over an osseous prominence on the supe-
rior pubic ramus. The tensor fascia lata may snap over the greater
trochanter and produce lateral symptoms. Both conditions are
readily confirmed with US.?° Iliopsoas snapping can be confirmed
and successfully treated with fluoroscopically guided injection of
the iliopsoas bursa.?!

Sportsman’s Hernia

The so-called sportsman’s hernia has recently been recognized as an
important source of groin pain in athletes.?? Patients may present
with either the acute or chronic onset of pain that is worsened
by twisting motions or sit-ups. Sportsman’s hernia is a misnomer
because a hernia is not the source of groin pain in most patients
with this syndrome, and some authors prefer the term athletic pub-
algia to describe this clinical complex. These patients have tears of
either the adductor origin and/or the rectus abdominis insertion
on the pubic symphysis probably as a result of pubic instability.
Pubic instability may lead to plain film findings of osteitis pubis.
Osteitis pubis presents radiographically as sclerosis with vari-
able erosion that may simulate infection. The sportsman’s hernia/
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osteitis pubis complex is best visualized on MRI but can be easily
overlooked by the interpreter who is not searching for the findings
of this entity. Avulsion of the adductor origin or rectus abdominis
insertion will manifest as increased signal on T2-weighted images
at the level of the pubic symphysis?*?* (Fig. 5.16). As with all imag-
ing findings, the plain film or MRI results must be interpreted in
conjunction with findings on physical examination because positive
results in asymptomatic individuals are not uncommon.

Muscle

Muscle injuries of the lower extremities are very common. Imaging
of these injuries may be required not only for confirmation but for
determining treatment and prognosis. Muscle injuries have been
divided into different grades for research purposes, but from a
practical perspective, injuries are divided into minor requiring
minimal rest and major for those injuries requiring more
protracted recovery.?>2¢

Muscle injuries are usually not visible on radiographs.
Heterotopic ossification is the sequela of soft tissue injury that
may be visible on plain film. Recognizing heterotopic ossification
on radiograph is very important to avoid confusion with tumor.?’
Many patients report a history of blunt trauma that is followed
by the onset of severe pain and swelling. The initial radiographs
may not show any abnormality or findings may be limited to sub-
tle amorphous density. This will rapidly progress over weeks to
a classic pattern of zonal ossification that separates this disease
radiographically from neoplasm (Fig. 5.17).

Acute muscle injuries can be rapidly assessed by US when
the examination is performed by an experienced user. US mani-
festations of injury include interruption of muscle fibers and
hematoma.?® The presence of hematoma is an indication of a
higher degree of injury. Chronic injuries of muscle may be subtle
on US with focal atrophy and thickening of the myotendinous
junction representing indications of old trauma.

Muscle injuries are best imaged by MRI because it offers a
global assessment of muscle, tendon, and bone. MRI can accu-
rately assess and characterize both acute and chronic injuries.?%3°
Synchronous injuries are very common, so the entire extremity
or pelvis should be imaged when there is a clinical concern for
muscle injury. Increased signal in a muscle on T2-weighted images
is an indicator of acute tear although other causes may produce
the same MRI findings including contusion, delayed onset muscle
soreness, and denervation. The presence of a hematoma is an indi-
cation of a high-grade injury (Fig. 5.18).
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FIGURE 5.16. A 38-year-old man with left groin pain, osteitis pubis, and avul-
sion of adductor longus. (A) Coronal fat-suppressed T2-weighted image of
the pelvis shows a linear cleft of high T2 signal (white arrows) indicating a
tear of the adductor tendon origin. (B) Coronal fat-suppressed T2-weighted
image of the pelvis shows bone marrow edema (white arrowheads) in
the pubic symphysis indicating osteitis pubis. (C) Axial fat-suppressed
T2-weighted image of the pelvis shows high signal (white arrow) replacing
normal black in the left adductor longus origin indicating a tear.



FIGURE 5.17. A 44-year-old man with right pain and myostis ossificans.
Frog-leg lateral view of the right hip shows heterotopic ossification in the
soft tissues posterior and lateral to the femoral neck (white arrows).

FIGURE 5.18. A 19-year-old quarterback with muscle tear and history of
pop and immediate pain in left groin while playing football. Axial fat-
suppressed T2-weighted image of the left hip shows a hematoma (white
arrows) in the body of the adductor muscle indicating high grade tear.
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Chapter 6
Adult Hip and Pelvis Disorders

Peter H. Seidenberg

CLINICAL PEARLS

e Hip pain can originate from the hip joint, groin, surrounding
musculature, sacroiliac (SI) joints, lumbar spine, abdomen, or
pelvis.

e To ease in the clinical evaluation of possible etiologies of hip
pain, it is helpful to divide the hip and pelvis into anterior, lat-
eral, and posterior regions.

e Hernias should be considered in athletes with persistent hip,
groin, or pelvic pain despite conservative therapy.

e Functional leg length discrepancy can result from muscle
imbalances about the hip and pelvis and can further compound
the biomechanical deficits.

CASE REPORT: PRESENTATION

A 29-year-old male presents to your office with a complaint of
intermittent hip pain for the last 18 months, which has been
progressively getting worse over the last 2 weeks. He plays soft-
ball, baseball, and runs 3-5 miles 3 days a week. He also lifts
weights 2-3 days a week. He denies any history of trauma. He
states the pain occurred initially only with running and heavy
exertion, but now it has progressed to occur with walking as
well. He admits to experiencing pain and tightness down the
lateral side of his thigh to his knee. He denies weakness and
tingling. He denies a snapping sensation. He denies systemic
symptoms or incontinence of urine or stool. He has had no prior
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interventions besides rest, ice, and anti-inflammatory medication.
Despite the above measures, when he returns to activity, the
symptoms resurface.

Physical Examination

Physical examination reveals no erythema, edema, or ecchymosis.
He has normal, pain-free full range of motion of his hip although
he experiences pain with terminal flexion, abduction, and external
rotation. Palpation reveals tenderness over the greater trochanter,
the tensor fascia lata (TFL), and the gluteus medius. He has
negative log roll, flexion abduction external rotation (FABER),
Gaenslen’s, Gillet, and piriformis tests. Strength is 5/5 with hip
flexion, extension, and adduction. Abduction strength is 4+/5. He
is neurovascularly intact with normal sensation. He has a positive
Ober test, Ely’s test, and Thomas test. Long sit test is normal. He
has a compensated Trendelenburg on the affected side, but nega-
tive Stinchfield’s, and fulcrum tests. He has mild pes planus bilat-
erally. No imaging studies are performed at this time.

INTRODUCTION

Hip and pelvic injuries comprise 5-6% of musculoskeletal com-
plaints in adults. Athletic activities such as running, jumping,
dancing, and playing soccer have high incidences of such injuries
due to the substantial forces transferred across the joint and the
extremes of movement that occur during these activities.! Injuries
to the hip and pelvis can be frustrating for both the athlete and
the treating physician. Hip pathology can result in hip pain or
pain in other areas (e.g., knee). Additionally, injury and disease
from surrounding structures can refer pain to the hip. This
produces an extensive differential diagnosis of hip pain, which
includes both musculoskeletal and non-musculoskeletal etiolo-
gies (see Table 6.1). Furthermore, the evaluation is often made
difficult because injuries may involve a variety of soft tissues
and bone and may be acute, sub-acute, or chronic. This chapter
reviews the common musculoskeletal etiologies of pelvis and hip
pain, symptoms associated with the injuries, and their treatment.
In an attempt to simplify the approach to hip and pelvis pain,
the chapter divides hip and pelvis pathology into anterior, lateral,
and posterior causes of pain (Table 6.2). It is beyond the scope of
this chapter to discuss in detail the many problems outside the
hip and pelvis that refer pain to this area. The astute physician
will remember to perform an examination of the abdomen, spine,
and if appropriate, genitalia to rule out referred causes of hip and
pelvis pain.
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TABLE 6.1. Differential diagnosis of pelvic and hip pain

Hip/pelvis

Stress fracture of the femoral
neck

Pubic ramus stress fracture

Osteitis pubis

Snapping hip

Acetabular labral tear

Bursitis (iliopectineal,
trochanteric)

Avascular necrosis

Osteoarthritis

Synovitis or capsulitis

Hip dislocation

Femoroacetabular impingement

Gluteal strain/contusion

Piriformis syndrome

Coccygeal injury

Tliac crest contusion

Low back
Sacroileitis
Sacroiliac dysfunction
Sciatica
Nerve root impingement
Degenerative disk disease
Lumbosacral strain

Thigh

Muscle strains
Adductor longus
Rectus femoris
Tliopsoas
Sartorius
Gracilis
Tensor fascia lata
Hamstring

Femoral hernia

Lymphadenopathy

Meralgia paresthetica

Abdomen

Lower abdominal wall strain
of the rectus abdominis

Inguinal hernia

Ilioinguinal nerve entrapment

Sports hernia (hockey player’s
syndrome)

Abdominal organ conditions

Abdominal aortic aneurysm

Appendicitis

Diverticulitis

Inflammatory bowel disease

Pelvic inflammatory disease

Sexually transmitted diseases

Ovarian cyst

Ectopic pregnancy

TABLE 6.2. Summary of anterior, lateral, posterior hip, and pelvic pain

Anterior hip pain
Adductor strain
Quadriceps strain
Quadriceps contusion
Iliopsoas strain
Rectus abdominis strain
Pubic symphysis dysfunction
Osteitis pubis
Pubic ramus stress fracture
Femoral neck stress fracture
Hip dislocation

Avascular necrosis of the femoral head

Osteoarthritis
Acetabular labrum tear

Continued
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TABLE 6.2. Continued

Femoroacetabular impingement
Iliopsoas/iliopectineal bursitis
Sports hernia

Internal snapping hip

Lateral hip pain
External snapping hip
Hip pointer
Tensor fascia lata syndrome
Greater trochanteric bursitis
Meralgia paresthetica

Posterior hip pain
Hamstring strain
Ischial bursitis
Gluteus maximus strain/contusion
Gluteus medius strain
Sacroiliac dysfunction/sprain
Piriformis syndrome
Coccygeal injury

ANTERIOR HIP AND PELVIS PAIN

Adductor Strain (Groin Pull)

The adductor longus, adductor magnus, adductor brevis, pectineal,
and gracilis muscles are all adductors of the hip. Adductor strains
are the most common cause of groin and hip pain in athletes, with
the adductor longus the most often injured in sports.? Adductor
strain is caused by a sudden change in direction, sprinting, forced
external rotation of an abducted leg, a powerful abduction stress
during simultaneous adduction while performing a cutting move-
ment, or repetitive abduction of the free leg in a skating stride.
A disparity in strength between the adductor muscles and intrinsic
muscle tightness can also cause strain. Adductor strains are most
commonly seen in the sports of hockey and soccer. Differential
diagnosis includes avascular necrosis (AVN), femoral neck stress
fracture, iliopsoas/iliopectineal bursitis, osteitis pubis, osteoarthri-
tis, pelvic stress fracture, hernia, and athletic pubalgia.

In acute injury, athletes will complain of immediate pain pierc-
ing into the groin, inability to continue the activity, swelling, and
bruising. Delayed ecchymosis and soft tissue swelling may also
occur. Physical examination will reveal tenderness to palpation
along the subcutaneous border of the pubic ramus and along the
involved adductor muscles and tendons, pain with resisted adduc-
tion, and pain with passive stretching.
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Although the diagnosis is usually made clinically, radiographs
can be helpful in excluding fractures or avulsions. If the diagnosis
is still in question, magnetic resonance imaging (MRI) can be used
to confirm muscle strain or partial or complete tendon tears. The
most common site of strain is the musculotendinous junction of
the adductor longus or gracilis.

Treatment depends on the severity of the symptoms. Initially,
rest from aggravating factors for 1-2 weeks with ice, compression
shorts, and nonsteroidal anti-inflammatory drugs (NSAIDs) pro-
vide symptomatic relief. The goal of physical therapy is to restore
the range of motion, to prevent atrophy, and to regain strength,
flexibility, and endurance. Therapy should be instituted as soon
as pain allows and should initially include isometric contractions
without resistance, followed by isometric contractions against
resistance, limited by pain. Athletes can begin a stretching pro-
gram after the inflammation subsides. Applying heat increases the
extensibility of the collagen in the tendons and muscles and will
be beneficial during this point in rehabilitation.? Maintaining car-
diovascular fitness with aerobic exercises that do not exacerbate
the pain should be encouraged. Prevention and correction of pre-
disposing biomechanical factors should be included in the reha-
bilitation program. When the athlete has regained 70% of his or
her strength and pain-free full range of motion, return to play may
be allowed (SOR-C).* This return may take 4-8 weeks for acute
injuries and up to 6 months for chronic strains.>® Athletes with
chronic adductor longus strains that have failed several months
of conservative therapy have been shown to do well after surgical
tenotomy and should be referred to a sports medicine orthopedic
surgeon for this consideration. Complete tears of the tendinous
insertion from the bone are relatively rare and generally do better
with surgical repair (SOR-C).78

Rectus Femoris Strain/Quadriceps Strain
The rectus femoris is heavily recruited and frequently overused
during jumping, running/sprinting, skating, and bicycling. The
rectus femoris has two origins: (1) an anterior tendon from the
anterior inferior iliac spine (AIIS) and (2) a posterior tendon from
a brim above the acetabulum. The two combine to insert as the
patellar tendon at the tibial tuberosity. The main action of the
rectus femoris is to flex the hip and extend the knee. Injuries usu-
ally occur at the musculotendinous junction as a result of a heavy
eccentric load.’

Athletes may report a feeling of a “pulling” sensation and pain
in the anterior thigh. The pain often radiates to the thigh and
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inguinal area. Physical examination may show reproducible pain
with resisted hip flexion or knee extension, tenderness to palpa-
tion, and possibly a palpable defect or mass. A rectus femoris
strain is typically diagnosed clinically, but if an avulsion injury to
the AIIS is suspected, radiographs should be ordered.

Initial treatment consists of rest, ice, compression, protected
weight bearing, gentle range of motion, and quad set exercises.
Ice massage progressing to ultrasound and ice contrast should
also be started early in the rehabilitation course (SOR-C).!° Use
of NSAIDs in acute muscle injury is controversial in the first 48 h
due to anti-platelet effects but is recommended for pain control
after 48 h (SOR-B).!!!3 Rehabilitation goals include restoration
of strength, range of motion, and sport-specific skills prior to run-
ning. Strengthening exercises are initially concentric and progress
to eccentric. A good concentric exercise to start the athlete with
is backward walking and running followed by progression to for-
ward running. The athlete can return to running when his or her
knee range of motion is 80% that of the unaffected side (SOR-C).
Depending on the severity of the injury, return to competition is
usually after 2—-6 weeks. Return to running prior to full restoration
of strength, flexibility, and endurance puts the athlete at risk of
impaired performance and recurrent injury.'

A partial quadriceps tear can result in hematoma forma-
tion in the muscle. Myositis ossificans can be a complication as
the hematoma resolves. Initial bleeding leads to formation of a
hematoma, which later calcifies within the muscle, reducing flex-
ibility. Keeping the muscle in a lengthened position the first 24 h
after injury can help maintain flexibility and decrease bleeding
through tamponade. The usual symptoms include a painful, pal-
pable mass with progressive loss of motion. Treatment is discussed
further under quadriceps contusion.

Quadriceps Contusion
Contusion to the quadriceps muscle is a common injury in contact
sports and is caused by a direct blow to the thigh, which com-
presses the quadriceps into the femur. Examination often reveals
tenderness, swelling, and a hematoma on the anterior thigh. A loss
of knee flexion is often present. As in quadriceps/rectus femoris
strain, myositis ossificans development may be a complication
and can be reduced by immediate treatment intervention. The
incidence of myositis ossificans is 9-20%.'>

Radiographs should be taken to rule out femur fracture.
A bone scan is often used to track myositis ossificans formation
and to determine whether the process is still active or mature
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(cessation of active calcification).!® Radiographic evidence of
calcification due to myositis ossificans may not be present for
weeks following injury and, therefore, a presumptive diagnosis
of myositis ossificans is often made after a severe contusion does
not show rapid improvement. To help differentiate late presenting
myositis ossificans from a sarcoma, computed tomography (CT)
scan is often utilized.

Initial treatment is essentially the same as with quadriceps
strain/rectus femoris strain. It begins with immediate application
of ice with a compression wrap for 10 min per waking hour for
3-5 days. Active knee flexion should be sustained only to the point
of slight discomfort or as tolerated by placing a pillow underneath
the knee. Weight-bearing as tolerated is allowed with active range
of motion performed within the pain-free range. Deep massage,
passive stretching, and ultrasound should be avoided, as these can
increase muscle bleeding. Active flexion should be encouraged and
continued frequently. Heat and cold contrasts and strengthening
exercises are initiated after the swelling begins to decrease. Return
to play may be allowed after the athlete gains quadriceps length
and strength equal to 90% of the unaffected side (SOR-C).

Treatment of myositis ossificans is similar to that of quad-
riceps strain, with an initial short period of rest with protected
weight-bearing with crutches once recognized. Loss of hip range
of motion due to restricted muscle function may occur after the
acute phase; therefore, early rehabilitation should include active
stretching and strengthening exercises. Vigorous massage or
manipulation will increase hematoma formation and formation
of the calcific mass. Surgical treatment generally is not indicated,
but if necessary, it should be delayed 6-12 months until the mass
has matured (SOR-C).!” Radiographic resolution is not necessary
for return to play; however, rehabilitation to achieve full strength
and flexibility is mandatory. Wearing protective padding over the
affected area should be considered as well.

lliopsoas Strain/Hip Flexor Strain

The iliopsoas muscle is a strong flexor of the hip and can be injured
when the thigh is forced into extension or is blocked during active
flexion. This injury often occurs in soccer players who are hit as
they extend the leg to kick the ball. It also occurs in weight lifting,
uphill running, and sit-ups.

Athletes may present with a complaint of sharp, deep groin
pain. Physical examination typically reveals increased pain with
active resisted hip flexion and passive external rotation or exten-
sion. Initial treatment involves rest and protection, followed by
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rehabilitation within the limits of pain. In adults, this injury may
result in a partial or complete tear at the musculotendinous junc-
tion. With tears, it may be necessary to wait 4-6 weeks before
return to play.'8

Rectus Abdominis Strain

The rectus abdominis originates on the pubic bone, close to
the origin of the adductor longus. As such, injury to the rectus
abdominis may easily be confused or coexist with an adductor
injury. Injury is typically caused by overzealous sit-ups or weight
training.? Athletes typically complain of deep groin pain that is
worsened with the above activities. The differential diagnosis
includes abdominal pathology, sexually transmitted diseases,
inguinal hernia, adductor strain, and osteitis pubis.

On physical examination, pain is reproduced by palpation of
the superior pubic ramus and is exacerbated in the supine patient
by a bilateral straight leg raise. Treatment includes relative rest,
avoidance of provocative activities until pain subsides, and a
physical therapy program that includes core stabilization.

Pubic Symphysis Dysfunction
Pubic symphysis dysfunction is an underappreciated source of pubic
pain. This injury typically occurs during a high-speed cutting
activity and is often present concurrently with an adductor strain.
Although rare, the disorder can also be seen surrounding preg-
nancy, with widening of the pelvic joints occurring to allow pas-
sage of the infant through the pelvis during delivery.!® Additionally,
trauma to the pelvis or a significant axial load to the lower extrem-
ity may result in dysfunction.?? Other etiologies in the differential
diagnosis of pubic symphysis pain include osteitis pubis and pubic
rami stress fracture. Athletes may complain of suprapubic pain,
tenderness, swelling, suprapubic pain with urination, pain radi-
ating to the groin, and exacerbation of symptoms with walking,
climbing stairs, turning in bed, getting up from a chair, or lifting.
The pain may even be accompanied by a clicking sensation.?°

The physical examination includes evaluation of the position
of the pubic tubercles by palpating their borders to assess right-
to-left variation in the frontal plane. Pubic symphysis dysfunction
is present if the pubic bones are not level and tension of the two
inguinal ligaments is asymmetric. Pain is also evoked by a lateral
compression test. Rarely, a palpable groove at the level of the sym-
physis may be detected. Flamingo view radiographs may be help-
ful and are considered positive when alternating weight-bearing
views show a shift of at least 2 mm in the pubic symphysis.?°
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An elevated or depressed pubic bone may be reduced by the
“adductor squeeze.” This is performed by having the athlete lie in
a supine position with the knees and hips flexed and abducted. The
examiner places his or her forearm between the athlete’s knees,
and the opposite knee is grabbed with the free hand. The athlete
is then asked to abduct the knees for 5 s and repeat three times.
This is followed by three maximal adduction contractions for 5 s.
An audible “pop” signifies reduction.?!

If asymmetry is not detected, the injury may be treated con-
servatively with a short amount of bed rest; pelvic support with
a brace, girdle, or compression shorts; assisted ambulation with
a walker or crutches; and a graded exercise program including
pelvic stabilization. NSAIDs are helpful for pain control. Adding
acupuncture and symphyseal injections to conservative therapy
have also been shown to relieve pain.!?2°

Osteitis Pubis

Osteitis pubis is a painful condition that affects the pubic sym-
physis and surrounding tendinous attachments. It is a chronic
inflammatory condition that is more commonly reported in
sports requiring cutting, twisting, pivoting on one leg, excessive
side-to-side motion, or multidirectional motions with frequent
acceleration and deceleration — notably running, rugby, ice and
field hockey, football, basketball, and soccer.?? It is also common
in exercising pregnant women and postpartum women because
of the instability of this joint related to the hormone relaxin.?
Many etiologic factors have been proposed for the development
of osteitis pubis, including instability of the SI joint, repetitive
adductor muscle pull at the origins of the pubic rami, overuse and
microtrauma of the muscles associated with running and kicking,
excessive frontal or up-and-down pelvic motion, and limitations of
hip joint movement.?? The differential diagnosis of osteitis pubis
should include pubic ramus stress fracture, pubic symphysis
dysfunction, hernias, and osteomyelitis.

Athletes describe a gradual onset of pain in the pubic region,
which may radiate to the hip, groin, abdomen, proximal medial
thigh, testicle, and scrotum, as well as perineal, suprapubic, or ante-
rior pubic areas. The pain is often described as sharp, stabbing, or
even burning and may be exacerbated by striding, pivoting (especially
on one leg), twisting, climbing stairs, kicking, sit-ups, leg raises, or
Valsalva maneuvers. Athletes may also describe an audible or palpa-
ble clicking sensation at the symphysis with certain activities.??

Physical examination reveals tenderness over the pubic
symphysis and adductor origins of the inferior pubic ramus,
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limited rotation and pelvic obliquity due to surrounding muscle
spasm of the adductors, and exaggeration of symptoms with pas-
sive hip abduction, active hip flexion, or active adduction. The
lateral pelvic compression and cross-leg tests are often positive.
Trendelenburg’s test is often positive indicating weak hip abduc-
tors, and in severe cases, the athlete may have an antalgic gait with
partially flexed hips and knees.??

Anterioposterior (AP) and lateral radiographs of the pelvis
should be obtained. It is important to note that radiographs can
lag behind clinical symptoms by as much as 4 weeks. As the dis-
ease progresses, reactive sclerosis of the adjacent pubic bones,
erosion and resorption of the symphysis margins, and widening
of the joint space may appear on the X-ray.?? If the pain is long-
standing, a bone scan or MRI should be performed.?* They often
reveal symmetric involvement of the pubic symphysis, which is in
contrast to tumors, tendonitis, strains, or pelvic fractures. If insta-
bility is suspected, one-legged standing flamingo views should be
performed. Instability is defined as greater than 2 mm height dif-
ference between the superior rami of the symphysis.??

Various treatment options have been suggested, but initially,
the goal is to reduce inflammation and remove the provocative
activity by modifying training — decrease mileage, prevent over-
striding, and eliminate downhill running. NSAIDs and ice should
be used for symptom reduction. Oral corticosteroids can be used
if the athlete demonstrates intense pain from inflammation.??
Corticosteroid injection into and around the pubic symphysis may
be considered in athletes with refractory symptoms.?* However,
prior to injection, blood tests to assess for leukocytosis should be
performed to rule out osteomyelitis as a possible cause (SOR-C).?

A structured physical therapy program should begin when
pain and inflammation are reduced. Modalities such as ultrasound
and phonophoresis may assist with pain control. Leg length dis-
crepancy should also be corrected if found. A graduated exercise
program should be utilized with the goal of returning the athlete to
a pre-injury level of participation. However, patience is required,
as this may take from 3 to 6 months or longer.

Pubic Ramus Stress Fracture

Pubic ramus stress fractures account for a small percentage of
the stress fractures experienced by athletes. The etiology of pubic
ramus stress fractures has not been determined, but one common
thought is that it often starts with a periosteal reaction at the
adductor muscle origin on the pubis as a result of the tensile forces
produced by these muscles. This type of stress fracture is usually
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seen in distance runners undergoing a rapid change in distance
or speed. Athletes complain of an insidious onset of pain that is
exacerbated by activity and relieved by rest. It may be localized to
the inguinal, peroneal, or adductor region.!??

Physical examination reveals tenderness on the inferior aspect
of the pubic rim, an antalgic gait, and a positive standing sign
(frank pain or inability to stand unsupported on the affected leg).
Hip range of motion is often normal. Radiographs may not be posi-
tive for several weeks after the initial injury and, if obtained late in
the healing phase, can show abundant callus that can be confused
with malignancy.!? If the X-ray is negative and a stress fracture is
still suspected, then advanced imaging is indicated. The most sen-
sitive tests in early diagnosis of stress fractures are the bone scan
and MRI.?® Treatment consists of avoiding pain-inducing activities
for 4-6 weeks. The athlete should focus on non-weight-bearing
activities and stretching of the adductor muscle group and hip
joint capsule. This is followed by a gradual functional progression
to activity. Most athletes will show a response to treatment in 3-5
months. In addition, evaluation of the athlete’s nutritional intake,
estrogen status, and training program is warranted.

Femoral Neck Stress Fracture

If the diagnosis of a femoral neck stress fracture is delayed or
missed, it can be a potentially career-ending injury with serious
complications including AVN, nonunion, and varus deformity.
As such, the clinician needs to maintain a high index of suspicion
for this injury. This type of fracture often occurs in distance run-
ners and is usually preceded by a recent change in mileage or
intensity. It also can be caused by overuse, impaired bone metabo-
lism, and a loss of shock absorption due to muscle fatigue. Other
risk factors include training errors, inadequate footwear, running on
poor surfaces, and coxa vara.?”?® The differential diagnosis includes
AVN, hip flexor tendonitis or bursitis, hernia, and osteitis pubis.

The athlete may describe an aching pain sensation in the groin,
hip, thigh, or knee, which abates shortly after cessation of activity.
Nocturnal pain is also common. Pain is frequently associated with
exertion and weight-bearing. The athlete often notes a progressive
limitation of activity because of the pain.

Physical exam findings include pain with internal rotation and
with hopping, limitation of hip motion secondary to regional muscle
guarding, pain with axial compression, pain with percussion over
the greater trochanter, positive log roll, pain with FABER test,
and an antalgic or painful Trendelenburg gait. Pain is also often
present at the end range of hip motion. Many feel that a single leg
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hop test should not be performed in a patient suspected of having
a femoral neck stress fracture for fear of completing the fracture
(SOR-C).

If a femoral neck stress fracture is suspected and physical
exam findings are suggestive, then it should be considered to be
present until proven otherwise. Distinct radiographic findings may
not develop until 24 weeks after the initial injury. Bone scan is the
most sensitive test in early diagnosis and is indicated if pain has
been present for less than 3 weeks. However, bone scans have a
poor specificity, with a positive predictive value of only 68%.2° MRI
has the advantage of greater localization and grading of injury
severity and in differentiating stress fracture from other bone and
soft tissue conditions.!? Additionally, studies have found MRI for
the diagnosis of femoral stress fracture to be both 100% sensitive
and specific.??3°

Femoral neck stress fractures can be classified as tension,
compression, or displaced fracture. Tension stress fractures, also
known as distraction fractures, are more common in older patients
and occur on the superolateral side and have a high likelihood of
displacement with continued stress. These should be referred
immediately to an orthopedic surgeon (SOR-C).

Compression fractures are more common in younger patients
and occur on the inferomedial or compression side of the femo-
ral neck. If the fracture involves less than 50% of the width of
the femoral neck, there is low risk for displacement, and it can
be treated with prolonged non-weight-bearing until pain free. Some
patients may even require a short time on bed rest. The athlete
should not progress from non-weight-bearing with crutches until
there is evidence of radiographic healing. Frequent radiographs,
as often as weekly, should be performed until complete healing is
documented. Supervised gradual return to activity can than occur.
Recurrence of pain requires rest for 2-3 days, and then resumption
of activity at the last tolerated level. Progression of the fracture is
an indication for immediate orthopedic referral.!?

A displaced fracture is a combination of both the tension and
compression fractures, which results in displacement of the femoral
head. This type of femoral neck stress fracture is an orthopedic
emergency requiring immediate surgical reduction and internal
fixation. Postoperatively, the athlete is kept non-weight-bearing
for the first 6 weeks, then partially weight-bearing for another 6
weeks, at which time a progressive activity and weight-bearing
rehabilitation program is started.' Exact time lines for return to
activity depend upon the nature of the fracture, type of fixation
utilized, and surgeon’s preference.
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The primary goal in management of femoral neck stress fractures
should be to prevent complications through early diagnosis and
careful treatment. Athletes must be told that stress fractures of
the femoral neck are serious injuries that can compromise their
careers. If a stress fracture is suspected, the athlete should remain
non-weight-bearing on the affected leg until a stress fracture is
ruled out. Return to play or normal activities following a stress
fracture can take as long as 4-5 months.

Hip Dislocation

The hip joint is an extremely stable joint, and great force is usu-
ally required to dislodge it (except in the elderly or those with
osteoporosis). A trauma with high energy directed along the axis
of the femur when the hip is in the extremes of its normal range
of motion is required to cause a dislocation. Hip dislocations can
be anterior, posterior, or central. Posterior dislocations account
for 90% and anterior dislocations account for only 8-15%.3233 At
least 70% of posterior hip dislocations occur as a result of a motor
vehicle collision.!3* Because of the large amount of force required
to produce a hip dislocation, the clinician must maintain a high
index of suspicion of associated injuries, such as fractures of the
femoral neck, femoral head, and/or acetabulum.

When a hip dislocation occurs, the athlete is immediately disa-
bled and complains of extreme pain. Attempts to move the hip will
increase discomfort. Posteriorly dislocated hips are characteristi-
cally held in adduction, internal rotation, and slight flexion. The
femoral head may be palpable posteriorly.

Hip dislocations are orthopedic emergencies. Attempts at
reduction should not be performed on the playing field; however,
it is critical to perform an on-field neurovascular examination
because sciatic nerve injury is observed in 10-14% of patients
with posterior dislocations. The athlete should be immobilized
and transported to the emergency room for definitive evaluation
and treatment.?>3 A hip trauma series of radiographs should
be obtained in the emergency room, including AP and oblique
views of the pelvis. CT scans are not routinely obtained prior to
reduction because of the need for rapid treatment. This is usually
obtained post reduction.

Prompt reduction using proper technique is the most impor-
tant factor in decreasing the incidence of late sequelae, including
AVN of the femoral head, sciatic nerve injury, future degenerative
joint disease, and chondrolysis. The blood supply to the femoral
head reaches a minimum level after 24 h, and reduction after 24 h
has been shown to cause an increase in osteonecrosis and



128 P.H. SEIDENBERG

post-traumatic arthritis. A reduction within 6 h enhances early
and complete recovery of the vascularity to the femoral head. For
this reason, delays of more than 6 h should be avoided (SOR-B).3¢

Reductions of hip dislocations are usually performed under
general anesthesia to allow adequate muscle relaxation and to
reduce the amount of trauma associated with reduction. Some
of the hip reduction techniques used include Bigelow, Stimson,
Allis, and Whistler methods. Detailed discussion of hip reduction
is beyond the scope of this chapter.

AVN of the Femoral Head
AVN of the femoral head in adults is a poorly understood condition
in which the circulation to the femoral head is disrupted resulting
in bone death and osteophyte formation. The segment that has lost
blood supply usually collapses and causes progressive arthritis of
the hip joint. There are both traumatic and nontraumatic causes
of AVN. Traumatic causes include displaced fractures of the femo-
ral neck and hip dislocation. Nontraumatic causes are not as well
defined, but the most common underlying factors include sys-
temic corticoid steroid use (typically high dose) and heavy alcohol
intake, which are retrospectively present in 80% of cases.?’

Athletes usually present with nonspecific groin or hip pain
that gets worse with weight-bearing and nonspecific hip motion.
Rest and night pain also occur. Hip range of motion and gait are
usually normal unless the process is advanced. AP and lateral
X-rays of both hips are essential. Films taken at the time of injury
are normal unless a fracture is present. The earliest changes
on X-ray are not evident until 3 months after the initial injury.
Osteopenia or a mottled appearance of the AP aspect of the
femoral head consisting of patchy areas of sclerosis and lucency
is the earliest X-ray finding. As the injury progresses, collapse of
the involved segment and secondary degenerative changes and
arthritis occur. If the disease is suspected and radiographs are
normal, an MRI or bone scan should be ordered as these are the
gold standard diagnostic studies for AVN.3%3° MRI has a sensitiv-
ity of greater than 90% with a high specificity as well. The use
of gadolinium increases the likelihood of detection early in the
course of the disease. This is in contrast to radionuclide scan
which has decreased sensitivity in the settings of early or bilat-
eral disease (SOR-B).38

Management depends on the stage of the disease and should be
coordinated with an orthopedic surgeon. The most important fac-
tors in making the diagnosis of AVN are a high index of suspicion
and awareness to predisposing history.



6. ADULT HIP AND PELVIS DISORDERS 129

Osteoarthritis

Osteoarthritis of the hip is the end stage of many different disorders.
It is the main cause of anterior hip pain in patients over 50 years
of age.*0 It may also be a source of hip pain in runners. For a more
complete discussion of osteoarthritis, see Chap. 14.

Acetabular Labral Tear

Like the shoulder, the hip has a labrum consisting of a fibrocar-
tilaginous rim that serves to deepen the acetabulum. Tears of the
labrum typically present after an athlete has experienced some
form of trauma such as slipping, twisting, or dislocation. Labral
tears can also be associated with osteoarthritis. The differential
diagnosis includes external and internal snapping hip, osteonecrosis,
and synovial chondromatosis.

Classic symptoms of a labral injury include painful catching or
clicking, episodes of sharp pain precipitated by pivoting or twisting,
worsening pain with extension, and a feeling that the hip is “giving
way.” Physical exam reveals palpable clicking on Thomas flexion-
to-extension, which frequently correlates with the finding of labral
tears at arthroscopy (SOR-B).*! Bringing the hip from full flexion,
external rotation, and abduction into extension with internal rota-
tion and adduction is useful in diagnosing anterior labral tears; and
bringing the hip from full flexion, adduction, and internal rotation
to extension with abduction and external rotation is reported by
some experts as useful for posterior labral tears. However, Browder
et al. found an inter-examiner reliability of only 48% (SOR-B).*

Plain radiographs are essential in that they can show other
sources of intra-articular disease that can account for the symp-
toms. MRI can be useful in further screening for osteonecrosis,
synovial chondromatosis, and other diseases. Injection of local
anesthetic into the joint guided by fluoroscopy can also be useful
in diagnosing labral tears. If the symptoms resolve after injection,
an intra-articular etiology is more likely (SOR-C).** Hip arthros-
copy or magnetic resonance arthrography (MRA) are the diag-
nostic investigations of choice in acetabular labral tear diagnosis.
MRA has reported sensitivities greater than 90% (SOR-B).*

Conservative management with anti-inflammatory medica-
tions and physical therapy may be useful. Once the diagnosis is
made, some authors recommend protected weight-bearing for
4 weeks. However, this intervention only resulted in symptom
resolution in approximately 13% of patients.**> Subsequently, if
conservative measures fail, surgical intervention by hip arthros-
copy should be offered. This is also the preferred method of treat-
ment for many experts (SOR-C).*
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Femoroacetabular Impingement
Femoroacetabular impingement (FAI) is caused by impingement
of the anterior femoral head-neck junction against the adjacent
anterosuperior labrum. Recognition of FAI can be clinically and
radiologically difficult. However, familiarity with this disorder is
essential, as it is thought to lead to osteoarthritis in young adults
despite having normal anatomy and intra-articular pressures.*47
Clinically, patients present with groin pain or pain over the greater
trochanter#® as well as grinding or popping. Patients report pain
with flexion and internal rotation and after prolonged sitting. On
examination, there is a decrease in internal rotation that appears
out of proportion to the loss of other ranges of motion. The
impingement test, elicited by 90° flexion, adduction, and internal
rotation of the hip, is almost always positive (SOR-C).#

The imaging findings of FAI can be seen on plain radiographs,
CT scan, MRI, or MRA. Some of the abnormalities seen include an
abnormal lateral femoral head/neck offset seen as a lateral femoral
neck bump, os acetabulae, synovial herniation pits, acetabular
over-coverage, hyaline cartilage abnormalities, and labral tears.
One study found that 100% of patients with FAI had evidence of
labral pathology (SOR-C).*# Treatment of FAI has traditionally
been surgical. ¥

lliopsoas/lliopectineal Bursitis
Bursitis is an inflammation of the saclike cavities associated with
joints and bony prominences. In the hip and pelvis, the ischial,
iliopectineal, and greater trochanteric bursae are commonly
injured. Ischial and greater trochanteric bursitis will be discussed
with posterior and lateral hip pain, respectively. There are gener-
ally two mechanisms of hip bursitis; inflammation due to excessive
friction (most common) and post-traumatic injury. Direct blows
and contusions can cause bleeding into the bursa and may result
in hematoma formation. The iliopsoas/iliopectineal bursa is the
largest bursa in the body and communicates with the hip joint in
15% of athletes.* This bursitis is associated with sports requiring
extensive use of the hip flexors (i.e., soccer, ballet, uphill running,
hurdling, jumping) and may be particularly disabling for athletes.
Athletes may present with severe, acute, deep groin pain radi-
ating to the anterior hip or thigh. The pain may be great enough
to disrupt normal gait and cause a limp, and it is often associated
with a snapping sensation. Athletes will assume a position of hip
flexion and external rotation to obtain relief.>! Pain is often related
to the iliopsoas tendon snapping over the iliopectineal eminence.
Symptoms may be exacerbated by hip extension (stretching of
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the iliopsoas) or when the supine athlete raises his or her heels
off the table approximately 15°, thereby isolating the iliopsoas.>?
Deep palpation of the femoral triangle where the musculotendi-
nous junction of the iliopsoas lies elicits pain.’® MRI reveals a
collection of fluid coursing adjacent to the muscle with iliopsoas/
iliopectineal bursitis.>3

Treatment is almost always nonoperative and consists of rest,
ice, NSAIDs, and stretching of the iliopsoas. If symptoms are
recalcitrant to conservative therapy, corticosteroid injection or
even release of the iliopsoas tendon near its insertion on the lesser
trochanter and/or excision of the bursa may be necessary.*°

Athletic Pubalgia (Sports Hernia)

Athletic pubalgia is a controversial injury. Some authors distin-
guish hockey player’s syndrome, Gilmore’s groin, sports hernia,
and athletic pubalgia from each other. However, for the purpose
of brevity, the author has chosen to label all of these as sports
hernia. Sports hernia involves injury to the posterior wall of
the inguinal canal and can appear as a tear of the transverses
abdominis muscle or as a disruption to the conjoined tendon (ten-
don of insertion of the internal oblique and transverses abdominis
muscles). The internal oblique muscle and external oblique apone-
urosis of the internal inguinal wall may also be involved.3>4->¢ This
injury is more common in men than women and typically occurs
in fast-moving sports that involve twisting and turning, like
soccer, football, rugby, and ice hockey. Because only the posterior
abdominal wall is injured, the sports hernia differs from the more
common inguinal hernia in that it does not involve a clinically
detectable hernia. Differential diagnosis includes adductor strain,
osteitis pubis, or a true inguinal or femoral hernia.

Athletes may present with unilateral groin pain exacerbated
by exercise. In chronic cases, the athlete may have pain with
activities of daily living. It is usually insidious in onset and may
radiate to the hip. Sudden movements, sit-ups, and increases in
intra-abdominal pressure also exacerbate the pain. Examination is
usually performed by inverting the scrotal skin with a finger and
palpating for pain over the conjoined tendon, pubic tubercle, and
mid-inguinal region. Radiographs are important to rule out other
injuries.3

Treatment of this group of disorders is controversial. The sim-
plest initial maneuver is rest followed by slow resumption of phys-
ical activity with supervised physical therapy consisting of core
and pelvic stabilization, strengthening, and flexibility training. The
athlete should avoid sudden, sharp, cutting movement. Those who
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insist on continuing activity will take considerably longer to heal.
Supplemental administration of NSAIDs and application of ice
packs 3—4 times a day for 20-30 min may also be beneficial (SOR-
C). Athletes who fail conservative treatment should be referred to
a surgeon for evaluation.>>°

Internal Snapping Hip

Snapping hip syndrome is a clinical condition with a painful, audi-
ble snap occurring during hip flexion and extension. The cause
of snapping hip can be divided into external and internal, with
internal being further subdivided into intra- and extra-articular.
Snapping hip is most commonly seen in individuals in their late
teens and twenties who are active in dance and running (particu-
larly hurdlers) and have no specific history of trauma.®® External
snapping is discussed in the Lateral Hip and Pelvis Pain section.

Extra-articular internal snapping typically involves pathology
related to the iliopsoas tendon. The iliopsoas muscle is a conflu-
ence of the iliacus, which originates mainly from the ilium and
sacral ala, and the psoas, which originates from the vertebrae and
intervertebral disks of T-12 to L-5. The tendinous portion of the ili-
opsoas passes through a groove on the bony pelvis that is bordered
laterally by the AIIS and medially by the iliopectineal eminence.
An anteromedial bony prominence lies adjacent to the lesser tro-
chanter, over which the tendinous portion of the iliopsoas passes
before its insertion on the lesser trochanter. The iliopsoas bursa lies
over the anterior hip capsule and deep to the portion of the iliop-
soas tendon.®-%3> When the hip is flexed, abducted, and externally
rotated, the tendinous portion lies lateral to the anterior aspect of
the femoral head and hip capsule. It passes over the femoral head
and hip capsule to a more medial position with hip extension,
adduction, and internal rotation, causing snapping.®® Other causes
include the iliopsoas tendon snapping over the iliopectineal emi-
nence and the bony ridge of the lesser trochanter, movement of the
iliofemoral ligaments over the anterior hip capsule, and the origin
of the long head of the biceps femoris moving over the ischium.
Tliopsoas bursitis can also lead to painful snapping.

Intra-articular snapping hip is most often caused by loose
bodies that may arise from labral disease, acetabular or femoral
head chondral lesions, idiopathic recurrent hip subluxation, and
synovial chondromatosis.®!

Athletes may complain of an audible, often painful, snap with
motion of the hip. The location of the snap is in the groin or
anterior hip with the internal type. In extra-articular snapping,
the pain is usually insidious in onset and is caused by inflammation
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of the iliopsoas bursa. Athletes are usually able to voluntarily
reproduce the snapping with certain hip motions. Performance
is rarely impaired. This is in contrast to the intra-articular type.
Here, athletes report a sudden onset of snapping or clicking
after trauma, and more often report a click rather than a snap.
Reproduction of the snapping is more difficult, and performance
may or may not be inhibited.

The physical examination in internal snapping is performed by
placing the athlete in a supine position and passively extending,
internally rotating, and adducting a flexed, externally rotated, and
abducted hip to reveal snapping as the iliopsoas tendon passes
from lateral to medial over the femoral head and joint capsule.
If the source is extra-articular, snapping may be prevented by
placing significant pressure on the iliopsoas tendon and anterior
hip.61.646> Intra-articular snapping may be uncovered with a scour test.

Plain radiographs, including AP, frog leg, and lateral views,
are often normal in athletes with snapping hip. However, they are
imperative to rule out less common etiologies such as fractures,
loose bodies, dysplasia, and synovial chondromatosis. MRI with
intra-articular contrast may be used to evaluate intra-articular
causes of snapping hip including labral tears, osteochondral
fractures, and loose bodies. In extra-articular snapping, the MRI
(without intra-articular contrast) will show iliopsoas tendon
thickening and inflammation of the iliopsoas bursa. Static and
dynamic ultrasound can also be helpful in the diagnosis of inter-
nal snapping hip. Static ultrasound demonstrates iliopsoas tendon
thickening, enlarged bursa, and peritendinous fluid collections,
while dynamic ultrasound reveals abnormal jerking motion of
the tendon corresponding to the athlete’s painful sensation and to
palpable audible snapping.®®¢” Bursography and tenography have
also been used to diagnose internal and external snapping hip, but
are operator-dependent and therefore not often used.®!

The mainstay of treatment for extra-articular internal snap-
ping hip is nonoperative and involves rest, activity modification,
NSAIDs, and physical therapy. Hip flexor stretching and strength-
ening, pelvic and peripelvic mobilization, and alignment exercises
help relieve the pain of internal snapping hip. Core stabilization
and pelvic tilt should also be addressed, as an increased anterior
tilt may cause tightening of the hip flexor tendons.®! Other modali-
ties include corticosteroid injection of the bursa and biofeedback
to teach the patient how to avoid repetitive hip snapping. If con-
servative therapy does not relieve symptoms, surgical intervention
may be necessary. Surgical intervention in extra-articular internal
snapping involves release or lengthening of the iliopsoas tendon.
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For intra-articular etiologies, hip arthroscopy can be used to
debride a torn acetabular labrum, remove loose bodies, or repair
an osteochondral defect.%3%°

LATERAL HIP AND PELVIS PAIN

External Snapping Hip

Like internal snapping, external snapping hip is also most com-
monly seen in runners and dancers in their teens to twenties
with no history of trauma. The etiology is unclear but is typically
caused by friction on the greater trochanter by the iliotibial band
(ITB), the anterior border of the gluteus maximus, or the posterior
border of the TFL.

The ITB is thought to be the most common cause. It originates
from the gluteus maximus and TFL. Most of the ITB inserts at the
proximal lateral aspect of the tibia at Gerdy’s tubercle, and some
fibers insert on the lateral aspect of the distal knee, including
the lateral femoral condyle and the lateral patella. A large bursa
overlies the greater trochanter separating the trochanter from
the ITB. Normally, the ITB remains taut throughout hip range
of motion. When the hip is extended, the band lies posterior to
the greater trochanter. It moves anteriorly when the hip is flexed.
Ordinarily, the ITB glides smoothly over the greater trochanter
with assistance from the underlying bursa. If the posterior aspect
of the ITB band or the anterior aspect of the gluteus maximus is
thickened, it rubs over the greater trochanter causing a snapping
sensation. The bursa may also become painful and inflamed.
Other proposed causes of external snapping hip relate to alteration
of hip mechanics: decreased angulation of the femoral neck (coxa
vara), fibrotic scar tissue after intramuscular injection or total hip
replacement, narrow bi-iliac width, increased distance between
the greater trochanters, prominent greater trochanters, and lateral
patellar release.®!7071

Athletes may complain of an audible, often painful snap over
the greater trochanter with motion of the hip. The athlete can often
voluntarily reproduce the snapping. Ober testing during physical
examination will reveal snapping when the affected leg is taken
from full extension to 90° of flexion. The examiner’s hands should
be placed posterior to the greater trochanter in order to feel the
snap. If enough force is applied to the greater trochanter to keep
the ITB reduced behind the trochanter, the snapping will stop.

Plain radiographs are typically normal. In external snapping,
MRI (without intra-articular contrast) will show inflammation of
the greater trochanteric bursa or thickening of the ITB or gluteus
maximus. Ultrasound has also been used in external snapping to
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visualize the ITB or gluteus maximus muscle snapping over the
greater trochanter.®!

The mainstay of treatment for external snapping hip is
nonoperative and involves rest, activity modification, NSAIDs,
and physical therapy. Physical therapy should include stretching
of the ITB, core stabilization, and correction of functional pelvic
tilt. Corticosteroid injection of the greater trochanteric bursa can
be performed if these measures are unsuccessful. If conservative
therapy does not relieve symptoms, surgical intervention may be
necessary. Surgical intervention involves excision of the greater
trochanteric bursa and resection of a portion of the ITB.®07071

Hip Pointer (lliac Crest Contusion)

A hip pointer typically occurs in contact sports from a direct
blow to an unprotected iliac crest. These injuries include contu-
sions, muscle avulsions from violent contractions, and periostitis
from repetitive abdominal muscular contractions. The term “hip
pointer” is used to describe an iliac crest contusion that is associ-
ated with a subperiosteal hematoma.377!

Athletes may complain of pain with rotation and side-bending
away from the injured side and numbness or decreased sensation
in the lateral buttock and hip. Physical examination may reveal
swelling and ecchymosis, tenderness on and superior to the iliac
crest extending superiorly into the internal and external oblique
muscles. A palpable defect would indicate an avulsion injury.
Numbness and decreased sensation in the lateral buttock and hip
indicate damage to the cutaneous nerve branches (T12 to L3).
Radiographs are generally unnecessary at the time of diagnosis,
but AP and oblique pelvis radiographs are indicated to rule out
avulsion fracture, periostitis, or an acute fracture of the iliac wing
in athletes with prolonged or increasing symptoms.

Treatment is initiated with ice packs for 20 min every 1-2 h ini-
tially until the swelling subsides. After 3-4 days, moist heat should
be applied for 10 min followed by ice packs (SOR-C). Abdominal
muscle, low back, and flank stretching and strengthening are
performed as tolerated. Local modalities such as ultrasound or
anesthetic/corticosteroid injections may be utilized to reduce pain
and tolerance for therapeutic exercise, thereby speeding return to
play (SOR-C).”'-3 Trunk range of motion must be pain free and the
athlete should be adequately padded before returning to contact
sports (SOR-C).

TFL Syndrome
TFL syndrome is common in runners and cyclists and is caused by
inflammation of the TFL as it passes over the greater trochanter.
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Athletes usually complain of a gradual onset of anterolateral hip
pain coinciding with a change in a training program and a “snap-
ping” sensation during hip flexion and extension. Other risk fac-
tors include leg length discrepancy (with the long side being most
often affected) and improperly adjusted seating and shoe systems
in cyclists. Differential diagnosis includes femoral neck stress frac-
ture, greater trochanteric bursitis, and snapping hip.”47

Physical examination reveals tenderness over the TFL, positive
Ober test, and palpable snapping over the greater trochanter with
hip flexion and extension. If a femoral neck fracture is suspected,
then radiographs, bone scan, and/or MRI should be obtained.
Otherwise, treatment should begin with training modification
(decrease mileage, decrease speed, and eliminate hills), short-term
use of NSAIDS, and ice and heat contrast with phonophoresis to
reduce inflammation (SOR-C). A stretching program for the TFL
and hip abductor muscle strengthening should be implemented.
Leg length and other biomechanical discrepancies should be cor-
rected to prevent recurrence.”’!

Greater Trochanteric Bursitis

Greater trochanteric bursitis can often be difficult to distinguish
from TFL syndrome. In greater trochanteric bursitis, the pain is
usually felt more posterior to the greater trochanter and can often
radiate into the lateral buttock. Irritation of the bursa by a tight
overlying ITB, a broad pelvis, leg length discrepancy, and excessive
pronation of the foot are all risk factors for developing greater tro-
chanteric bursitis.”® Athletes may complain of pain with prolonged
standing, lying on the ipsilateral side, climbing stairs, or running.
In runners, it is commonly a result of overuse rather than direct
trauma. The differential diagnosis should include radiation from
the SI joint and radicular symptoms of lumbar origin.

On physical examination, pain may be exacerbated by external
rotation, adduction, and abduction of the hip, as well as by resisted
abduction. The hip abductors are often found to be weak, the ITB
is tight, Patrick’s test (FABER) causes lateral hip pain, and palpa-
tion of the greater trochanter elicits pain. Initial treatment should
begin with ice massage and heat contrasts. NSAIDs and local treat-
ment modalities such as phonophoresis help control local inflam-
mation. TFL and ITB flexibility as well as gluteal, hip abductor,
and core strengthening exercises should also be included in the
rehabilitation program. In cases not responsive to conservative
therapy, local corticosteroid injection may be necessary (SOR-C).7°
If greater trochanteric bursitis is refractory to the above, operative
release of the ITB and/or bursectomy may be required.”!
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Meralgia Paresthetica (Lateral Femoral Cutaneous Nerve
Entrapment)

Meralgia paresthetica is an entrapment of the lateral femoral
cutaneous nerve that was initially reported to follow operative
interventions such as iliac crest bone grafting, appendectomy,
pelvic osteotomy, and total abdominal hysterectomy.” It is also
seen in diabetic and obese patients or in those wearing tight pants,
belts, or girdles.”®

Most athletes will describe pain, numbness, tingling, and/or
burning pain over the anterolateral thigh. Important predisposing
factors such as recent weight gain or previous surgical procedure
should be obtained. In athletes, prolonged flexion (marksmen),
increased muscle mass (weight lifters), or constrictive clothing
may play a role. However, in the athletic population, it is not
unusual for no identifiable cause to be found.”® Diagnosis is based
on sensory symptoms in the lateral femoral cutaneous nerve
distribution. On physical examination, a positive Tinel’s sign is
usually present 1 cm medial and inferior to the anterior superior
iliac crest. Radiography and MRI of the hip and pelvis are use-
ful to rule out intra-pelvic causes of compression on the nerve
and intra-articular derangement. Nerve conduction studies often
demonstrate prolonged latency or decreased conduction velocity
consistent with compression.?’

Nonoperative treatment is the mainstay of therapy. A local
nerve block has been shown to temporarily relieve symptoms and
is a useful diagnostic tool and excellent predictor of benefit from
surgical decompression (SOR-C).”” Heat, physical therapy, local
steroid injections, and NSAIDs have been shown to be effective. If
symptoms are persistent and disabling despite conservative ther-
apy, surgical intervention to perform a nerve decompression may
be warranted. Another intervention is transection of the nerve, but
this often times results in hypoesthesias and possible neuroma
development.37.76.77

POSTERIOR HIP AND PELVIS PAIN

Hamstring Strain

The hamstring is made up of the semitendinosus, semimembrano-
sus, and the long head of the biceps femoris. The three muscles
have a common origin at the ischial tuberosity. Because the ham-
string muscle group spans two joints, it is highly susceptible to
injury. The biceps femoris is the most frequently injured muscle
of the hamstring group. The injury usually extends longitudinally
within the muscle rather than in a single cross-sectional area and
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typically occurs during the swing phase, when the hamstrings
are working eccentrically, or early during stance phase, when
there is a large concentric burst, such as in jumping or sprinting
motions.”® Complete tears are rare, but have been reported in
water skiers, runners, dancers, and power lifters. Risk factors for
hamstring injury include leg length discrepancy, muscle imbal-
ances, poor flexibility, insufficient preactivity stretching, prior
hamstring injury, and poor technique.” The differential diagnosis
includes radicular pain of lumbar origin, referred pain from the SI
joint, and avulsion fracture of the ischial tuberosity.

The athlete usually self diagnoses the injury at the time it
occurs. They report a “pop” or pulling sensation in the posterior
thigh. Physical examination may show edema and ecchymosis
over the muscle belly which usually occurs within 2 and 48 h,
respectively. The examiner should palpate the ischial tuberosity
and follow the muscle inferiorly to locate the area of maximal
tenderness and to determine whether there is a palpable defect
in the muscle. If the ischial tuberosity is extremely tender, then
an avulsion fracture should be suspected. Symptoms typically
increase with resisted knee flexion, and the athlete is often unable
to straighten his or her knee during the terminal swing phase.
Athletes with a large amount of swelling and ecchymosis associ-
ated with knee flexion weakness may have a complete rupture.'4

Radiographs should be ordered in athletes with suspected
ischial tuberosity avulsion fractures. An MRI is unnecessary unless
the clinician is entertaining the possibility of complete rupture.
The diagnosis is primarily made clinically, as Verrall et al. found
MRI to have a false negative rate of 18%.%°

There are no evidence-based treatment guidelines for ham-
string strains. As such, recommendations are based upon expert
opinion and personal experience. Initial treatment should consist
of ice packs or ice massage, compression wraps, and possibly
protected weight-bearing. This is then followed by passive ham-
string stretches in the pain-free range and then ice massage. As
symptoms resolve, the athlete progresses to active hip and knee
range of motion exercises and contract-relax techniques to the
hamstring, followed by hamstring isometrics. The final reha-
bilitation phase consists of active strengthening emphasizing
eccentric exercises and speed exercises. For part of the speed
work, some advocate including running backward, which helps
stretch the hamstrings.8!:82 It has been suggested that concentric
exercises may actually be detrimental as opposed to eccentric
training and sprinting, which better prepare the athlete for
return to play.!'4
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Ischial Bursitis

Ischial bursitis occurs after a direct blow to or contusion of
the ischial tuberosity or may occur as a complication from
an injury of the hamstring insertion on the ischial tuberosity.
Inflammation of the ischial bursa with associated pain and
tenderness occurs as a result of scar and hematoma forma-
tion. Athletes may complain of pain while sitting.3 On physical
examination there will be localized tenderness. Ultrasound or
MRI can be used to confirm the diagnosis.>? Treatment consists
of rest, ice, NSAIDS, hamstring stretching and strengthening,
and protection; often a doughnut cushion will help alleviate
pain while sitting. In recalcitrant cases, aspiration of the bursa
and injection of corticosteroid should be considered (SOR-C).
If the athlete continues to have persistent pain and disability
despite conservative therapy, surgical excision of the bursa is
indicated.3

Gluteus Maximus Strain

Compared to hamstring injuries, isolated strains of the gluteus
maximus are uncommon but can occur in sprinters. More often,
this muscle is injured through direct trauma.?> The hip, lumbar
spine, and SI joints should be examined in athletes reporting but-
tock pain. If no tenderness is elicited in any of these areas, then
a gluteus maximus strain is suspected. The athlete may report
a sudden, sharp pain in the buttock during a burst of speed or
sudden change in direction. If the SI joint or lumbar spine is
involved, then a rehabilitation program that is specific for these
areas should be implemented. Otherwise, treatment of a gluteus
maximus strain involves rest, ice, and compression to reduce pain
and inflammation. After the range of motion begins to normalize,
strengthening should be performed.”>”3 Return to full participa-
tion can occur once the athlete is pain-free and is able to do sports-
specific activities (SOR-C).

Gluteus Medius Strain

The gluteus medius functions as a hip abductor. Injuries to this
muscle are common in runners. The patient often complains of
lateral thigh pain near the greater trochanter and is often mistaken
for greater trochanteric bursitis. The pain will be reproduced by
palpation just proximal to the tendon insertion on the greater tro-
chanter” and often in the muscle belly itself. Resisted abduction
of the hip will also provoke pain. Treatment follows the same prin-
ciples as gluteus maximus strain, with additional emphasis placed
upon core strengthening.”!
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Sl Joint Dysfunction/SI Sprain

SI joint dysfunction/sprain is a controversial diagnosis; therefore,
pain and injury to the SI joint is commonly overlooked. The SI artic-
ulation is formed by the sacrum and the ilia separated by a synovial
cavity. The anterior and posterior SI ligaments, the interosseous SI,
and the sacrotuberous ligaments are the major ligaments support-
ing the joints. Although uncommon, painful tearing and stretching
of any of these ligaments can occur. Sudden, violent contraction
of the hamstrings or the abdominal muscles; sudden torsion; a
severe, direct blow to the buttocks; or forceful straightening from a
crouched position can generate enough force to produce injury to
these ligaments. Sports that that involve repetitive unidirectional
pelvic shear and torsional forces (e.g., skating, gymnastics, bowling)
also put the athlete at risk of SI dysfunction. Movements that occur
between the sacrum and ilia are rotatory, translatory, or a combina-
tion of both. Loss of motion in the SI joint or sustained contraction
of the overlying muscles may cause pain. SI dysfunction can also
cause low back, thoracic, and even cervical pain.?” The differential
diagnosis should include radicular pain, piriformis syndrome,
gluteus medius strain, ankylosing spondylitis, Reiter’s syndrome,
and other spondyloarthropathies. Autoimmune etiologies should
especially be considered if both SI joints are involved and/or if the
athlete is not responding to conservative therapy.

The athlete typically presents with traumatic or insidious onset
of pain over one SI joint. The pain may radiate to the low back,
groin, posterolateral hip, and thigh. The pain pattern may mimic
radicular pain from a herniated nucleus pulposus or lateral
spinal stenosis. The lack of nerve root tension signs and absence of
motor, reflex, or sensory deficits help distinguish SI joint dysfunc-
tion from nerve root compression lesions.

Physical examination shows unilateral tenderness over the
affected posterior superior iliac spine (PSIS) and along the sacral
sulcus. FABER, piriformis, and Gaenslen’s tests may be positive.
Straight leg raise may cause SI pain. Pain is also exacerbated by
forward flexion of the trunk with knees extended. A positive one-
legged stork test (Gillet test) indicates a lack of mobility on the
affected side. Sacral compression medial to the PSIS often causes
localized pain. The athlete should also be evaluated for a leg length
discrepancy.?”

The goal of treatment is restoration of normal movement.
Treatment consists of ice, NSAIDS, ice massage, and heat. After
the acute phase, a corset, constricting elastic bandage, or SI belt
may provide relief. Progressive protected motion for 5-6 weeks
may be necessary before healing occurs. Treatment should also
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consist of pelvic stabilization exercises and exercises to stretch and
strengthen the piriformis muscle (SOR-C).

Multiple dysfunctions of the SI joint have been identified.
Two of the most common ones are anterior innominate dysfunc-
tion and posterior innominate dysfunction. Anterior innominate
dysfunction is diagnosed when the athlete has a positive Gillet
test and an anterior superior iliac spine (ASIS) that is relatively
inferior to the contralateral ASIS. Posterior innominate dysfunc-
tion is diagnosed by a positive Gillet test and a superior ASIS on
the affected side. Treatment of anterior and posterior innominate
dysfunction should be by a physician skilled in manual medicine.
See Chap. 11 for a more in-depth discussion on this topic.

Piriformis Syndrome

The piriformis muscle originates on the anterolateral aspect of the
sacrum and inserts on the upper border of the greater trochanter
and femur. It lies deep to the gluteus maximus muscle. Spasm of the
muscle can result from a twisting injury sustained during a single-
legged stance and often occurs in runners. Differential diagnosis
includes hip joint disease, SI joint dysfunction, nerve root irritation,
lateral stenosis, and lumbar herniated nucleus pulposus.

Athletes usually present with a history of blunt trauma to the
gluteal or SI region. They complain of pain in the lower SI joint,
the greater sciatic notch, and piriformis muscle radiating down
the posterior buttock, hip, and thigh. The pain may be described
as cramping or a feeling of tightness in the hamstring muscles. It
is frequently exacerbated by stooping or lifting.

On examination, athletes may have a tender, palpable fullness
of the piriformis muscle, point tenderness of the muscle belly, and
buttock pain exacerbated by hip flexion and passive internal rota-
tion. Straight leg raise is occasionally positive with referred pain
down the posterior thigh and calf. Resisted hip abduction and
external rotation exacerbate the symptoms. Passive hip extension
should relieve the symptoms. A loss of hip internal rotation may
also be present.? Patients will often have a positive piriformis and
Gaenslen’s test. The FAIR test (flexion, adduction, internal rota-
tion) has been shown to have a sensitivity of 88% and a specificity
of 83% (SOR-B).8 Radiographs, MRI, and CT scanning provide
little information and are not needed to make the diagnosis.
Neurophysiologic testing has been shown to be effective in con-
firming the diagnosis.8¢-89:%0

Treatment of piriformis syndrome includes ice massage, ultra-
sound and/or electrical stimulation, physical therapy to stretch
and massage the piriformis, NSAIDs, muscle relaxants, and local
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anesthetic or steroid injections.?¢°! Osteopathic manipulative
treatment has also been shown to be helpful.”? Athletes can also
stretch the piriformis muscle themselves by lying supine and pull-
ing the knee on the affected side toward the opposite shoulder.
To prevent recurrence, lumbosacral dysfunction and imbalances
in the surrounding musculature must be concurrently treated.
If conservative therapy fails or if the patient develops foot drop
or gluteal muscle atrophy, referral to orthopedics for operative
release of the piriformis muscle, fibrous bands, and/or compressing
vessels may be considered.3¢°!

Coccygeal Injury

The coccyx is joined to the sacrum by cartilage which forms a syn-
chondrosis. It is susceptible to injury during a fall on the buttocks,
being struck from behind, or during a difficult vaginal delivery.
Physical examination reveals localized tenderness, pain in the
coccygeal region (coccydynia), localized swelling or ecchymosis,
and pain exacerbated by sitting. X-rays are required to rule out
an inferior sacrum fracture and to determine whether the coccyx
is dislocated or displaced. If there is no history of trauma, rectal
examination and lower gastrointestinal evaluation are indicated.
Although controversial, the examiner can reduce a dislocated or
displaced coccyx by inserting a lubricated index finger into the
rectum so that the palmar surface rests against the anterior aspect
of the coccyx. He or she then palpates the posterior aspect of the
coccyx externally, applies a gentle traction on the coccyx, and
glides the coccyx into its normal position. If successful, pain relief
is usually immediate. However, there is no conclusive evidence as
to the efficacy of this approach. Successful treatment of chronic
coccydynia has been reported with pelvic relaxation exercises,
pelvic floor strengthening, biofeedback, local corticosteroid injection,
botulin toxin injection, and coccygectomy.”3-%

Other

Leg Length Discrepancy

Pain originating in the pelvis, low back, and hip region can be
caused or exacerbated by a disparity in leg length. The evaluation
of atraumatic and nonacute traumatic hip and pelvis pain should
always include screening for a leg length discrepancy (SOR-C).97-%°
There are two types of leg length discrepancies: true and functional
(or apparent). In a true leg length discrepancy, the actual length
of the two lower extremities is different when measured from the
femoral heads to the plantar surfaces of the feet. In a functional
leg length discrepancy, the athlete’s two lower extremities are, in
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fact, the same length. However, pelvic obliquity gives the appear-
ance of a discrepancy. The true leg length discrepancy is caused by
one of the bones of the lower limb actually being longer or shorter
than the other side.”” This may be the result of a varus or valgus
deformity of the femoral neck, congenital anomalies of the femur
or tibia, or growth disturbances of the femur or tibia. Possible
causes of a functional leg discrepancy include contractures at the
lumbosacral junction due to scoliosis, post-traumatic deformities
of the pelvis, somatic dysfunction of the pelvis and/or SI joints,
and muscle contractures about the hip and knee. The physical
examination and osteopathic manipulation chapters discuss the
evaluation of leg length in greater detail.

A more precise measurement of leg length is obtained with a
standing AP radiograph film of the pelvis down to the feet. This
view should include the upper lumbar spine and the femoral
heads. The athlete should stand with his or her feet shoulder width
apart with equal weight distribution while the X-ray is being taken.
Lines are then drawn on the radiograph at the superior sacral ala
bilaterally to form a sacral base and at the superior margin of each
femoral head. The examiner then draws a line from the sacral base
and femoral heads to the base of the film. This method is recom-
mended if the standing measurements have not been accurate.
Instead of plain radiographs, some facilities are now using a quick
computer tomography scan from the upper lumbar spine to the
feet and then comparing measurements from the medial malleolus
to the superior margin of the femoral head on each side.

CONCLUSION OF THE CASE

The patient was diagnosed with greater trochanteric bursitis and
ITB syndrome. He was instructed to take NSAIDs twice a day with
food for 7 days, and then as needed. He was also given a referral
for physical therapy for gluteus medius, quadriceps, hamstring,
and ITB stretching and strengthening program with modalities
(ultrasound, electrical stimulation, iontophoresis, or phonophore-
sis) as needed. A core stabilization program was also emphasized.
Additionally, over-the-counter orthotics were recommended for
the pes planus with hyperpronation.
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Chapter 7

Hip and Pelvis Injuries in
Childhood and Adolescence

Christopher S. Nasin and Marjorie C. Nasin

CLINICAL PEARLS

e Ultrasound as a screening tool for developmental dysplasia of
the hip (DDH) prior to 6 weeks of age is considered overly
sensitive; monitor at-risk infants with biweekly physical exams
until that time.

e Legg—Calvé-Perthes disease (LCPD) tends to be a self-limited
process involving natural hip remodeling. Severe cases may
benefit from surgical intervention.

e Transient synovitis is the most common cause of limp and hip
pain in children.

e Slipped capital femoral epiphysis (SCFE) is the most common
hip disorder of the adolescent and should be considered in all
children between ages of 10-16 years who present with hip pain
or limp.

e The vast majority of pelvic apophyseal injuries are treated without
surgical intervention.

CASE STUDY

A 12-year-old boy is brought in by his mother with worsened right-
sided knee pain, which began without trauma several weeks earlier.
The mother notes that the boy has been complaining of worsening
pain with running, which suddenly became worse today after he
tripped on a curb. The patient is found to have a body-mass index
greater than the 95th percentile for age and appears uncomfort-
able sitting on the exam table. Flexion and internal rotation of
the right hip exacerbate the pain. The patient is sent to X-ray in
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a wheelchair as he now refuses to ambulate. The radiologist calls
your office and reports that the patient has an SCFE.

INTRODUCTION

The approach to the child with hip pathology is unique and necessi-
tates an understanding of the anatomy and physiology of normal
hip development. Not all hip disorders of childhood are painful at
that joint; often children will complain of pain below the hip or
will present with a painless limp. The differential diagnosis of hip
pain and limp changes as children grow. It is the duty of the phy-
sician to understand all possible conditions that affect the pedi-
atric hip at different stages of development in order to take the
appropriate history, perform a competent examination, and order
the appropriate tests. Several common pediatric and adolescent
hip maladies will be highlighted throughout this chapter. Of note,
infections of the hip, thigh, and pelvic structures are not discussed
in this chapter and are vital in the differential diagnosis of hip
pain in a child who demonstrates any signs of illness. The injuries
described below occur in otherwise healthy children.

DEVELOPMENTAL DYSPLASIA OF THE HIP

DDH, similarly termed congenital hip dysplasia, describes a variety
of conditions present at birth which result from an interruption
to the normal growth and development of the hip joint. This spec-
trum can range from mild acetabular change to complete disloca-
tion, but does not include anatomically stable hips with clicking
ligaments that primary care providers will note much more
commonly in newborns.! Of utmost importance then is the early
distinction between those two entities in order to establish for the
patient with DDH, a postnatal hip position which will foster the
development of the acetabulum and femoral head and minimize
the predisposition to degenerative changes and osteoarthritis
(Fig. 7.1).? Published incidence of DDH is highly variable, ranging
from 1 to 10 per 1,000 live births.

Both genetic and mechanical risk factors have been identified:
female gender, firstborn status, family history, North American
Indian race (which perhaps may not be genetic but rather due
to postnatal cultural positioning of the infant), and intrauterine
conditions such as oligohydramnios or breech positioning. Eighty
percent of children with DDH are female, presumably because of
the estrogen effect on ligamentous laxity. The left hip is affected in
the majority of cases (60%), likely due to intrauterine positioning,
while the right hip is affected 20% of the time, and both hips are
involved the remaining 20% of the time.



7. HIP AND PELVIS INJURIES IN CHILDHOOD AND ADOLESCENCE 151

FiGURE 7.1. AP radiograph of the pelvis demonstrating the outcome of
a chronic missed developmental dysplasia of the hip (DDH). Note the
superolateral subluxation of the hips bilaterally with severe degenerative
changes (Courtesy of Dr Michael Gibson, National Naval Medical Center).

Diagnosis

Diagnosis of DDH can be made by physical exam or, definitively,
by ultrasound. Currently, the American Academy of Pediatrics
recommends ultrasound study (after 6 weeks of age) for any infant
with risk factors for DDH or evidence of DDH on physical exam
(SOR-C). Radiographs prior to 4 months will be of limited value
since the femoral head and majority of acetabulum are not yet
ossified. However, prior to 6 weeks of age, ultrasound as a screen-
ing tool can be overly sensitive, so it is best to wait to achieve an
optimal study. But, if there is clinical evidence of dislocation, the
study can be ordered in a timely fashion. Although it is debatable
whether selective screening (based on risk factors) can truly have
an impact on the incidence of the late development of DDH (which
carries with it the most morbidity), universal postnatal ultrasound
screening is not considered a cost-effective measure at this time.>*
After 4-6 months of age, if DDH is suspected, plain radiographs
are the preferred imaging modality.

Clear and repetitive instruction in residency training programs
on diagnostic physical exam maneuvers for DDH emphasize the
recommendation for multiple neonatal hip exams to be performed
on every neonate (SOR-C). The clinician who examines infants
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should become comfortable with the visual and sensory cues of
the Ortolani and Barlow maneuvers (which attempt to relocate
and dislocate the femoral head, respectively) as well as with
assessing the symmetry and muscular tone of an infant. These
maneuvers must be done on each hip separately. The sensitivity
of the Ortolani maneuver decreases with the age of the patient,
making careful attention to the exam during the first 60 days of
life essential.” Asymmetric inguinal or thigh skin folds, knee height
difference in the supine position with hips flexed and soles on the
exam table (Galeazzi sign), and limitation of hip abduction are
additional physical exam findings that may be useful. If diagnosis
is confirmed with radiographic tests, referral to an orthopedist
should be initiated at that time.

Treatment
In the very young infant as well as in infants who are known to have
subluxation only, observation is usually the first line of treatment.
Often, the subluxation will resolve within 2 weeks and no further
instability will be noted. In these cases, more extensive treatment
regimens are not required. However, if evidence of instability remains
beyond 2 weeks, if true dislocation is present, or if the infant is
beyond the neonatal period, bracing is usually considered (SOR-3).
Bracing with a Pavlik harness, which is a technique generally
reserved for infants less than 6 months of age, allows consistent
placement of the femoral head into the acetabulum by positioning
the hips in flexion and abduction while still allowing some move-
ment. Typically, a dislocated femoral head should be relocated by the
harness within 3 weeks, with the average length of bracing generally
lasting 6 weeks full time and an additional 6 weeks part time for
infants. With the femoral head in position, further normal growth
and development of the hip joint can occur throughout childhood.
Complications of the harness can include failure of treatment, skin
breakdown, avascular necrosis (AVN) of the femoral head, and femo-
ral nerve palsy. Late diagnosis or failure of Pavlik harness permits
time for abnormally vectored growth to occur; often requiring closed
reduction with spica casting or open surgical reduction (SOR-C).

LEGG-CALVE-PERTHES DISEASE

LCPD was described nearly a century ago by the three physicians
whose names were joined to entitle the complex cycle of femoral
head AVN, resorption, and collapse, followed by subsequent repair
and remodeling. Often simply called Perthes disease, this condi-
tion is most often diagnosed between the ages of 4 and 8 (range:
2 to teenage years), with an incidence of 1 in 1,200 and a male



7. HIP AND PELVIS INJURIES IN CHILDHOOD AND ADOLESCENCE 153

predominance of 4:1.° Unilateral hip involvement is most common,
and the 10-20% of cases that are found to be bilateral overwhelmingly
occur in girls. If bilateral, hips tend to be affected sequentially,
following independent diseases courses. Perthes disease diagnosed
as truly a bilateral, concurrent phenomenon is a rare event, and
should prompt a further workup for systemic illness or skeletal
dysplasia.

The etiology of this disease remains elusive; although interrup-
tion of the blood supply to the femoral head is one of the initial
events in the cycle, the risk factors for this event remain debated.
There has been an association between low birth weight, mildly
short stature, and even some medical conditions (hypothyroidism),
particularly with bilateral disease. However, there remains consi-
derable discussion as to whether the necrosis occurs as a result
of a separate primary disorder altogether such as a coagulation
defect or disorder of intracapsular hip pressure.”® The literature
does not strongly support these theories, but both topics represent
the ongoing pursuit to understand LCPD more completely. There
is a family history of LCPD in approximately 10% of cases.’

Diagnosis

Presentation most commonly occurs with a painless limp or diffi-
culty walking. It is not associated with an illness or fever, or generally
with known trauma, although the younger child routinely has so
many minor falls that parents may “explain” as due to a limp by
citing an unrelated event.

Physical exam reveals a limp — the chief complaint of the
otherwise well-appearing child. And while a lengthy differential
diagnosis for the limping child can be formulated, if the clinician
has ruled out an infectious process through an appropriate physi-
cal exam, the biggest challenge will be differentiating between
an irritable hip from transient synovitis and the acute symptoms
of LCPD.!" If not painless, LCPD will cause a mildly painful or
intermittently painful limp, often with the pain referred down the
inner aspect of the thigh or to the knee. Activity worsens these
symptoms, as opposed to the limp of transient synovitis, which is
improved with activity, as if the joint is being “loosened up.”

Even early in the disease process, decreased hip abduction and
internal rotation due to muscle spasm and synovitis are noted. If
more damage has occurred to the femoral head, the limitation of
movement may be due to bony impingement of the femoral head on
the acetabulum. Pain is more likely to be elicited at the end range
of motion, with less painful midrange motion.!' Examination of the
buttocks, thigh, and calf of the affected side should be performed
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for evidence of atrophy. Leg length discrepancy is a relatively late
finding, since it represents collapse of the femoral head — the third
step in the disease cycle. The Thomas test and Trendelenburg
test are often positive. If a child has bilateral Perthes disease, her
upper body would sway toward the more affected, or weaker, side
during Trendelenburg testing.

Radiographs remain the mainstay of diagnosis, classification,
and follow-up of Perthes disease. Initial findings may include only
an increase in the affected hip’s joint space, although this is a non-
specific finding. With disease progression, subarticular lucencies
become evident within the femoral capital epiphysis, which may
then become flattened, sclerotic, and fragmented (Fig. 7.2). Early
changes may be evident only on frog leg views, and these should
be performed during the initial evaluation. Very early in the course
of the illness, radiographs may be normal. If clinical suspicion for
LCPD remains high, magnetic resonance imaging (MRI) or scin-
tigraphy may be useful to establish the diagnosis. Scintigraphy has
been shown to reveal focal areas of increased uptake seen within
the femoral head, while MRI may reveal areas of low signal inten-
sity within the femoral head on T-1-weighted images.!?

Treatment

Once diagnosed, the two classification schemes most commonly
used are Catterall and Herring. The Catterall classification divides
involvement of the femoral epiphysis into quarters (1=25%
through 4=100% involvement). The Herring classification uses
the degree of collapse of the lateral epiphyseal pillar during the
fragmentation phase, divided into three groups (A=1/3 or less
collapse, B=2/3, C=up to full collapse). The Herring classification
scheme is considered a more accurate predictor of long-term
outcome. However, regardless of classification, whether treated
by conservatively or surgically, results are highly variable and largely
dependent on age of onset and degree of femoral head involve-
ment.!? Presentation at a young age is protective for a good out-
come, presumably because the hip has a longer time period of
natural growth and development to remodel naturally.

The role of surgical intervention and its impact on clinical
outcome is controversial and widely debated within the literature.
Unfortunately, identifying those patients who are believed to be the
best surgical candidates would require being able to predict the
natural course of a given patient’s disease very early on. Although
such predictions are not generally possible, at the time of this writ-
ing, there is one promising study which suggests that patients with
hand bone age delays of greater than 2 years at time of diagnosis
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can be predicted to go on to develop severe hip disease.'* Goals
of any intervention are maintenance of hip motion, pain relief,
and containment of the femoral head in the acetabulum (SOR-C).
For severe disease, surgical intervention appears preferable to
nonoperative treatment, although there are lack of conclusive data
regarding indications for and benefits of specific surgical interven-
tions.!> The two most widely used surgical techniques for LCPD
are varus osteotomy and the Salter innominate osteotomy.

A facility- or home-based physiotherapy program emphasizing
stretching, strengthening, and range of motion can address all
three of the above treatment goals. There are only limited pub-
lished data scientifically evaluating the efficacy of such a program,
but it is believed to be beneficial (SOR-C).!® Relative activity
restriction, appropriate for the child’s age and degree of disease,
may be recommended during the necrosis, resorption, and collapse
phases of the cycle (SOR-C).

TRANSIENT SYNOVITIS
Transient synovitis is a self-limited unilateral inflammatory syno-
vitis, typically of the hip joint, which represents the most common
cause of hip pain in children aged 3-10 years. Although self-limited
and treated symptomatically, it is crucial to differentiate this con-
dition from septic arthritis, which requires treatment with surgical
drainage and parenteral antibiotics.!” Although the incidence of
this condition in the United States is unknown, it is frequently
referred to as the most common cause of hip pain in children, with
boys affected twice as often as girls.!® The annual incidence in one
study of Swedish children was 0.2%."°

The etiology of transient synovitis remains unknown. Histologic
examination of the synovium reveals nonspecific inflammation.
Many children are noted to have had a recent or concurrent respi-
ratory or gastrointestinal viral infection, and many authors believe
that transient synovitis may represent a self-limited infection of
the synovium or a postinfectious inflammatory response.? In
one study, increased antibody titers against Epstein-Barr, rubella,
enterovirus, or mycoplasma were demonstrated in 67 children out
of 80 with transient synovitis, but all synovial viral cultures were
negative.’! Finally, an association between transient synovitis and
a positive throat culture for Group A Streptococcus, a positive
antistreptolysin O titer, or both has been demonstrated.??

Diagnosis
Clinically, transient synovitis presents as acute onset hip pain or limp
in a well-appearing child. Usually the child is afebrile, or has only
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a mild temperature elevation. Pain ranges from mild to severe and
can be localized to the hip, thigh, or knee. On examination, internal
rotation or adduction of the affected hip is limited secondary to
pain. Duration of symptoms typically last 1-3 weeks, and prolonged
symptoms should suggest a diagnosis other than transient synovitis.
The differential diagnosis includes septic arthritis, osteomyelitis,
psoas muscle abscess, rheumatic fever, trauma, pauciarticular
arthritis, reactive arthritis, malignancy, SCFE, and LCPD.

Laboratory and radiographic studies are done to exclude the
aforementioned diagnoses. Radiographs of the hips can be done
to exclude SCFE, LCPD, tumor, and osteomyelitis. Ultrasound can
be performed to look for the presence of a joint effusion which can
be found in as many as 70% of cases. Scintigraphy and computed
tomography are less sensitive for the identification of a joint effusion,
but may be useful in detecting areas of adjacent osteomyelitis.??
MRI can be used to differentiate transient synovitis from septic
arthritis. Statistically significant MRI findings in transient syno-
vitis include contralateral (asymptomatic) hip effusions and the
absence of signal intensity abnormalities of the bone marrow.?*
Ipsilateral effusions and synovial thickening and enhancement are
present in both conditions, however.

The white blood cell count (WBC) is usually within normal
limits and the erythrocyte sedimentation rate (ESR) may be
normal or only slightly elevated. An evidenced-based clinical
prediction algorithm was proposed by Kocher et al. in 1999 using
history of fever, inability to bear weight, complete blood cell count
greater than 12,000/mm?, and ESR greater than 40 mm/h. This
study found that if a child with hip pain had all four diagnostic
criteria, the probability of septic arthritis was greater than 99%
(SOR-B).> Conversely, the risk of septic arthritis in the absence of
all four criteria was less than 0.2% (Table 7.1). This clinical algo-
rithm was later validated in a subsequent study.?® In a more recent

TABLE 7.1. Differentiation of septic arthritis from transient synovitis of the hip

Number of positive clinical

criteria® Predictive probability of septic arthritis (%)
0 <0.2

1 3.0

2 40

3 93.1

4 99.6

aHistory of fever, non-weight-bearing, ESR >40 mm/h, and WBC> 12,000/mm?3
Adapted from Kocher et al. ?°
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prospective study of 53 children who underwent hip aspiration for
suspected septic arthritis, it was found that fever (oral temperature
greater than 38.5) was the best predictor of septic arthritis, fol-
lowed by an elevated C-reactive protein (CRP), an elevated ESR,
refusal to bear weight, and an elevated WBC. A CRP greater than
2.0 mg/dl was found to be a strong independent risk factor and a
valuable tool for assessing and diagnosing children suspected of
having septic arthritis of the hip (SOR-B).?’

Treatment

Transient synovitis is a self-limited condition that resolves with
rest and supportive therapy. In one study, treatment with ibuprofen
was shown to shorten the duration of symptoms (SOR-B).?
Recurrence of transient synovitis of the hip has been reported to
be between 0 and 17% of cases in the literature.?” The relationship
between transient synovitis and LCPD remains speculative. In
several series, LCPD or coxa magna followed as many as 30% of
cases.’%3! Some investigators have speculated that the increased
intra-articular pressure associated with transient synovitis could
potentially lead to the development of LCPD, while others have
found no relationship between the two entities other than the simi-
larity in initial clinical presentation.?? Although most episodes of
recurrent transient synovitis have a benign course, some patients
with early chronic inflammatory conditions may mimic transient
synovitis and further evaluation may be required to rule out these
conditions.

SLIPPED CAPITAL FEMORAL EPIPHYSIS

SCFE refers to the posterior and lateral displacement of the
proximal femoral epiphysis by mechanical shearing forces with
concomitant extension and external rotation of the femoral neck
and shaft.?? This condition represents an orthopedic urgency which
requires immediate evaluation and treatment. Although the cause
of this disorder remains unknown, it has an increased associa-
tion with pediatric overweight, puberty, and rapid growth.?* The
preferential site of slippage within the epiphysis appears to be a
zone of hypertrophic cartilage cells under the influence of gonadal
hormones and growth hormone.*> SCFE is more likely to occur in
older children and adolescents between the ages of 10 and 16 and
is more common in males. This condition is bilateral in approxi-
mately 20% of patients at the time of presentation and another
20-30% of patients will develop a contralateral SCFE within 12-18
months of the initial slip. Occasionally, this condition is associated
with renal failure and endocrinopathies including hypothyroidism
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and growth hormone deficiency. Therefore, if a child is less than
10 years of age or has a body weight below the 50th percentile
presents with a SCFE, evaluation of renal and endocrine function
may be warranted.?¢

Classification

Traditionally, the classification of SCFE has been divided into
acute, chronic, and acute-on-chronic categories. The differentia-
tion of these three types was temporal; with the symptoms of an
acute SCFE lasting less than 3 weeks, a chronic SCFE with symp-
toms lasting for more than 3 weeks, and a acute-on-chronic SCFE
lasting for more than 3 weeks with an exacerbation of symptoms.3’
In many cases, however, this system could be inaccurate because
of the inability of parents and children to remember when the
onset of symptoms began and because of its poor prediction of
prognosis.’® In 1993, this traditional classification system was
abandoned and a new classification system based on stability was
adopted in an attempt to impart prognosis.*® In this new system, a
SCFE lesion is classified as stable or unstable. Stability is defined
clinically using the ability of the patient to ambulate. A stable
SCFE is diagnosed when a child can walk with or without the use
of crutches; an unstable SCFE is when the patient cannot walk
with or without crutches. The prognosis for a child who has a sta-
ble SCFE is very good, with a prevalence of AVN reaching nearly
zero.*® The prognosis of a child with an unstable SCFE is more
guarded, however, with the prevalence of AVN ranging from 3 to
84%. Approximately 5% of SCFEs are unstable, and the vast major-
ity of unstable SCFEs are unilateral, with the incidence of bilateral
unstable SCFEs being relatively rare (0.25%).*' The development
of AVN in a child with SCFE nearly always results in degenerative
hip disease later in life; thus stability imparts prognosis.*?

Diagnosis

Although SCFE is the most common hip disorder in the adoles-
cent, it is among the most poorly diagnosed of all pediatric ortho-
pedic conditions. It is imperative that this diagnosis be considered
in any child aged 10-16 who presents with a limp or pain between
the pelvis and tibia.*? Clinically, the patient may complain of groin,
thigh, or knee pain. The referred pain seen in SCFE is secondary to
sensory cutaneous nerves that pass close to the hip capsule and
innervate the thigh and knee. In fact, in one study, up to 23% of
patients who had SCFE presented with a sole complaint of knee
pain.** A young athlete with a stable SCFE may complain of dif-
ficulty with athletic activities and may walk with a limp or an
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external rotation gait. When there is a complaint of discomfort,
it is often vague in nature and is worsened with physical activity.
Children with an unstable SCFE present with extreme hip and
thigh pain and often have a history of a mild trauma such as trip-
ping on a curb or a fall during a sporting event.

On physical examination, patients with SCFE usually have an
asymmetrical outward foot progression angle on the involved side
as well as limited internal rotation. In addition, the patient may
have obligatory outward rotation of the hip with flexion to allow for
clearance of the femoral neck, which would impinge on the anterior
acetabulum with flexion in a neutral position. In the case of an
unstable SCFE, the patient may lie perfectly still with the hip in a
position of flexion, abduction, and external rotation; any attempts to
move the hip actively or passively are likely to be met with resistance
and significant discomfort. The affected limb may be shortened.

Anteroposterior (AP) radiography of the pelvis is the standard
first-line imaging, preferably taken with the patient standing if
age and function allow. Radiographs confirm the diagnosis, with
the lateral view being most sensitive for detecting early slips with
minimal displacement. On the AP view, a line drawn along the
superior femoral neck (Klein’s line) should intersect some portion of
the femoral head (Fig. 7.3). Once the unstable SCFE has been diag-
nosed on the AP radiograph, a true or cross-table radiograph should
be taken. In an unstable SCFE, a frog-leg lateral radiograph should
not be attempted because of the significant pain and risk of further
iatrogenic slipping that it could potentially cause. At the early pre-
slip stages, other subtle signs on radiographs include asymmetric
physeal widening or blurring (the so-called ‘blanch sign’ of Steel).
Alternatively, when SCFE is not evident on standard radiographs,
a high-resolution bone scan may demonstrate increased uptake at
the superior aspect of the femoral neck and MRI will demonstrate
physeal widening on T-1-weighted images. In addition, ultrasound
has been shown to reveal an effusion and a step between the
epiphyseal and metaphyseal contour.*>

Treatment

The treatment of unstable SCFE is controversial and the best
method for surgical correction is widely debated in the literature.
A number of potential risk factors for AVN have been reported,
including the use of multiple pins, pin position and penetration,
complete or partial reduction, and the stability and severity of the
slip. A recent survey of the Pediatric Orthopedic Society of North
America found that 57% of responders reported using a single
threaded screw for fixation of an unstable SCFE, while 40.3%
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FIGURE 7.3. AP radiograph of the pelvis demonstrating a slipped capital
femoral epiphysis (SCFE) on the left (Courtesy of Dr Michael Gibson,
National Naval Medical Center).

recommended three threaded screws.* The overall goals of sur-
gical treatment are to (1) prevent further slippage until physeal
closure, (2) avoid complications, most notably AVN, and (3) main-
tain adequate hip function. Contralateral radiographs should be
obtained in the preoperative period in order to identify an SCFE
on the opposite side. Increased physeal stress is placed on the
contralateral side after operative treatment of an unstable SCFE,
which can lead to progression of the undiagnosed SCFE or trans-
formation of a stable contralateral SCFE to an unstable one.
Prophylactic fixation of the contralateral hip in children who
have a unilateral SCFE remains controversial in North America
but is more widely accepted in Europe. This option should be
strongly considered in children with underlying endocrinopathies
and renal failure, as these children have a much higher incidence
of bilateral disease (SOR-C). However, if all children with unilat-
eral unstable SCFE underwent prophylactic contralateral fixation,
65-80% of them would have unnecessary surgery, making it diffi-
cult to recommend routine prophylactic fixation (SOR-B).*’
Postoperatively, the child is allowed to get up with crutches once
comfortable, and non-weight-bearing is maintained until early evidence
of callus formation is seen along the posterior-inferior metaphysis.
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Once there is the evidence of bone healing, gradual progression to
weight-bearing is allowed (usually between 8 and 12 weeks) and
progression to full weight-bearing is usually accomplished by 3-4
months after fixation. Close follow-up is mandatory to observe for
the potential development of AVN, which typically occurs within
the first 12 months after surgery.

APOPHYSEAL INJURIES OF THEYOUNG ATHLETE
Apophyses are secondary ossification centers that serve as origin
and insertion sites of muscles and tendons in the developing skel-
eton. Whereas muscular strains are common in the adult athlete,
apophysitis and apophyseal injuries including avulsion fractures
are more common in the athlete who is skeletally immature.*® This
is true because the physis represents the weakest link in the mus-
cle/tendon/bone connection. These conditions usually affect young
athletes during the adolescent growth spurt when rapid bone
growth exceeds soft tissue development and flexibility. Historically,
males are affected up to 9 times more often than females, but now
with increased participation of females in athletics at younger
ages, this ratio is likely to diminish.* While apophysitis is likely
caused by repetitive apophyseal microtrauma from activities such
as running, apophyseal avulsion fractures usually result from a
forceful eccentric muscle contraction that acutely disrupts the
apophyseal bony integrity.>°

Although the true incidence of apophyseal injuries is unknown,
14-40% of pediatric athletes involved in strenuous activity will sus-
tain a pelvic apophyseal avulsion fracture. Ninety percent of these
injuries occur in boys between the ages of 14 and 17. One study
of 203 acute pelvic apophyseal avulsion fractures in adolescents
found that 53% occurred at the ischial tuberosity, 22% at the ante-
rior inferior iliac spine (AIIS), 19% at the anterior superior iliac
spine (ASIS), 3% at the superior corner of the pubic symphysis,
and 1.5% at the iliac crest.’! The most commonly involved sports
included soccer, gymnastics, fencing, and track and field events.

The ischial tuberosity serves as the site of origin for the medial
and lateral hamstrings and is the most common site of apophyseal
avulsion injuries in young athletes (Fig. 7.4a).>> The classic mecha-
nism that has been described is a forceful eccentric hamstring
contraction with the hip flexed and the knee extended, as seen
in kicking or hurdling.’?® The iliac crest serves as the attachment
site for the internal oblique, transversus abdominis, and gluteus
medius muscles. Excessive force from arm motion across the
trunk while running can cause iliac crest apophysitis. Iliac crest
avulsion fractures, however, are uncommon and rarely displace
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B

FIGURE 7.4. AP radiographs of the pelvis demonstrating various apophy-
seal avulsion fractures. (A) Right-sided ischial tuberosity avulsion.
(B) Left-sided iliac crest avulsion. (C) Left-sided anterior superior iliac
spine (ASIS) avulsion. (D) Left-sided lesser trochanter avulsion (Courtesy
of Dr Michael Gibson, National Naval Medical Center).
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D §

FIGURE 7.4 Continued.

(Fig. 7.4b).545> The ASIS and AIIS serve as attachment sites for the
sartorius and biceps femoris muscles, respectively, and can avulse
as a result of running and hurdling (Fig. 7.4c).>° Finally, the iliop-
soas muscle inserts on the lesser trochanter, and avulsion injuries
have been described in sprinters and jumpers during vigorous hip
flexion (Fig. 7.4d). Table 7.2 summarizes characteristics of com-
monly injured pelvic epiphyses.
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DIAGNOSIS
Injuries to the pelvic apophyses can be diagnosed by taking a
proper history and performing an appropriate physical examina-
tion. While apophysitis usually presents as a gradually worsening
hip or pelvic pain in an active adolescent athlete, an apophyseal
avulsion fracture presents with acute onset of pain, swelling, and
a limp. Affected runners may recall a palpable or audible “pop”
at the time of injury.’® The athlete with an apophyseal injury will
typically hold his or her pelvis in a position of comfort, minimizing
forces placed on the affected muscle and may walk with a limp.
Physical examination may reveal tenderness to palpation, swelling,
and ecchymosis over the affected apophysis. Resistance testing
will exacerbate the patient’s pain, and the range of motion is
typically limited.>® Rarely, an avulsion fragment may be palpated.

An AP radiograph of the pelvis should be the first imaging
study ordered for patients with a suspected apophyseal avulsion.
These avulsion injuries may not be radiographically evident on
plain films if the apophysis has not ossified, and additional
imaging may be needed for confirmation. Although MRI can
reveal these injuries, sonography is advantageous because of its
faster examination time and decreased cost.® When evaluating
for apophyseal injuries with ultrasound, four criteria can be used
for diagnosis: (1) a hypoechoic zone in the region of the apophysis
representing edema or hemorrhage, (2) widening of the normally
hypoechogenic physis, (3) tilting and dislocation of the physis, and
(4) hyperemia on Doppler.®! Finally, if avulsion fracture is clini-
cally suspected and not apparent on radiographs or ultrasound,
MRI can be used to confirm this diagnosis.®> With mild or partial
avulsions, elevated signal levels at the muscular origin may be seen
on fluid-sensitive sequences. With complete avulsion, fluid signal
is found to separate the muscle from the underlying bone, and
myotendinous retraction may be identified.®

Apophysitis or chronic avulsive injuries may present as areas
of bony rarefaction (moth-eaten appearance) or bony lysis on
radiographs. Such destructive bony patterns, especially in the
absence of obvious pelvic injury, must be differentiated from con-
ditions such as osteomyelitis or Ewing’s sarcoma.®* Finally, nearly
one-third of patients in one series of pelvic avulsive injuries had
evidence of more than one avulsive site.®

Treatment

All cases of apophysitis and the vast majority of pelvic apophyseal
avulsion fractures can be treated without surgical intervention.
Metzmaker and Pappas have described a five-step rehabilitation
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program for apophyseal avulsion injuries (SOR-C). The goal of
the first step is to rest the injury by relieving the tension on the
injured muscle. Bed rest or the use of crutch ambulation with
the hips and knees in a position of flexion (in the case of sarto-
rius, rectus, and iliopsoas avulsions) may be necessary to achieve
adequate rest, along with ice and anti-inflammatory medications.
In the second stage of rehabilitation, which begins once the acute
pain has subsided, range of motion exercises are started followed
by a progressive strengthening regimen. Limited return to sports
can be started once 50% of the anticipated strength has returned.
Once the full range of motion and strength has returned, patients
may resume their sport without limitations.®® The risk of re-injury
is high if the athlete returns to play before full healing has taken
place. Return to sports can usually be anticipated in 4-12 weeks.
Rarely, significant displacement of the avulsion fragment can
lead to fibrous union and chronic pain and disability; in these
instances, surgical excision should be considered (SOR-C).5” The
one exception to conservative management for avulsion fractures
may be hamstring avulsions from the ischial tuberosity that are
displaced more than 2 cm (SOR-C). In these cases, fibrous nonunion
may occur and cause prolonged disability.
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Chapter 8
Specific Considerations
in Geriatric Athletes

Rochelle M. Nolte

KEY POINTS

e Osteoporosis affects more than 10 million people in the United
States, with an estimated 1.5 million osteoporotic fractures
annually costing approximately $17 billion annually.

e Risk factors for osteoporosis include physical inactivity, low
body weight, low dietary intake of calcium and vitamin D,
excessive alcohol use, smoking, certain medications or medical
conditions, late menarche and early menopause, personal his-
tory of low-trauma fractures, family history of osteoporosis or
low-trauma fractures, white or Asian race, and female sex.

e Hip fractures lead to death within 1 year in 20% of cases. One-
third of patients with hip fracture require nursing home place-
ment, and fewer than one-third regain their prefracture level of
physical function.

e Screening and preventive measures are still not regularly being
recommended and implemented in primary care despite cur-
rent clinical knowledge about osteoporosis and hip fractures.

e Exercise programs for geriatric athletes should include lower
body weight-bearing, balance, and flexibility in order to main-
tain or improve function of the hip and pelvis and to prevent
falls and hip fractures.

CASE VINGETTE

MH is a 72-year-old white woman master swimmer who presents to
your office 6 weeks following surgery for a hip fracture. She sustained
an intertrochanteric hip fracture after falling on a wet tile floor.
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She had surgery on that day with the placement of a compres-
sion hip screw with side plate. She was out of bed the day after
surgery and underwent 6 weeks of outpatient physical therapy
without problems or complications and has been released into
your care. Following discharge from the hospital, she had an
environmental assessment of her home for fall risks, and she
has made all the recommended changes. She has not been going
out as much as she used to as she is afraid of falling again and
the possibility of “ending up in the nursing home.” However,
she was very active prior to her fall and she would like to start
exercising again.

Her history reveals that she is 20 years postmenopausal and
has never taken any hormone replacement therapy or other medi-
cations or supplements regularly. She has always been healthy and
has been a swimmer since she was a young child. She has had two
prior fractures: a fractured ankle in her 40s when she stepped off
a curb and turned her ankle, and a fractured wrist in her 50s when
she tripped on some steps and caught herself with an outstretched
hand. She eats what she considers a healthy diet and averages
one serving of dairy every day. She has never been a smoker and
she has 1-2 glasses of red wine with dinner every night as she has
heard it is good for cholesterol. Family history: her mother had
severe kyphosis and at the age of 80 suffered a hip fracture and
was admitted to a nursing home and died within 1 year. She has
two grown children who are healthy.

On physical exam: She is 63 in. tall, but states she has always
been 64 in. She weighs 124 pounds with a body-mass index (BMI)
of 22. She is fair-skinned with blue eyes and white hair. She has
slightly rounded shoulders and a slightly protuberant abdomen.
She walks unassisted without a limp, but with a slow gait. She uses
her arms to assist her when rising from a chair. Her surgical site
is well healed and her hips have adequate range of motion to per-
mit her to get on and off the examination table without difficulty.
However, she is very cautious when moving to take off her shoes.
The remainder of her physical exam is unremarkable.

AGE-RELATED PHYSIOLOGICAL CHANGES

Bone

Bone is a dynamic tissue that is constantly remodeling itself. In
the adult skeleton, there is an equilibrium between bone forma-
tion by osteoblasts and bone resorption by osteoclasts. Normally,
during childhood bone formation outpaces bone resorption,
resulting in increasing bone density until approximately age 18



8. SPECIFIC CONSIDERATIONS IN GERIATRIC ATHLETES 173

when 90% of bone mass is achieved. Over the next decade, the rate
of bone deposition begins to level off. At the end of this plateau,
there begins a period of net bone loss of about 0.3-0.5% per year.!
Women typically undergo an accelerated phase of bone loss that
starts up to 2-3 years prior to cessation of menses and continues
for up to 7 years.!? During this time, women typically lose bone at
the rate of about 3-5% per year.!

This gradual loss of bone can lead to osteoporosis, defined as
“a skeletal disorder characterized by compromised bone strength
predisposing to an increased risk of fracture.”? Currently, it is
estimated that there are 10 million people in the United States
with osteoporosis and that there are over 1.5 million osteoporotic
fractures annually.? The decrease in quantity and quality of bone
associated with osteoporosis leads to an increased risk of fracture,
especially of the hip and spine. Given the insidious onset, the diag-
nosis of osteoporosis is frequently overlooked until a fracture has
occurred and, in some cases, the diagnosis can be overlooked even
after a fracture has taken place. Even with substantial evidence
that a prior fracture predicts a subsequent fracture, less than 30%
of postmenopausal women and less than 10% of men with prior
fracture are treated.*

There are many known risk factors for osteoporosis. Intrinsic
risk factors include being female, advanced age, low peak bone
mass, low body weight, white or Asian race, past history of low-
trauma fracture, family history of low-trauma fracture or oste-
oporosis, and low levels of circulating estrogens.>3> Extrinsic
factors include cigarette smoking, excessive alcohol intake, low
levels of calcium intake, low levels of vitamin D intake, and physi-
cal inactivity.>3> Age is one of the most important risk factors for
women and is one of the criteria used to determine who should
be screened by further imaging. Compared to women aged 50-54,
women aged 65-69 had a 5.9-fold higher chance of having oste-
oporosis and women aged 75-79 had a 14.3-fold higher chance of
having osteoporosis.®

In addition to the above risk factors, some medications
are associated with reduced bone mass in adults as listed in
Table 8.1. Some underlying medical conditions such as gastroin-
testinal diseases (e.g., malabsorption syndromes and inflamma-
tory bowel disease), hematologic disorders (e.g., thalassemia and
pernicious anemia), and hypogonadal states can also contribute
to osteoporosis.?

One example of a screening questionnaire that can be used to
assess risk and as an instrument to facilitate discussion with women
about osteoporosis is the FRACTURE Index shown in Table 8.2.
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TABLE 8.1. Drugs that may lead to decreased bone mass

e Aluminum

Anticonvulsants (phenobarbital, phenytoin, valproate)
Cytotoxic drugs

Ethanol (excess use)

Glucocorticoids

¢ Gonadotropin-releasing hormone agonists
Heparin (long-term use)

¢ Immunosuppressants

e Lithium

Progesterone (parenteral, long-acting)
Thyroxine (supraphysiologic doses)
Tamoxifen (premenopausal use)

TABLE 8.2. Fracture index questions and scoring

Point value

1. What is your current age?
Less than 65
65-69
70-74
75-79
80-84
85 or older
2. Have you broken any bones after age 50?
Yes
No/don’t know
3. Has your mother had a hip fracture after age 50?
Yes
No/don’t know
4. Do you weigh 125 pounds or less?
Yes
No
5. Are you currently a smoker?
Yes
No
6. Do you usually need to use your arms to assist
yourself in standing up from a chair?
Yes
No/don’t know
If you have a current bone density (BMD) assessment,
then answer next question.
7. BMD results: Total hip T-score:
T-score>-1
T-score between -1 and -2
T-score between -2 and -2.5
T-score<-2.5
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TaBLE 8.2. Continued

Without BMD, using a score of 4 as a cutpoint results in a sensitivity of
66.0% and specificity of 66.3% with a positive predictive value of 5.6 for
hip fracture in the next 5 years. With BMD, using a score of 6 as a cutpoint
results in a sensitivity of 78.6% and specificity of 61.7% with a positive
predictive value of 5.8. Using a higher cutpoint in either model increases
the specificity, but is accompanied by a sharp decline in sensitivity. The
reverse is true if a lower cutpoint is used.

Source: Black et al.”

This questionnaire was developed by the Study of Osteoporotic
Fracture Research Group on the basis of the major established risk
factors for osteoporosis.” The FRACTURE Index was developed by
a prospective study of healthy white women over the age of 65 in
the United States. The index was designed to be used either with
or without knowing the patient’s bone mineral density (BMD).
While the BMD slightly increases the sensitivity of the index, even
without the BMD the index is strongly predictive of the risk of hip
fracture in the next 5 years.” (SOR-A)

OSTEOPOROSIS EVALUATION

A thorough history is the most important part of the evaluation for
osteoporosis. Review of the previously mentioned risk factors and
possibly using one of the available risk assessment tools such as
the FRACTURE Index mentioned above will be helpful in identifying
at risk patients.

A physical exam, looking for risk factors for falling, such as
decreased mobility or strength (e.g., unable to rise from a chair
without using hands), decreased proprioception, decreased visual
acuity, signs of osteoporosis (i.e., evidence of vertebral compres-
sion fractures with loss of height, kyphosis, and overly protuberant
abdomen) should be done. The physical exam should also rule out
signs of other possible causes of metabolic disease (i.e., cushingoid
features, goiter, jaundice, etc).

The information gathered from the history and physical will help
identify patients for whom further diagnostic imaging is indicated.

The United States Preventative Services Task Force (USPSTF)
recommends BMD testing for all women aged 65 or older and
for younger postmenopausal women who have one or more risk
factors for osteoporosis.® (SOR-B) Dual energy X-ray absorptiom-
etry (DEXA) is currently considered the gold standard for meas-
uring BMD.!? The radiation level associated with DEXA is low
and the precision is high compared to other currently available
techniques for measuring BMD.? The areal unit of measurement
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is grams per square centimeter (g/cm?), although it is usually
reported as a T-score, which is a standard deviation without units
of measurement. The World Health Organization (WHO) has
defined osteoporosis on the basis of BMD of the proximal femur
as measured by DEXA.” BMD that is greater than 2.5 standard
deviations below the mean for a young, white, healthy female is
defined as osteoporosis. BMD 1.0-2.5 standard deviations below
the mean is defined as osteopenia. The T-score has been applied
to define diagnostic thresholds at other skeletal sites and for dif-
ferent technologies. However, difficulties with standardization and
accuracy of measurement with the different technologies have
given rise to some controversy about the diagnostic criterion of
osteoporosis.? In addition, the original T-score was developed for
use in postmenopausal white women, and how well it applies to
men, younger women, and people of different ethnic backgrounds
is not completely clear.®

DEXA measurement of the hip is the gold standard for predicting
the future risk of hip fracture. Other methods used to measure
BMD include quantitative computed tomography (QCT), quantita-
tive ultrasound (QUS), and peripheral DEXA."® However, DEXA of
the hip is the best predictor of future hip fracture and peripheral
DEXA has not been shown to be predictive of hip fracture.>?

Once the diagnosis of osteoporosis has been made, there are a
number of pharmacological and nonpharmacological treatments
available. Some of the treatments are also used for the prevention
of osteoporosis in high-risk individuals. Some of the nonpharma-
cological interventions for treatment and prevention of osteoporo-
sis are listed in Table 8.3.

TaBLE 8.3. Nonpharmacologic interventions that may help prevent
osteoporosis-related fractures

¢ Diet with adequate calories, protein, and nutrients

* Weight-bearing exercise

¢ Strength-training exercise

Balance-training exercise

¢ Tobacco cessation

Reducing excessive alcohol intake

¢ Vision correction

¢ Assessment of any medical conditions that may decrease bone density
or increase the risk for falls

¢ Assessment of any medications that may decrease bone density or

increase the risk for falls

Elimination of tripping hazards in the home, work, and social

environments
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Pharmacological treatments used to prevent and treat oste-
oporosis include antiresorptive drugs such as the bisphosphonates
(alendronate, risedronate, ibandronate), calcitonin, estrogen, and
selective estrogen receptor modulators (SERMs), such as raloxifene.
The bisphosphonates reduce bone turnover and subsequently pre-
vent bone loss. Calcitonin inhibits osteoclasts, and previous stud-
ies have shown a decrease in the incidence of vertebral fractures as
well as an analgesic effect when administered after acute vertebral
fractures,!? but there is no significant information on the effect
of calcitonin on early menopausal BMD. Estrogen also inhibits
bone resorption, increases total hip BMD, and reduces the risk of
fracture at the hip, spine, and wrist, but data from the Women’s
Health Initiative led to the discontinuation of the estrogen plus
progestin arm of the trial in 2002 secondary to an increased risk
of breast cancer and cardiovascular outcomes over controls. The
estrogen-alone trial was stopped in 2004 because of an increased
risk of stroke.? Raloxifene is able to exert estrogen-like effects on
the skeleton, although not as effectively as estrogen or the bisphos-
phonates.? Calcium and vitamin D supplementation is also impor-
tant therapy and can be prescribed for prevention of osteoporosis,
and should be prescribed for any patients taking bisphosphonates
for prevention or treatment of osteoporosis.

The fundamental goal of managing patients at high risk for
osteoporosis is to prevent fractures and loss of function, and also
to prevent or decrease pain.! While there is evidence of increased
bone density and decreased risk of fracture with pharmacologic
intervention, there are still remaining questions about the effec-
tiveness of interventions in asymptomatic populations.??

While there is general consensus that women over the age
of 65 should have a BMD test, for women under age 65, BMD
testing is generally reserved for those considered to be “at risk”
for osteoporosis.>® What defines “at risk” is not universally agreed
upon, and any data on using medications to prevent bone loss in
perimenopausal women with normal BMD are extremely limited.
Also, the risk factors, testing, and treatment of osteoporosis in
populations other than postmenopausal white women need to be
further investigated.

MUSCLE

It is well established that muscular strength declines with age.!”
A gradual decline in muscle mass and strength begins in the fourth
decade of life. In fact, between the ages of 30 and 80, the percentage
of body weight composed of muscle mass may decline by
30-40%.!"12 Muscle tissue comprises 40-45% of total body tissue.
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Muscle synthesis and maintenance account for 20% of daily resting
energy expenditure. Of total body protein turnover, 25% occurs
in muscle.'® Sarcopenia is characterized by muscle loss, muscle
weakness, and increased fatigability, but the exact mechanism of
disease is yet to be estabilished.!® There are very little epidemio-
logical data about the relationship between sarcopenia and vari-
ous adverse outcomes.

It has been recommended that sarcopenia be defined as “lean
body mass more than two standard deviations below the young
normal mean.”'* Using this definition, the New Mexico Elder
Health Survey estimated the prevalence of sarcopenia at 22% in
white men and 31% in white women aged 60 years or older.'*
This study found that sarcopenia was associated with a fourfold
increase in the risk of disability in at least three of the instrumen-
tal activities of daily living (ADL), a 2-3-fold increase in the risk
of having a balance disorder, some increase in the risk of a gait
abnormality, and about a twofold greater likelihood of having to
use a cane or walker.!* Similar data were found with an elderly
population in Rochester, MN, with an incidence of sarcopenia of
25% in men and 52% in women.!*

In a study of pre and postmenopausal women, there was a cor-
relation between osteopenia or osteoporosis and sarcopenia. In
premenopausal women, it was found that there was a 12.5% preva-
lence of sarcopenia in the osteopenic population and a prevalence
of 0.8% in the population with normal BMD.!> In postmenopausal
women, the prevalence of sarcopenia was 16.1% in those with nor-
mal BMD, 25% in those with osteopenia, and 50% in those with
osteoporosis.!>

While the best method to prevent and treat sarcopenia is yet to
be established, physical activity and resistance exercise stimulate
muscle protein synthesis. Current evidence supports resistance
exercise to prevent sarcopenia and to increase muscle strength in
those with sarcopenia.'l"'* (SOR-C)

CARTILAGE, LIGAMENTS,AND TENDONS
Aging leads to a decrease in the quantity and quality of synovial
fluid and a decrease in cartilage proteoglycan content.!® This leads
to decreased water content and elasticity of the cartilage in weight-
bearing joints, including the hip.'®!7

Elasticity of the connective tissue of ligaments and tendons
declines with age most likely secondary to changes in collagen,
elastin, and water content. This can lead to aging collagen being
more subject to overload failure as well as leading to increased
stress and force across the joint because of decreased flexibility
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and decreased range of motion.!®!” Tendon diameter decreases
with age and the tendons become stiffer with a lower failure
threshold compared to younger individuals.!®

BALANCE

Balance can be defined as the ability of an individual to maintain
his or her center of gravity within specific boundries.!® Balance
may be either static or dynamic.'®!° The visual, vestibular, and
proprioceptive systems are all important in maintaining balance,
and all can suffer degenerative changes with aging. One of the
most serious outcomes of poor balance in the elderly is falls.

The accumulative exposure of degenerative, infective, and inju-
rious processes to the sensory, motor, and adaptive systems, com-
bined with slowed protective reflexes, leads to a decreased ability
to withstand unexpected perturbations with advancing age.!8-2°

At least 18% of the community-dwelling population over the
age of 70 has substantial visual impairment from conditions such
as cataracts, glaucoma, or macular degeneration.?’ Three case—
control studies demonstrated a significant increase in falls and hip
fractures among both men and women with impaired vision.?’

Aging has a significant effect on the vestibular system, with an
estimated neuronal loss of 3% per decade after age 40.'

Age-associated changes in postural control, muscle strength,
and step height can impair a person’s ability to avoid a fall after an
unexpected trip or while reaching or bending. These changes can
be due to arthritis or decreased range of motion secondary to loss
of elasticity in muscle, tendon, or ligaments.

The most common causes of falls in older person are listed
in Table 8.4. The most common risk factors for falls are listed in
Table 8.5.

About one out of three community-dwelling people over the
age of 65 sustain a fall each year.?® About 1% of those who fall
sustain a hip fracture, which carries a 1-year mortality rate of
20-30%.%° Among community-dwelling people who fall and sus-
tain a hip fracture, between 25% and 75% never recover their
prefracture level of function.?®

EXERCISE TO PREVENT INJURY

Weight-Bearing Exercise

A Cochrane review of 18 randomized controlled trials showed that
walking is effective in increasing the density of the bone mass in
the spine and the hip.® Aerobics and weight-bearing and weight-
resistance exercises were also found to be effective; however, the
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TABLE 8.4. Causes of falls in older persons: summary of 12 large studies

Cause Mean (%)? Range®
Accident and environment related 31 1-53
Gait and balance disorders or weakness 17 4-39
Dizziness and vertigo 13 0-30
Drop attack 9 0-52
Confusion 5 0-14
Postural hypotension 3 0-24
Visual disorder 2 0-5
Syncope 0.3 0-3
Other specified causes® 15 2-39
Unknown 5 0-21

aMean percent calculated from the 3,628 reported falls.

bRanges indicate the percentage reported in each of the 12 studies.
°This category includes arthritis, acute illness, drugs, alcohol, pain, epi-
lepsy, and falling from bed.

Source: Rubenstein and Josephson?’

TABLE 8.5. Risk factors for falls: analysis of 16 studies

Risk factor Mean RR-OR?
Lower extremity weakness 4.4
History of falls 3.0
Gait deficit 2.9
Balance deficit 2.9
Use assistive device 2.6
Visual deficit 2.5
Arthritis 2.4
Impaired ADL 2.3
Depression 2.2
Cognitive impairment 1.8
Age >80 years 1.7

#Relative risk ratio (RR) calculated for prospective studies. Odds ratio
(OR) calculated for retrospective studies.
Source: Rubenstein and Josephson?’

review gave no specific information about the amount of walking
or exercise needed.

Physical activity provides a positive stimulus for bone for-
mation, but only at the sites of the skeleton that are physically
stressed. For example, upper body weight training will not
increase bone mass at the hip. Also, the physical activity needs to
be continued, as bone mass will return to its previous level if activ-
ity returns to the previous level. With a complete lack of activity,
such as with immobility or bedrest, bone loss occurs.
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For bone gain to occur, the stimulus must be greater than what
the bone usually experiences, and physical activities that include
a variety of loading patterns such as strength training or aerobics
classes may promote increased bone mass more than activities
that involve normal or regular loading patterns.’

Weight training is also an effective way to approach age-related
sarcopenia. Many studies have confirmed an increase in mus-
cle strength and muscle mass with weight training, and current
evidence provides support for resistance training as a primary
intervention to prevent sarcopenia and to arrest its progression in
the elderly.!!13

Numerous studies involving both men and women over a
wide range of ages (40-90) have shown that strength training aids
in increasing muscle strength and muscle hypertrophy as well
increasing bone strength and reducing injuries.?!

Flexibility Exercise

Research regarding flexibility exercises in the elderly is limited. It
is generally accepted, however, that flexibility training can opti-
mize joint range of motion and musculoskeletal function, and thus
reduce injury potential and enhance functional capability.!”

Balance Exercise

Numerous studies have shown that exercise can improve fall risks
such as poor balance, gait impairment, and muscle weakness.?’
Effective exercise programs include Tai Chi, which consists of
slow, rhythmic movements that require trunk rotation, dynamic
weight shifting, and coordination between upper and lower
extremity movements, and other programs that focus on muscle
and balance training.’ Balance training often includes a range of
static and dynamic exercises such as standing on one foot, tandem
standing, ball games, moving to music, and functional exercises
that involve bending, reaching, and transferring weight.?°

EXERCISE AFTER HIP SURGERY
Senior citizens are the fastest growing segment of the American
population, with 35 million people over the age of 65 in 2000.%2
The majority of total hip arthroplasties (THA) done for end-stage
osteoarthritis and the majority of open reduction internal fixation
(ORIF) surgeries for hip fractures are done in this population.
Hip fractures are one of the most devastating injuries an eld-
erly individual can suffer. While hip fractures in younger patients
are usually due to high-impact trauma, hip fractures in the geri-
atric population usually result from a fall from a standing height.
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This level of force is not usually enough to fracture a bone of
normal density, but can be enough to cause a fracture in oste-
oporotic bone, especially if a person’s ability to reach out and
cushion the fall is compromised by slowed reflexes, arthritis, or
any other condition that limits their movement.

Women account for 80% of all hip fractures, and the incidence
of hip fractures increases dramatically with age, from 2 fractures
per 100,000 among white women under age 35 to over 3,000 per
100,000 among white women 85 years and older.’

Hip fractures are repaired surgically in the majority of cases.
Either ORIF or THA may be done depending on the exact location
and extent of the fracture, the expectation for level of activity after
surgery, and any underlying pre-existing pathology of the hip joint.
THA is also done for patients with end-stage osteoarthritis and has
been shown to greatly improve mobility and quality of life.??

Exercise following hip surgery should be encouraged, but
should also be done in a safe environment. Supervised physical
therapy is appropriate until a patient is able to ambulate and
transfer safely either with or without an assistive device. Any
rehabilitation or exercise program should address any underlying
muscular weakness or limited mobility that the patient may have
had prior to the surgery. The exercise program should also include
some weight-bearing exercise to prevent continued bone loss from
disuse. Exercises that promote balance and proprioception should
also be incorporated to decrease the chances for future falls and
further injury. Any exercise program should also enhance the psy-
chological well-being of the patient by helping them overcome any
possible fear they may have of falling or further injuring their hip.
It should also include activities that they enjoy and assist them in
returning to their prior level of social functioning.

For the first 6-8 weeks after THA, patients may have to observe
precautions to avoid dislocating the hip, but should participate in
a physical therapy program to increase their strength and improve
their gait to the point that they can ambulate without an assistive
device. After the first 6-8 weeks, patients may begin to resume
some recreational activities.

There is concern that after THA excessive load-bearing will
increase the amount of wear on the joint, increasing the chances
of early loosening and failure. This has led most surgeons to con-
servatively recommend low-impact activities such as swimming,
cycling, and walking, and discourage high-impact activities such
as football, handball, basketball, soccer, or hockey.?*> However,
there are not many prospective randomized studies on athletic
activities after THA in the current literature and not much
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evidence and information available to assist in counseling patients
on sporting activities following THA.

There has been some evidence that more active patients were
at an increased risk for revision surgery, but any harmful effects
of sports participation were not noticed until 10 years postopera-
tively.?3 It is not recommended that patients try to pick up any new
activities after their THA that may be technically difficult to learn,
as the incidence of injury goes up with inexperience. However, for
patients who are experienced in some activities and would like to
do them occasionally for recreation such as dancing or skating,
there is no general consensus that these activities must be avoided.
However, it is recommended that any exercise that is done sev-
eral times each week to maintain aerobic fitness be a low-impact
activity such as swimming or cycling rather than jogging or high-
impact aerobics to avoid excessive wear on the hip joint.?>>* For
a list of the consensus recommendations for activity after THA,
see Table 8.6.

TABLE 8.6. Consensus recommendations for activity after total hip
arthroplasty (1999 Hip Society Survey)

Recommended/allowed

¢ Stationary bicycling

e Croquet

¢ Ballroom dancing

e Golf

e Horseshoes

¢ Shooting

¢ Shuffleboard

¢ Swimming

¢ Doubles tennis

e Walking

Allowed with experience
¢ Low-impact aerobics
¢ Road bicycling

¢ Bowling

e Canoeing

e Hiking

¢ Horseback riding

¢ Cross-country skiing
Not recommended

¢ High-impact aerobics
¢ Baseball/softball

¢ Basketball

¢ Football

e Gymnastics

¢ Handball

Continued
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TaBLE 8.6. Continued

¢ Hockey

e Jogging

® Lacrosse

¢ Racquetball

e Squash

¢ Rock climbing

* Soccer

Singles tennis

e Volleyball

No conclusion

e Jazz dancing

¢ Square dancing
¢ Fencing

e Ice skating
Roller/inline skating
e Rowing

Speed walking
Downhill skiing
Stationary skiing
Weight lifting

¢ Weight machines

Source: Kuster?

CASE FOLLOW-UP

MH has suffered a low-trauma hip fracture secondary to underlying
osteoporosis. Her history has significant risk factors such as her
family history of her mother sustaining a hip fracture, and her
personal history of two prior low-trauma fractures. Her alcohol
use is relatively high and may put her at further risk as does her
lack of use of any osteoporosis prevention medications or supple-
ments. Her loss of height with kyphosis on physical exam is prob-
ably secondary to asymptomatic vertebral compression fractures
she has already sustained. She also has other risk factors evident
on her physical exam such as her low BMI and her relative muscle
weakness (needing to use her hands to rise from a chair).

The initial appointment is spent answering her questions
about osteoporosis, addressing her fears about the possibility of
another hip fracture, discussing measures to prevent falls, and
recommending testing and treatment.

She does not like to take pills, but is agreeable to an over-
the-counter chewable calcium supplement with vitamin D and is
willing to take an oral bisphosphonate she has heard about that
only has to be taken once each month. She is also agreeable to
decreasing her wine to only one glass with dinner on the weekends.
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She will schedule her baseline DEXA scan to be completed before
her next appointment with you.

She wants to resume swimming at this time and she is encour-
aged to do so. Given her underlying osteoporosis and relative
muscle weakness, adding more weight-bearing activity such as
walking is also recommended. She states she is hesitant to start
a walking program as she is nervous about falling again, but she
is willing participate in a resistance exercise program and take Tai
Chi classes at the local community center in order to build her
strength and stability. She will follow up in 1 month to review the
results of her DEXA scan and for a functional assessment of her
gait, core stability, balance, proprioception, and vision. She will
also be assessed to see if her fear of falling has resolved enough to
permit her to start a walking program and to resume her previous
level of social function.
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Chapter 9
Hip and Pelvis Injuries
in Special Populations

Dorianne R. Feldman, Marlis Gonzdlez-Ferndndez,
Aarti A. Singla, Brian . Krabak, and Sandeep Singh

CLINICAL PEARLS

® Heterotopic ossification is a common complication in disabled
populations that can significantly affect hip range of motion,
cause pain, and limit functional mobility.

e The most common musculoskeletal injuries among amputee
athletes are sprains and strains to the lumbar spine and sacro-
iliac joint on the uninvolved side.

e Athletes with cerebral palsy typically experience lower extremity
injuries that involve the patellofemoral joint which are due to
muscle spasms of the surrounding muscles.

e Wheelchair athletes are at a greater risk of long bone fractures
due to osteoporosis.

e Disabled athletes require sport- and disability-specific equipment
to minimize injury.

CASE STUDY

FM is a 33-year-old South Asian male with a history of a traumatic
C5-6 complete spinal cord injury (SCI) who presents with right
hip pain and swelling. At the age of 19, FM sustained a C5 poste-
rior vertebral fracture.

For the last 10 years, he has been actively involved in wheel-
chair athletics such as swimming, skiing, rugby, and wheelchair
racing. The patient has complained of right hip pain and mild
swelling for approximately 3 years. He then began noticing
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increased difficulty with hip flexion. The pain worsened and
limited hip range of motion, interfering with transfers, bed mobility,
and wheelchair positioning. He began requiring more assistance
with all functional mobility skills and activities of daily living,
significantly affecting his quality of life and prompting him to seek
medical care.

FM complained of pain in the anterior-lateral region of the
right hip. Musculoskeletal examination was consistent with C6
quadriplegia. Both lower extremities were insensate and atonic.
There was significant atrophy throughout the trunk and bilateral
lower extremities. Right hip examination demonstrated warmth
to palpation. There was no erythema. Passive range of motion
was significantly limited in external rotation, internal rotation,
and flexion. Radiographs of the right hip revealed extrinsic bone
formation lateral to the subcapital femoral region, most evident on
anterior—posterior view (Fig. 9.1).

The differential diagnosis for right hip pain is extensive in
both able-bodied and disabled athletes. In the absence of obvious
trauma, the differential diagnosis is narrower and includes condi-
tions such as osteoporotic fractures, osteoarthritis, septic arthritis,
heterotopic ossification, and hip dislocation. In this case, the most
likely is heterotopic ossification. Heterotopic ossification is com-
mon in SCI, particularly in athletes. Radiography was diagnostic,
demonstrating abnormal periarticular bone deposition. Ectopic
bone formation is responsible for the limitations in range of
motion and pain. In this chapter, we focus our discussion on the
most common causes of hip and pelvis dysfunction in the disabled
athlete population.

INTRODUCTION

For centuries, able-bodied individuals have engaged in athletic
competitions. However, it has only been since the middle of the
twentieth century that individuals with physical impairments have
been able to participate in competitive sporting events. As a result,
functional impairment is no longer a barrier to participation in
athletics, and interest in accommodating the needs of those with
disabilities continues to grow.

The psychological and physical benefits of exercise are numerous
and include improved self-concept, psychosocial attitude, social
awareness, social reintegration, perception of well-being, and
health (SOR-A).!? Studies show that exercise can significantly
increase psychological well-being in wheelchair athletes (SOR-B).!
Disabled individuals who participate in athletic activities dem-
onstrate better cardiopulmonary endurance, exercise tolerance,
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B

FIGURE 9.1. Heterotopic ossification of the right hip. An irregular linear
lucency is seen in the subcapital region. (A) AP view of the right hip (B)
Lateral view of right hip.
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mobility, balance, cardiovascular health, and less obesity when
compared to those who do not participate (SOR-B).? Engaging in
sports may also improve bone mineral density (especially for those
who are at a wheelchair mobility level) (SOR-B).* Proprioceptive-
related activities have been associated with improved amputee
weight-bearing and gait (SOR-B).>

It is well known that physical fitness levels are decreased for
individuals with disabilities compared to their able-bodied coun-
terparts.? Involvement in sports can significantly improve quality
of life and life expectancy, which consequently decreases hospital
admissions and medical complications (SOR-B).¢ Individuals who
are disabled but active have fewer cardiac risk factors including a
better lipid profile (SOR-A).”3

Studies have shown that the injury rate and type of injuries
are similar for both disabled and able-bodied athletes (SOR-B).°
According to injury data,!® the most common injuries in parath-
letes (1976 forward) are sprains, strains, abrasions, contusions,
fractures, and dislocations. Location of injury is sport- and
disability-related (Fig. 9.2). Lower extremity injuries occur more
frequently in ambulatory athletes (visually impaired, amputee,
cerebral palsy), while upper extremity injuries are more common
in wheelchair athletes. Most injuries required less than 7 days
without participation in the sport (SOR-B).!°

Athletes are categorized using the Functional Classification
System (FCS) (Table 9.1) for competition purposes. The FCS
groups athletes according to their performance and is used as a
tool to re-evaluate performance throughout an athlete’s career.
The FCS is impairment-based, whereas the system for able-bod-
ied athletes is sport-specific. It differentiates between athletes
with and without assistive devices and provides a framework for
equitable competition among athletes with diverse disabilities.
All assistive devices, prosthetics, or other adaptive equipment
must be examined to ensure fair competition. For example, an
above-knee-amputee skier with either knee disarticulation or
hip disarticulation must use a three-track system (ski with two
outriggers).!'> We will discuss the challenges these athletes have
using the following FCS categories: wheelchair, amputee, and
cerebral palsy.

In addition to the FCS, a sports-medical assessment protocol
is available. It incorporates cardiovascular and musculoskel-
etal evaluations geared toward identifying medical problems
or impairments and defining therapeutic goals for training
programs.
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DA\

USABA

WSUSA

DSUSA

FIGURE 9.2. Predominant unique body region of soft tissue injury for
the United States Association of Blind Athletes (USABA), Wheelchair
Sports USA (WUSA) athletes, and Disabled Sports USA (DSUSA) athletes.
Reprinted from Nyland J, Snouse SL, Anderson M, et al. Soft tissue injuries
to USA paralympians at the 1996 summer games. Arch Phys Med Rehabil
2000; 81:368-373. With permission from Elsevier.

TABLE 9.1. Functional classification system categories and classes

Visually impaired (athletics)

T10 No light perception; unable to recognize hand shapes
T11 2/60 and/or visual field of <5_

F11

T12 2/60-6/60 and visual field of >5_ and <20_

F12

Continued
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TaBLE 9.1. Continued

Amputee

T42 Single above the knee; combined lower and upper limb amputa-
tions; minimum disability

T43 Double below the knee; combined lower and upper limb ampu-
tations; normal function in throwing arm

T44 Single below the knee; combined lower and upper limb amputa-
tions; moderate reduced function in one or both limbs

T45 Double above the elbow; double below the knee

T46 Single above the elbow; single below the elbow; upper-limb
function in throwing arm

F40 Double above the knee; combined lower- and upper-limb ampu-
tations; severe problems when walking

F41 Standing athletes with no more than 70 points in the lower
limbs

F42 Single above the knee; combined lower- and upper-limb amputa-
tions; normal function in throwing arm

F43 Double below the knee; combined lower- and upper-limb ampu-
tations; normal function in throwing arm

F44 Single below the knee; combined lower- and upper-limb ampu-
tations; normal function in throwing arm

F45 Double above the elbow; double below the elbow

F46 Single above the elbow; single below the elbow; upper-limb

function in throwing arm

Cerebral palsy

T30

T31

T32
F32

T33

F33
T34

F34
T35

F35
T36

F36
T37

F37

Severe to moderate involvement; uses one or two arms to push
wheelchair; control is poor; affects both arms and legs

Severe to moderate involvement; foot-propelled wheelchair
push; affects both arms and legs

Limited control of movements; some throwing motion

Full upper strength in upper extremity; propels wheelchair inde-
pendently; affects both arms and legs or same-side arm and leg
Good functional strength with minimal limitation or control
problems in upper limbs and trunk; affects lower legs

May use assistive devices; slight loss of balance; affects lower
legs or both legs and one arm

Walks or runs without assistive devices; balance and fine motor
control problems

Good functional ability in dominant side of body; affects arm
and leg on same side of body

Minimal involvement; could be present in lower legs, arm, and leg
on same side of body, one leg, or demonstrate problems with bal-
ance

Continued
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TaBLE 9.1. Continued

Wheelchair

T50 Uses palms to push wheelchair; may have shoulder weakness

T51 Pushing power comes from elbow extension

T52 Normal upper-limb function; no active trunk

T53 Backward movement of trunk; uses trunk to steer; double
above-the-knee amputations

F50 No grip with nonthrowing arm; may have shoulder weakness

F51 Difficulty gripping with nonthrowing arm

F52 Nearly normal grip with nonthrowing arm

F53 No sitting balance

F54 Fair to good sitting balance

F55 Good balance and movements backward and forward; good
trunk rotation

F56 Good movements backward and forward, usually to one side
(side-to-side movements)

F57 Standard muscle chart of all limbs must not exceed 70 points

Functional (swimming)

S1 Unable to catch water; restricted range of motion; no trunk con-
trol; leg drag; assisted water start

S2 Unable to catch water; restricted range of motion; no trunk con-
trol; slight leg propulsion; unassisted water start

S3 Wrist control limited; limited arm propulsion; minimal trunk
control; hips below water; water start

S4 Wrist control; arms not fully fluent; minimal trunk control; hips
below water; better body position

S5 Full propulsion in catch phrase; limited arm movement; trunk
function; leg propulsion; sit or stand starts

S6 Catch phrase present; arm movement efficient; trunk control;
leg propulsion; push start, sit or stand

S7 Good hands; good arms; good trunk; hips level; stand or sit dive start

S8 Hand propulsion; arm cycle good; trunk good; hips and legs
level; use of start blocks

S9 Full hand propulsion; full arm propulsion; full trunk control;

propulsive kick; dive start from blocks
S10 Full hand and arm propulsion; full arm propulsion; full trunk
control; strong leg kick; dive start and propulsion in turns
Visually impaired (cycling, goalball, judo, and swimming)

B1 No light perception; unable to recognize hand shapes
B2 Visual acuity of 2/60 with <5_ field of vision
B3 Visual acuity of 2/60-6/60 and field of vision 5-20_

From Patel DR and Greydanus DE.!! With permission from Elsevier

HISTORY OF DISABLED ATHLETICS

Sir Ludwig Guttmann, a German-born refugee from Nazi occu-
pation, is credited with originating and popularizing organ-
ized sports for the disabled. As director of the SCI unit at the
Stokes-Mandeville Hospital in London, Guttmann established
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a comprehensive rehabilitation program for paralyzed patients
and incorporated athletics. In 1948, Guttmann organized a sports
competition for World War II veterans with SCI. All the partici-
pants were wheelchair athletes. What began as recreational reha-
bilitation is considered to be the origin of athletic competition for
individuals with disability. Four years later, Guttmann’s event was
transformed into an international competition when a Dutch ex-
serviceman joined the games. The Paralympics were born.!?

The Paralympics, which began, in Rome, as an event consist-
ing of 400 athletes from 23 different countries, today attracts close
to 4,000 participants.® As the number of disabled individuals par-
ticipating in sports continues to grow, it is important that physi-
cians are able to meet the needs of this population.

THE AMPUTEE ATHLETE

The most common musculoskeletal injuries among amputee ath-
letes are sprains and strains to the lumbar spine and sacroiliac
joint on the uninvolved side. These injuries are attributed to the
mechanical stress of the ground reaction forces during running
or ambulation and the asymmetric biomechanical force transmis-
sion patterns of the involved and noninvolved sides. In addition,
prosthetic alignment (increased hip flexion and ankle plantar flex-
ion) contributes to lumbar spine and pelvic injuries, by causing
increased lumbar lordosis (SOR-B).!3 It is important for the sports
physician to understand the impact of prostheses and other adap-
tive equipment on the biomechanics of the specific sport.

Overview
The amputee athlete has a variety of options for adaptive equip-
ment. The new, lightweight, more durable, and better engineered
adaptive devices have enabled amputee athletes to attain a better
gait pattern (SOR-B).! As a result, these athletes can engage in
almost any sporting activity. As noted above, it is important that
the physician understand (1) the types of amputation, (2) the
various adaptive equipment options, (3) biomechanical considera-
tions, and (4) how these factors impact athletic injuries.
Regardless of the level of amputation, there is an automatic
change in biomechanics both with and without the use of a pros-
thesis. The higher the level of amputation, the greater the biome-
chanical considerations: more energy is required to complete basic
functional activities, weight-bearing demands on the residual limb
are increased, and the center of gravity is altered, compromising sta-
bility and increasing the likelihood of falls (SOR-C). As a result, bal-
ance-dependent tasks are more challenging for these individuals. !!
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Lower-extremity amputee athletes use prosthetics that are
adapted for their specific sport. All sports prostheses must be able
to withstand the demand placed on them by the athlete. Specific
prosthetic components are used for activities such as sprinting,
endurance, and jumping. Carbon composite and energy storing
feet, as well as hydraulic, multiaxial, and computerized knee
systems improve gait, athletic prowess, and agility (SOR-C).!2
A shock-absorbing mechanism is desirable for endurance activities
(SOR-C).!2 Because shock-absorbing devices are heavier, they may
reduce speed, and therefore sprinters prefer lighter prosthetic
components (SOR-C).!? Carbon fiber components, particularly
feet, have flexible shanks allowing them to deform on loading and
recoil at toe-off, increasing energy return (SOR-C).'4

Of note, the residual limb is vulnerable to blistering and
swelling at pressure-sensitive areas (fibular head, distal tibia,
and femoral condyles for transtibial amputees, and ischium for
transfemoral amputees) (SOR-C).! In athletes with transfemoral
amputations, ischial bursitis can occur as a result of weight-
bearing patterns and prosthetic socket design. For the same rea-
son, the greater trochanter and femur can also be affected.! An
improperly fitting prosthesis can further aggravate the situation
(SOR-C).!3 Socket irritation can cause prepatellar, infrapatel-
lar, or pretibial bursitis in athletes with transtibial amputations
(SOR-C).!" Amputee athletes can develop residual limb fractures
above the prosthesis. !!

Hyperextension frequently precipitates quadriceps tendon
injuries. The quadriceps muscle is subjected to extreme forces
during sudden extension movements: acceleration, deceleration,
landing, and jumping.'? The repetitive stress of these forces causes
micro-tears at or near the attachment point of the quadriceps
tendon to the superior aspect of the patella.'> Most of the time,
these injuries are minimal and do not limit competition. When
the symptoms persist or progress, pain will intensify and perform-
ance will suffer. Chronic tendinopathy may develop, which could
ultimately result in a complete rupture of the quadriceps tendon
(SOR-C).'? Injuries to the uninvolved limb may include plantar
fascitis, achilles tendonitis, and stress fractures.!3

Running

Injuries can affect both the involved and uninvolved extremity.
Lower extremity injuries are more common in ambulatory athletes
and typically occur during running activities.!® While engineering
has improved knee mechanisms and energy-storing feet designs,
the abnormal ground reaction force effect on the residual limb



196 D.R.FELDMAN et al.

remains a concern. In able-bodied individuals, the ankle is the
primary shock absorber and also dampens the rotatory effects of
the distal leg and knee.! Prosthetic devices attempt to imitate these
protective mechanisms, but may still endanger the residual limb.
Environmental surfaces, irregular terrain, and malaligned pros-
theses alter biomechanical forces, affecting balance and increasing
the risk for falls.! It should be noted that amputee athletes who
compete without a prosthesis have an increased risk of injury of
the uninvolved limb (SOR-C).!

For running, it is necessary to have sufficient lower extremity
muscle strength, power, and motor coordination (SOR-C). Similar
to normal gait, the running cycle consists of two phases: stance and
swing. As speed increases, the amount of time spent in stance
decreases. Because runners with transtibial amputations must use
an artificial foot and ankle, their performance is dependent on pros-
thetic design, regardless of prosthetic choice (SOR-C).'* Running
with a transtibial prosthesis increases knee extension time during
stance on the involved limb (SOR-B).'* This alteration in biome-
chanics can affect resilience and premature fatigue may develop.!

Czerniecki et al.’> found that individuals with transtibial
amputations rely heavily on the hip extensors of the affected
limb during running for energy production and shock absorption
(SOR-B). In a follow-up study comparing able-bodied runners to
runners with unilateral transtibial amputations, inherent adapta-
tions in swing phase mechanics were seen. These findings suggest
that the uninvolved lower extremity and trunk compensate for the
decreased force generation of the stance phase prosthetic limb
(SOR-B).'® Many believe that this energy transformation provides
some compensation. Other biomechanical differences in amputee
runners include asymmetry of component ankle, knee, and hip
forces, all of which increase the risk of injury.

For athletes with transfemoral amputations, running is more
challenging because prosthetic choice necessitates a knee com-
ponent (SOR-C). Gait dynamics change: duration of swing phase
increases on the affected side, and toe clearance on the unaffected
side is accomplished by hip elevation combined with weight
shifting toward the affected side.!? Computer-enhanced knee
components facilitate forward movement of the distal elements
approximating normal cadence.!? This type of prosthesis is a com-
mon choice for track athletes because it facilitates swing phase
control (Fig. 9.3) (SOR-C).!? However, gait deviations may still
occur. These may include excessive vaulting (rising on the toe of
the uninvolved side to assist with forward movement of the pros-
thesis, minimal knee flexion required), abnormal trunk movement
and control, nonreciprocal or symmetric arm movement, and
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FIGURE 9.3. Recreational golfer with computerized knee unit prosthesis
(C-Leg). Courtesy of Otto Bock.

decreased pelvic rotation. Training and modification of prosthetic
knee component may alleviate these problems (SOR-B).!!2

Skiing
Specialized adaptive equipment is available for amputees who
want to ski. For some amputees a three-track system is required:
skis attached to two crutches with a third ski on the uninvolved
side (Fig. 9.4). Other adaptations include a multiaxial ankle or an
ankle fixed in 15-25° of dorsiflexion for athletes with transtibial
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FIGURE 9.4. Paralympic skier using a three-track system: skis are attached
to two crutches, with a third ski on the uninvolved side. Courtesy U.S.
Paralympic Committee.

amputations, and a mono-ski with a bucket seating device for
athletes with bilateral transfemoral amputations or hip disarticu-
lation (SOR-B).!

Data from the 2002 Winter Paralympic Games indicate that
alpine skiers were more frequently injured than sledge hockey or
Nordic skiers (64% vs. 31% vs. 8%; respectively); 38% of alpine
skiers had lower extremity injuries; Nordic skiing injuries were
located exclusively in the upper extremity, and sledge hockey inju-
ries were more common in the upper extremity (50%) than in the
lower extremity (33%).'” No link has been found between gender
and the incidence of ski injuries.!”

Water Sports

Amputee scuba divers use water-safe prostheses, which are
designed to prevent buoyancy. Elastomeric coverings also are
available to protect traditional prostheses from limited water
exposure. High-level amputees can also swim without a prosthe-
sis (SOR-B).! This is important because conventional prosthetic
devices are not permitted at governed, international swimming
events (although fin attachments are acceptable) (SOR-C).!
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In any case, training to prevent lateral drifting and trunk dysfunction
is recommended (SOR B).!

Cycling
Specialized terminal devices enable many amputee athletes to
compete in cycling events. As in able-body cycling, binding sys-
tems that attach the prosthesis and the contralateral cycling shoe
to the pedals are available. It may be necessary to adapt the seat
width to optimize balance.! Toe clips might be contraindicated if
the unaffected foot needs to become free to prevent falls. Some
high-level amputees can cycle without a prosthesis using only their
intact limb.!

Prosthetics for other sports can be tailored to the individual
and the specific sport (SOR-C) (Fig. 9.5).!2

FIGURE 9.5. Rock climber using custom prosthesis with KISS suspension.
Courtesy of KISS technologies, LLC.
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THE ATHLETE WITH CEREBRAL PALSY

Spasticity, athetosis, and ataxia are classic features of cerebral
palsy (CP). Other manifestations include reduced flexibility of
muscles and tendons and decreased strength (extensors weaker
than flexors). Also, joint contracture can develop if these condi-
tions worsen.

The ratio of ambulatory to nonambulatory athletes with CP
is about 50:50. Nonambulatory athletes participate in wheelchair
sports.!! Ambulatory ability determines whether an athlete who
has CP is at risk for upper (43%) or lower extremity injuries (44%).
In contrast, wheelchair-dependent athletes generally sustain upper
extremity injuries (65%).' Ferrara and colleagues'® conducted a
retrospective cross-sectional survey of disabled athlete injuries
and found that the incidence of injuries to athletes with CP was
as follows: 21% knee, 17% shoulder, 15% leg/ankle, and 14% hand/
finger. For the purposes of this text, we will concentrate on lower
extremity injuries.

Increased muscle tone (spasticity) is the major predisposing
factor for athletic injuries in this population.'? Spasticity can inter-
fere with a person’s ability to operate a manual wheelchair, ambu-
late, fit into clothing properly, or perform transfers and activities of
daily living. Other sequelae include contractures, skin breakdown,
and pain. The frequent involuntary muscle activity exhibited by this
population raises safety issues that are important considerations
when organizing competitions and designing training programs.
These issues include falling out of the wheelchair, gait dysfunction
with forward movement, and loss of balance/postural control.

Athletes with CP typically experience lower extremity inju-
ries that involve the patellofemoral joint and are due to muscle
spasms of the surrounding muscles. Classically, there is shortening
and tightening of the quadriceps and hamstring muscles, which
increase the tension across the joint. Athletes with CP can also have
deformities of the ankle and foot (such as equinovarus, equinus,
and valgus deformities), which increase the risk for subsequent
injuries and pain. Often, athletic involvement is interrupted and ortho-
pedic intervention is needed (SOR-C).!! Ankle instability, calluses,
pressure sores, and metatarsal pain are commonly seen.!!"1?

There is also a tendency for overuse syndromes including
muscle strains and chronic knee pain. As stated earlier, there is
an increased risk for patellofemoral dysfunction as well as chon-
dromalacia patella.!? Patella alta (high-riding patella) can be a
consequence of decreased quadriceps and hamstring flexibility.'?
Developmental hip abnormalities (coxa valga, acetabular dysplasia,
and hip subluxation) may also occur.!!"'? These conditions are
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more common in the pediatric CP population. Tight hip flexors
and extensors can exacerbate lumbar lordosis, chronic back pain,
and spondylolytic changes. !

For functional and athletic purposes, spasticity must be
controlled (SOR-C). Strategies for management include pharma-
cologic treatment with antispasmodics, positioning, bracing, or
physical therapy (SOR-C). Bracing is helpful for tone reduction
and ambulation (SOR-C). Pain is usually treated with anti-inflam-
matory and antispasmodic medications depending on the etiology
(SOR-C). Once tone is reduced, stretching is important in prevent-
ing contractures and maintaining flexibility. This must be done
in a slow, sustained manner to avoid stretch reflex induction.!!
Strengthening programs must also consider the effect of muscle
tone in an effort to prevent further muscle imbalance (SOR-B).!!

THE WHEELCHAIR ATHLETE

Individuals with SCI, CP, amputations, and spina bifida engage
in wheelchair athletics. The incidence of lower extremity injuries
(specifically the hip and pelvis) is rare because the upper limb is
used for transfers and mobility. Despite the limited number of
lower extremity injuries, the sports physician should be aware of
some specific injuries (Fig. 9.6).

Among those with SCI, osteoporosis is common, increasing the
risk of fracture. The distribution of bone demineralization differs
in the spinal-cord-injured population where it is predominantly
located in the lower extremities and is attributed to disuse.!”
Goktepe and colleagues* found reduced trochanter and femoral
neck bone density in athletes and individuals with SCI. Bone loss
occurs within the first 3 months after the onset of injury.?°

According to Zehnder et al.,?!' the incidence of known fracture
in complete paraplegic males is 2.2% per year. The average time to
onset of documented fracture was approximately 9 years. Fracture
incidence for males with complete paraplegia increases from 1%
within the first year to 5% per year after 20 years.?! The rate of
complications such as osteomyelitis, pressure sores, or contrac-
tures can reach 20-40%.2? Patients can present with symptoms
mimicking a viral illness like fever and general malaise.?’ Pain
is less commonly identified because of the lack of sensation.?’
Physical examination may reveal swelling and ecchymosis.

Conservative treatment is usually recommended for nondis-
placed fractures. A soft well-padded splint is generally prescribed,
in the early stages, for functional mobility (SOR-C).?° Sitting
should be started soon after injury, since it is important to help
prevent deformities (SOR-C).?°



202 D.R.FELDMAN et al.

FIGURE 9.6. Wheelchair basketball athletes. Courtesy U.S. Paralympic
Committee.

Another complication in the SCI population is heterotopic
ossification (HO): formation of bone in ectopic sites. This can
be devastating with severe activity limitations in 8-10%.%3 The
reported incidence of HO in paraplegic patients is close to 30%.%*
HO typically develops within the first 2 months after SCL > and
most frequently occurs at the hips.?® Other possible sites include
the knees, shoulders, and elbows.?® The etiology of heterotopic
ossification is unknown, although risk factors include complete
SCI, older age at time of injury, spasticity, pressure ulcers, and
other injuries.?%?” HO can continue for more than 6 months, at
which time the bone matures.

Symptoms include local swelling with progression to diffuse
edema, limited range of motion, and an elevated serum alkaline
phosphatase which usually returns to normal or near-normal
levels with maturation (SOR-B).2¢28 There is a low incidence of
permanent disability from HO.?¢ Radiographic evaluation is help-
ful in the mature phase, while bone scan can identify HO at earlier
stages of development (SOR-B)? (see Fig. 9.1).
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Treatment focuses on halting progression of ossification and
maintaining range of motion and function. Etidronate, a bisphos-
phonate, is the first-line treatment to prevent further ossification
(SOR-B).?3?¢ Gentle range-of-motion exercises and radiation ther-
apy are also part of the treatment algorithm. Although radiation
therapy is effective, it is not used as frequently (SOR-C).27:?°

Surgical resection is considered when there is severe restric-
tion of joint range of motion and after maturation has occurred
(SOR-B).2° HO can recur after surgical resection. To prevent recur-
rence of HO postoperatively, etidronate, anti-inflammatory agents,
radiation therapy, and range-of-motion exercises are incorporated
in the treatment plan (SOR-B).26:%7

SUMMARY

With the rapidly growing number of disabled athletes, it is impor-
tant that the physician fully understand the medical, functional,
psychological, and social needs of this population.

Despite the risk for musculoskeletal athletic injuries, there is
evidence that supports participation in sporting activities for the
disabled population. Athletic involvement has been associated
with numerous systemic and mental health benefits that are far
more important than the risk of injury.

In our case, FM developed right hip heterotopic ossification,
a common and often debilitating complication of SCI. FM was
treated with etidronate, a bisphosphonate, and gentle range-of-
motion exercises. The goal of this intervention was to reduce
ectopic bone formation and preserve hip mobility. After treatment,
FM returned to all previous sporting activities.
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Chapter 10
Functional Therapeutic
and Core Strengthening

Gerard A. Malanga and Steve M. Aydin

CLINICAL PEARLS

e Core strengthening is a major part of training programs in
athletes as well as patients.

e The kinetic chain theory is a major component of understanding
how the core connects and influences movements in the rest of
the body.

e Core training program participation should be done with
proper evaluation of balance, strength, flexibility, and correc-
tions of difference for optimal benefit.

e Neural systems and proprioceptive feedback play a major role
when developing and training the core musculature.

e The long-term benefits of maintaining a strong and endured
core have shown to provide optimal athletic functions in sports
and decreased dysfunction in patients with low-back pain.

CLINICALVIGNETTE

A 22-year-old male, who is an avid runner, presents with a 1-year
history of low-back, left buttock, and lateral thigh pain. The pain
began insidiously and has gotten progressively worse with time
and activity. On presentation, the magnetic resonance imaging
(MRI) of the patient’s lumbar spine demonstrated only a disk
bulge at L5/S1, whereas X-rays and MRI of the hip were entirely
normal. A bone scan and electrodiagnostic studies were also nor-
mal. An injection was administered after a diagnosis of greater
trochanteric bursitis, with only transient benefit. A diagnosis of
sacroiliac (SI) joint dysfunction was determined as well, which
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was treated with ultrasound, manipulation, and a fluoroscopically
guided injection to the left SI joint, with minimal benefit. Another
physician diagnosed him with piriformis syndrome, which was
treated with a trigger point injection and then Botox injection,
without lasting benefit.

His past medical history was otherwise unremarkable. The ath-
lete occasionally uses nonsteroidal anti-inflammatory drugs, such
as ibuprofen, with minimal benefit. He continues to run 23 miles
per day, although with the continued symptoms of pain in the left
lower back, buttock, and lateral thigh.

On physical examination, he is thin and is a healthy appearing
male. The lumbar spine has a mild decrease in lordosis with full
pain-free flexion and extension with a mild decrease in segmen-
tal motion on the left. His neurological exam is unremarkable.
Straight leg raise was negative bilaterally, but a mildly positive
Patrick’s test was demonstrated on the left. On flexibility testing,
he had mildly tight hamstrings and very tight quadriceps muscles,
left greater than right. He tested bilaterally positive on Ober’s test
for iliotibial band tightness, left worse than right. Gait was visually
observed and was noted to have increased pronation of the foot
on the left greater than right. The leg length, measured by reset-
ting the pelvis and observing the ankles and anterior superior iliac
spine levels, showed the left leg to be shorter than the right one.

With functional testing of the patient, the lateral and prone
bridges all demonstrated weakness of core muscles with the loss of
lumbar support by the patient. Muscle testing of the hip abductors
on the left revealed relative weakness.

The patient was evaluated to enter into a comprehensive core
strengthening program to improve core strength and improve pain
and function.

INTRODUCTION

Core strengthening is now recognized as an integral part of reha-
bilitation in athletes and an important part of their training pro-
grams. The core acts as the stabilizer of the spine and trunk, the
generator of power when initiating movement of the limbs, and
a point of transition of forces from the lower limbs to the upper
limbs, and vice versa, via the abdomen and spine.

When this system becomes altered by injury, the smooth tran-
sition of forces that are generated by the limbs and trunk, i.e., the
kinetic chain of motion, becomes disrupted. The kinetic chain
theory stresses the importance of the core strength.!

In this chapter, we will review the anatomy of the core, the
properties of the core, and the contribution on the kinetic chain,
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evaluating the strength and endurance of the core and training for
the core at different levels.

ANATOMY

The core is often described as a box: a matrix of bones, ligaments,
muscles, and nerves in a three-dimensional arrangement. This
arrangement of anatomy is what makes the core so functional in
providing stability to the spine and in energy transfers. To under-
stand the makeup of the core muscles, it can be imagined as a
cube, a three-dimensional layering of tissue, which allows motion
in multiple planes.

The core is composed of a floor, a ceiling, front, back, and
sides, as shown in Fig. 10.1. The superior aspect or ceiling of
the core is made by the diaphragm. The floor is composed of
the pelvic floor. The anterior portion of the core is made up by
the abdominal muscles, while the posterior aspect is composed
of the paraspinals and thoracolumbar fascia. The lateral potions
are composed of the lateral hip girdle musculature, and external/
internal obliques.??

The arrangement of the muscles and tissue of the core is done in
a layerlike fashion. These are the inner, middle, and outer layers of
the core. The outer layer is made up of the power muscles. The mid-
dle layer is made up of the abdominal and back-stabilizing muscles.
And finally, the inner most layer is comprised of the intersegmental
muscle and proprioceptive structures, such as the multifidi and
nerves* (Fig. 10.2).

ANTERIOR VIEW OF THE CUBE POSTERIOR VIEW OF THE CUBE
Ceiling Celling
Lateral
Core Medical Lateral
P .
Anterior Core core osterior Core e
“t\ Floor of the Core &\ Floor of the Core

Ficure 10.1. The core is often thought of as a box; however, it is a three-
dimensional structure and resembles a cube or sphere. Viewing it as a cube,
with each side contributing a function, while overlapping with one another
(like in a sphere), helps in understanding its function and purpose.
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FIGURE 10.2. The core is arranged in a spherical manner with a complex
arrangement of tissues. The three layers that make it up are the outer,
middle, and inner. Each one contributes a specific function to the core’s
action. The outer layer functions in the way of producing muscular power.
The middle layer uses its muscles and tissues to stabilize the core. And the
inner layer functions in providing neural feedback to the body.

TABLE 10.1. The different muscle layers for the anterior, posterior core,
lateral borders, floor, and ceiling

Anterior core muscles Lateral core muscles

Rectus abdominus Gluteus maximus

Transverse abdominus Gluteus minimus

External obliques Gluteus medius

Internal obliques Transverse abdominus

Posterior core muscles External obliques

Erector spinae group Internal obliques

Tliopsoas Floor and ceiling muscles of the core
Quadratus lumborum Diaphragm acting as the ceiling
Multifidi Pelvic diaphragm acting as the floor

Thoracolumbar fascia

Looking at the core as a cube simplifies its complexity. All the
borders described are connected to one another and overlap. They
all function together as one unit in body mechanics to allow transi-
tion of forces and stability (Fig. 10.2).

The anterior core is made up mainly of the rectus abdominis,
transverse abdominis, external oblique, and internal oblique, as
well as their apeneroursis (Table 10.1 and Fig. 10.3a). These mus-
cles also act upon the hip and pelvis region. The rectus abdominis
originates on the pubis of the pelvis, and inserts onto the cartilage
of the xiphiod, fifth, sixth, and seventh ribs. It allows flexion of the
lumbar spine, straightens the pelvis, maintains intra-abdominal
pressure, and assists in expiration. The transverse abdominis orig-
inates on the posterior-lateral portions of the deep thoracolumbar
fascia, anterior iliac spine, and iliac crest. It inserts on the inner
surface of the 7th to 12th ribs, the rectus sheath, and linea alba.
It functions to bend the trunk unilaterally to the same side of con-
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traction, and rotation to the opposite side. With bilateral contrac-
tion, it assists in flexion of the trunk and lumbar spine, increase
in intra-abdominal pressure, and expiration. The external oblique
originates on the surfaces of ribs 5 to 12 and inserts on the iliac
crest and anterior rectus sheath. When it contracts unilaterally, it
causes bending of the trunk to the ipsilateral side of contraction
and rotation to the opposite side. With bilateral activation of the
external oblique, flexion of the trunk, increase in intra-abdominal
pressure, and straightening of the pelvis occur. The internal
oblique allows the same motion and increase in intra-abdominal
pressure as the external oblique. It originates from the thoraco-
lumbar fascia, iliac crest, and anterior superior iliac spine and
inserts on the lower borders of ribs 10 to 12, the linea alba, and

Rectus Abdominis

Peraspinal Museles

Gluteus Medius

Gluteus Maximus

FIGURE 10.3. (A) The anterior abdomen and core muscles. (B) The poste-
rior aspect of the torso and muscles.
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rectus sheath. It is noteworthy that all the origins and insertions
have connections to the hip, pelvis, and lumbar spine.>?

The posterior portion of the core consists of the erector spinea,
iliopsoas, quatradus lumborum, multifidi muscles, and the thora-
columbar fascia. The erector spinea originate at the sacrum, iliac
crest, lumbar spinous process, and lumbar transverse process
(Table 10.1 and Fig. 10.3b) and insert onto the 2nd to 12th ribs
and thoracic vertebral transverse processes. During bilateral con-
traction, the erector spinea causes the lumbar spine to extend and
bend laterally to the ipsilateral side. The iliopsoas originates on
the lateral surfaces of the vertebrae (T12, L14), intervetebral disks,
and iliac fossa. It inserts on the lesser trochanter of the femur. The
iliopsoas will cause hip flexion and internal rotation at the hip
and also tilts the pelvis anteriorly exaggerating lumbar lordosis.
Quatratus lumborum originates from the iliac crest and inserts on
the 12th rib and L1 to L4 vertebrae. It has three poles: superior,
longitudinal, and inferior. The inferior pole is functional in the
core musculature, while the superior and middle poles function
more with respiration. When the quatratus lumborum unilaterally
contracts, it causes the trunk to bend to the ipsilateral side, and
when it bilaterally contracts it provides the ability to bear down
and increase intra-abdominal pressure.? The multifidi originate on
the transverse process and then insert superiorly on the spinous
process. They function in segmental motion of the lumbar verte-
brae and allow extension with bilateral contraction. When they
unilaterally contract, they cause flexion, side-bending to the same
side, and rotation to the opposite side.>*>°

The lateral borders of the core are composed of the gluteal mus-
cles and overlap from the previously discussed muscles; obliques,
thoracolumbar fascia, and transverse abdominis. The glueteal mus-
cles consist of the maximus, medius, and minimus (Table 10.1 and
Fig. 10.3). The gluteal maximus originates from the dorsal surface
of the sacrum and posterior iliac crest, and then inserts on the
iliotibial band and gluteal tuberosity of the femur. The motion it
primarily contributes to is extension of the hip, with lateral rotation.
The gluteus maximus also allows the extension of the trunk from
a flexed position. The gluteus medius and minimus both originate
from the ilium and insert on the greater trochanter of the femur.
The primary motion they allow is hip abduction. The gluteal muscle
group as a whole also has an important role in dynamic stabiliza-
tion of the hip, pelvis, and trunk during motion.>>>

The thoracolumbar fascia is a retinacular strap that acts as a
girdle around the abdomen, consisting of three layers (Fig. 10.3).
All three layers — anterior, middle and posterior — function to main-
tain stability in the spine and trunk while preventing unwanted
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motion during movements. The anterior and middle potions
are those most intimately connected to the iliopsoas, quatratus
lumborum, and intrinsic back muscles such as the multifidi. The
posterior layer of the thoracolumbar fascia is the most superficial
layer. It has a distinct property of covering the back with a tense
tissue that is pulled laterally by abdominal muscles. The transverse
abdominis has connections to primarily the posterior layer and to
the middle layer of the thoracolumbar fascia. This is instrumental
in causing a tensing of the fascia, removing the slack, and providing
stability (Fig. 10.4).235

FIGURE 10.4. The thoracolumbar fascia is a crucial component of the core.
It is connected to many muscles and, when they contract, it is pulled tight
like a girdle and provides stability. The transverse abdominis muscle is
one of the major players in pulling the thoracolumbar fascia tight during
contraction. The arrows indicate the manner in which the fascia is pulled
during a contraction.
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FIGURE 10.5. The pelvic floor and diaphragm are major components in the
core and help in providing and maintaining an intra-abdominal pressure
during movements. The floor of the core is made up of the pelvic dia-
phragm muscles. The roof of the core is made up of the diaphragm.

The diaphragm serves as the roof of the core and increases
the intra-abdominal pressure by descending. The pelvic floor acts
as the base of the core and aids in increasing intra-abdominal
pressure by contracting and ascending. The pelvic floor and dia-
phragm primarily work in co-contraction with the rest of the trunk
muscles (Table 10.1 and Fig. 10.5). When a contraction occurs, an
increase in abdominal pressure occurs, which, in turn, causes the
lumbar spine to stabilize and reduces unwanted movement.?3>-8

The muscles and tissues described above function by contrac-
tions from neuronal firing patterns which result in stabilization,
increase in intra-abdominal pressure, and energy transfer. In trying
to understand the core, the body’s neuron-muscular system has to
be looked at as one functioning unit® (SOR-C).

MECHANISM OF THE CORE AND THE KINETIC CHAIN

To understand the core and its function, the body should be viewed
as having an inherent connection among all the different layers of
muscles, fascia, and other connective tissue. The patterns of the
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muscle contractions allow movement. The motion of an extremity
in a plane of space occurs freely at the distal portions from the
trunk, while its proximal attachment to the core provides a point of
anchor. In most cases, this anchoring is the proximal muscles of
the lower or upper extremity anchored to the trunk, or muscles
of the trunk attached to the spine. This coupling of musculature
of the limbs and trunk allows the body to function as a unit. The
resultant motions influence other distal or proximal portions of
the body. The motions are generated from forces of contractions
within the muscles, which then disperse energy distally and proxi-
mally. The spine, hip, pelvis, and trunk are the areas of transition
of this energy, force, and motion (Fig. 10.6). Therefore, when a
force is generated in the lower extremity, it transmits the force to
the trunk, providing stability by securing its position proximally.
Furthermore, studies have shown that the generation of force in
the extremities is preceded by contraction of the core muscles for
stability of the trunk and spine and, as described, the transition of
forces from limb to trunk and trunk to limb.%!°

The kinetic chain theory, also known as the link theory, explains this
connection of musculoskeletal motion in the extremities and trunk.

FIGURE 10.6. The kinetic chain theory can often be applied to sports that
involve explosive motions. In this example of kicking a soccer ball, the
power to kick the ball will often develop in the upper extremities, and
transmit downward to the leg during the follow-through. The core con-
tracts prior to all these motions, and stabilizes the body to allow for a fluid
transition of the upper body momentum to the lower body. When kicking
through the ball, the force generated comes from both the upper body and
lower extremity. When the core is functional and intact, the maximal force
from these two sources can be achieved.



216 G.A. MALANGA AND S.M. AYDIN

The definition of the kinetic chain, as described in the literature, is the
significant interrelationship of muscle activation and translation of
forces within the musculoskeletal system.!!

The core muscles are thought to be the generators of all initial
motion by contracting prior to limb movement, while also allowing
forces to transmit from one limb to another by stabilizing the spine
and abdomen. This coupling of functions makes the core the center
of the kinetic chain. An example of the connections of motion is
seen when the end point is the upper limb and the starting point is
the lower extremity. In the case of a pitcher throwing a fast ball, the
core allows the force to be transmitted from the lower extremity to
the upper extremity. When the lower limbs contract in the early part
of a pitcher’s motion, power is generated in the lower limbs. Prior to
start of the pitching stride, the abdominal muscles and back muscles
contract, to provide stability. As the pitcher steps forward through
his stride, the forces are transferred from the lower limbs though the
stabilized core, and up into the upper extremity where the follow-
through is made with the upper extremity and the ball is thrown
(Fig. 10.7). In an ideal system, there are no weak points of break-
down where the forces can be lost because of instability or weakness.
When an interruption in this chain occurs, motion and forces do not
transmit correctly and compensation is attempted by other muscle
groups; to generate the same amount of power to throw a fast ball in
an athlete with a weak core will involve straining of other muscles.
As a result, a weak core places a person at greater risk of injury,
misalignment, and submaximal performance.*%10.12.13

FIGURE 10.7. In the case of a baseball pitcher, the kinetic chain functions
similarly to that of a soccer player; however, the forces develop in the lower
extremities initially, and then transmits upward to the upper extremities.
The core once again contracts, stabilizes, and allows for an efficient throw.
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To understand this, it is important to see how patterns of
motion are interrupted in patients with extremity pain and low-
back pain. These injuries can result in decreased postural control
and proprioception of the core, kinetic chain, and limbs. It has
been shown that athletes with lower extremity instability, (i.e.,
ankle or knee), have a delayed firing pattern of gluteus medius,
which functions in hip abduction and posterior-lateral trunk sta-
bility, and the anterior abdominal muscles.!*!* When the core or
limbs have a dysfunction present, it is considered an interruption
of the kinetic chain. The effect of breakdown in the chain results
in abnormal and delayed muscle firing patterns, poor neuronal
feedback, and poor proprioception. This, in turn, causes increased
instability in the spine and other joints.*% 101415

The core is not only responsible for generating force; it func-
tions to providing stability to the spine and other joints. This is
important because joints require control from muscles and prop-
rioceptive feedback from neurons to allow optimal function. The
early development of arthritis or joint dysfunction often results
from misalignment, unwanted motion, and high shearing ten-
sions. A strong core with sufficient endurance results in spinal
stability, and control of motion can be gained*°(SOR-B).

The deep muscles of the back, such as the multifidi, are the
intersegmental muscles that allow vertebral control, whereas the
abdominal muscle, diaphragm, and pelvic floor have the role of
increasing intra-abdominal pressure. When the abdominal mus-
cles contract, they increase intra-abdominal pressure, which then
causes tension in the spine and thoracolumbar fascia, reducing
laxity in the spine.”®!®!7 This is analogous to inflating a tire. As
air is added to the tire, the walls develop tension, prevent the tire
from sagging, and allow it to roll firmly.

There is a built-in neuronal protection system within the core
which helps in controlling the patterns of firing muscles in plan-
ning a motion and maintains proprioceptive feedback of the body’s
position. Prior to contraction of limb movement, the core prepares
itself for gross motor function of the limb. This is done by the
contraction, primarily, of the transverse abdominis muscle and
multifidi.o!!

The transverse abdominis muscle has been shown to contract
prior to the muscles of limb movement. The internal oblique,
external oblique, and transverse abdominis all co-contract and
increase the intra-abdominal pressure, allowing the tension
to increase within the abdomen, tensing the thoracolumbar fas-
cia, and imparting stability onto the lumbar spine.* This tension
in the trunk also prepares the body for generation of power from



218 G.A. MALANGA AND S.M. AYDIN

the core, which will eventually be translated to a limb. When the
core lacks strength or endurance for generating power, it can result
in decreased efficiency of motion and power and in injury. The
dysfunction present causes an interruption in the contraction pat-
tern of the kinetic chain; the feedback via the nervous system func-
tions inappropriately, resulting in compensatory muscle firing.'?

For example, when low-back pain is present, the multifidi and
transverse abdominis are inhibited. During muscle contraction of
the lower extremity, the transverse abdominis is the first to contract
in normal individuals. This prevents unwanted trunk movement,
and allows the transition of energy/force in the pattern of the kinetic
chain, as described previously. With low-back pain, a delayed activa-
tion of the transverse abdominis contraction is noted on electromy-
ography evaluation, relative to the limb activation.!!°

A strong, balanced, and high endurance core is not only
important in the kinetic chain but is also essential in providing
stability to the spine, hip, pelvis, and sacrum. When conditioned
with strength, and more importantly endurance, the motion in
the spine is controlled, and occurs in a fluid manner preventing
increased shear. When segmental or micromotion is controlled, it
allows more explosive muscle force generation from the core and
transmission of forces smoothly from the core to the limbs.

For a more comprehensive discussion of the kinetic chain,
refer to Chap. 3 of this text.

ASSESSING THE CORE MUSCULATURE

As previously discussed, the core is the center of the kinetic chain
and allows the generation and transmission of forces for optimal
movement and function. Many athletes who have been injured
or have complaints of low-back pain are likely to have deficiency
of their core, which may be a contributing factor. Therefore, the
comprehensive evaluation of the athletes should include assessing
the strength and endurance of the core’ (SOR-C).

Proper balance is important before initiating a program to
strengthen the core. The evaluation includes the assessment of leg
lengths, range of motions, flexibility, tight muscles groups, and
muscle bulk. When imbalance is present, dysfunction and damage
often occur on the weaker side.”?12

Examination of the lumbar spine, range of motion of the joints,
stability and laxity of joint, posture, gait, and flexibility is also an
important part of the full assessment of the athlete. When evaluating
for balance, range of motion testing, both actively and passively,
should be done, comparing sides. This will allow the person to focus
on stretching those muscles that are inflexible. The lumbar spine
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should also be evaluated for range of motion in functional planes
of flexion, extension, side-bending, and rotation. Observation and
palpation of the spine should be done to assess anatomical alignment
and deformity. When the spine is assessed, it should be evaluated in
the neutral spine position, which is the position of minimal load-
ing on the spinal joints. The major component being looked at
throughout the evaluation is clinical instability, which is defined as
the loss of the ability to maintain normal anatomical positions.?

When an athlete is being evaluated, the neutral spine should be
maintained. The neutral spine is often thought to be the positioning
of the lumbar spine to a point of the loss of lordosis, or a flat back.
With regard to core strengthening, the neutral spine should be
thought of as the point of pain-free position where maximal power
can be obtained and balance can be preserved. It should also be
understood that this is the position in which training should occur.
Furthermore, the maintenance of the neutral spine is important in
day-to-day functions. It allows the muscles to train and develop
without increasing load, shear, and damage on the spine and
other joints. When training is complete, the stabilizers should be
strengthened with high endurance and full range, allowing control
in all planes which may not occur in the neutral position of the
spine. The eventual goal is to improve strength, endurance, bal-
ance, and the neuronal output of the trunk and limbs while main-
taining a neutral spine position.*

Screening examinations can be used to assess joint flexibility,
range of motion, and stability (Table 10.2)

TABLE 10.2. Tests for screening stability and flexibility

® Hamstring screens — supine position while raising leg to 90°, while
preventing pelvic tilt. Compare to contralateral side.

® Rotation screen — evaluates abdominal and lumbar rotators. Sit in
“Indian style” position, with arms over chest, and rotate side to side.

® Hurdle step screen - evaluates hip flexors. Maintain a cross bar behind
shoulders, while stepping over a hurdle of about 2 ft high, once leading
with the left and then the right.

® Narrow lunge screen — assesses the hamstrings, quadriceps, pelvic
muscle, and gluteal groups. Perform by walking a plank, and then
alternating squats with the left leading then right, while having a cross
bar behind shoulders.

® Deep squat screen — evaluates hip flexors and extensors, the lumbar
spine, and abdominal muscles. Done by holding a cross bar above the
head, feet in a line, and squatting down then back up, while maintain-
ing static lumbar positioning.
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FiGURE 10.8. Flexibility and mobility screens — the hamstrings test.

e The hamstrings can be looked at, with the athlete in the supine
position elevating the leg to 80°-90° of flexion at the hip, without
introducing pelvic tilt, and comparing bilaterally (Fig. 10.8).

e To evaluate the abdominal and lumbar rotators, a seated-rotation
position can be utilized. The athlete sits in the “Indian style” posi-
tion, arms crossed over chest, and rotates left to right. The rota-
tion is compared side to side looking for asymmetry (Fig. 10.9).
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FiGURE 10.10. Flexibility and mobility screens — hurdle step test.

e The hurdle step evaluates the hip flexors and core muscles by
maintaining a cross bar behind the shoulders while stepping
over a hurdle of about 2 ft high, alternately leading with the left
and then the right. Observations of balance control and posture
should be noted during the process (Fig. 10.10).

e The narrow lunge is used to assess the hamstrings, quadriceps,
pelvic muscle, and gluteal groups. It is performed by walking a
plank, and then alternating squats with the left leading the right,
while having a cross bar behind the shoulders. Observations to
balance control and posture should be noted during the process
(Fig. 10.11).



222 G.A. MALANGA AND S.M. AYDIN

FIGURE 10.12. Flexibility and mobility screens — deep squat test.

e The deep squat is used to evaluate hip flexors and extensors,
the lumbar spine, and abdominal muscles. It is done by holding
a cross bar above the head, feet in a line, squatting down, and
then back up. Evaluators should pay special attention to main-
tenance of a neutral spine, balance control, and posture*”812
(SOR-B) (Fig. 10.12).

After evaluation of balance, the next component to be assessed
is endurance. Strength in the absence of endurance of core mus-
cles is insufficient for most sports. This is due to the fact that
endurance of muscles in the core allows extended periods of sta-
bility. Since the core is recruited prior to most limb movements
to brace the body for action, maintaining contraction during the
course of the limb movement is done for stability. Various position
testing can be done to assess the endurance by seeing how long the
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athlete can maintain that position. The four major tests done to
evaluate the core’s endurance are the prone bridge, lateral bridge,
torso flexor, and torso extensor endurance tests?! (Table 10.3).

The prone bridge is done by having the patient lying prone, with
forearms and toes on the floor, assessing the anterior and posterior
core muscles (Fig. 10.13). The pelvis should be in a neutral position.
Failure of the test is when the pelvis moves from a neutral posi-
tion and falls into a lordotic position, where the pelvis will rotate
anteriorly. If there is a lack of endurance to hold the position, then
start with the knees in a bent position, rather than with the knee in
extension and resting on the toes, reducing the lever arm. Further
assessment of the prone bridge can be done with weights positioned
on the back, or the forearms can move more cranially.*781222

The lateral bridge assesses the lateral core muscles (Fig. 10.14).
The position assesses the abdominal obliques, limiting the psoas
participation. Failure occurs when there is a loss of a straight pos-
ture and the hip tilts toward the table. An advanced exercise can
be done with abducting the upper arm and adding slight rotational
movements while holding the position.'?

Testing the torso flexors can be done by timing how long the
patient can hold a position of seated torso flexion (Fig. 10.15). Flex
the torso to 60° and the knee/hips flexed to 90°. The toes should be
secured under a toe strap or held by the examiner. Failure occurs
when the patient’s torso falls below 60° of flexion.

TaBLE 10.3. Core assessment exercises

® Prone bridge — assesses the anterior and posterior core muscles

® Lateral bridge - assesses the lateral musculature of the core

® Torso flexion - tests the anterior core primarily, and also assesses the
posterior core

® Torso extension — mainly tests the posterior core muscles, as well as
the anterior core

FIGURE 10.13. The prone bridge for core assessment.
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FIGURE 10.14. The lateral bridge for core assessment. This is also known as
the Side Bridge, which is part of the “Big 3” exercise program.*

FiGURE 10.15. The torso flexion test for core assessment. The is also known
as the Curl-up, which is part of the “Big 3” exercise program.*

Testing the torso extensors can be done with the athlete in the
prone position, while the hip, pelvis, and knees are secured on to
a platform or table (Fig. 10.16). The upper body will be held out
straight, without the support of the table, at 180°. This demon-
strates recruitment of the extensors to a neutral position, while
not pass pointing and placing the entire spine into hyperextension.
Failure occurs when the 180° posture without the table support is
lost and the athlete falls into a flexed position.'?

The time for maintaining position as described previously
should be around 60 s before fatigue is noted and maintenance of
the testing posture is lost.!?

To restore balance, especially in tight muscles groups, the focus
should be on restoring the flexibility in the dysfunctional group.
This can be done with foam roll exercises, mobility exercises,
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FIGURE 10.16. The torso extension test for core assessment.

contraction-relaxation techniques, active release therapy, and
joint mobilization techniques. Each of the positions described has
a standardized time to determine whether the muscle group being
tested has a functional level of endurance. Reaching those points
of time in position with a neutral spine is the goal. The bridge
positions along with the torso positions can be the foundation on
developing a core strengthening program*'?> (SOR-B).

By evaluating an individual in all four positions and determining
the endurance, one can get a general idea about what shape he or she
is in. Once the asymmetries are corrected, the person can enter into
a progressive training program, based on his or her capabilities.

EXERCISE PROGRAMS FOR CORE STRENGTHENING

AND ENDURANCE

After a person has been assessed and deemed safe to participate
in an exercise program, the focus should be on correcting imbal-
ances. The goal of the program is to increase strength, endurance,
and neuronal output and to normalize the function of the core. The
program should also be individualized for each patient. The goals
and level of participation of a patient with low-back pain will differ
from those of an athlete training for a sport. At the beginner level,
there should be a focus on activating the transverse abdominis and
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multifidi while maintaining a neutral spine. This involves using
techniques of recruiting these muscles into the functions of daily
motions. This has been termed development of core awareness.
A person moves to the intermediate level of training when he or
she can maintain a neutral spinal position during simple tasks. At
the intermediate level, the goal is to maintain spinal stabilization
while increasing challenges to the core musculature. To reach an
advanced level of training requires the same ability to maintain
spinal control, however, with higher complexities of motions and
activities. This includes maintaining trunk control on unsteady
surfaces and during plyometric activity'??! (Table 10.4).

A general core strengthening program should not begin in
the first hour of awakening (SOR-B). This is due to the increased
hydrostatic pressure in the interverterbral disks.* A warm-up can
begin with the cat and camel positions. The cat-camel is a range-
of-motion exercise that mobilizes the spine by flexion of the spine
prior to reaching end point, and then an extension of the spine
without reaching end point of motion (Fig. 10.17). This can then
be followed by pelvic translation exercises: iliopsoas stretches,
piriformis stretches, and hamstring stretches. These will mobilize
the point of transition of the kinetic chain and range the joints in

TABLE 10.4. Levels of core strengthening training

® Beginner level - focuses on the transverse abdominis training and
recruitment, intrasegmental spinal motion, and training to maintain
a neutral spine.

® Intermediate level — at this level the person can maintain a neutral spine
during program, and can introduce more core strengthening challenges

® Advance level — maintenance of spinal control, while performing more
complex exercises on unstable surfaces, with plyometrics

FiGURE 10.17. The Cat—Camel stretch. This exercise is often done at the
start of a program to allow for segmental motion in the spine and core.
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the pelvis, sacrum, hip, and spine. A short aerobic program can
then be incorporated into the core program, during the warm-up
portion.!2?!

The type of training varies from the beginner to the advanced;
however, each includes a warm-up stage followed by three stages
to be completed during a session (Table 10.5). Stage 1 focuses on
motor firing patterns and the muscle motor relearning/plotting
patterns for neural feedback. The athlete also focuses on muscle
recruitment of specific muscle groups with verbal cuing.!??!

Stage 2 stresses stabilization exercises that are done from a
beginner to an advanced level. This is known as the “Big 3”: curl-
ups (Fig. 10.15), side bridge (Fig. 10.14), and bird-dog exercise
(Fig. 10.18). Curl-up exercises are done in the supine position, in
a neutral spine position, with the knees bent, flexioning at the hips
and bringing the contralateral shoulder to the knee. The side bridges
are the same as those described when used to assess the core. And
the bird-dog position is performed in the same position as the cat—
camel, while having one arm and leg outstretched in a reaching
position, and one knee flexed and contacting the floor and the other
arm supporting the body while contacting the floor. The positions
are held for a period of several seconds, maintaining neutral spine,
and then alternating with the other leg and arm.!??!

TABLE 10.5. Stages of exercise program for all levels

Stage one - focuses on motor patterns, muscle learning patterns, and
neural feedback. Cueing for proper technique is done during this portion
of the workout

Stage two — works on the exercises done in the program to strengthen.
Commonly the “Big 3” exercises are done (see Table 10.6). The Big 3 are
used at all levels of training (beginner to advanced) but will have variations
in technique

Stage three — addresses the application of the movements and strengthen-
ing learned into functional states like walking, running, or daily activities

FiGure 10.18. The Bird-Dog exercise, part of the “Big 3” exercise program.*
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Stage 3 addresses the functional progression of the exercises
and works on exercises which are conducted in standing, walking,
and sitting positions. The progression to this stage results in an
increase of compressive loads on the lumbar spine.!??!

The abdominal exercises in core strengthening programs can
be stressful to the lumbar spine if performed incorrectly. This is
why the neutral spine must be maintained during early training,
to allow the development of control and endurance for future
stabilization of the spine (SOR-B). Improper technique will result
in loading forces distributed asymmetrically, placing a person at
an increased risk for pain and dysfunction at a joint or point of
motion.!>?!

Another focus during core exercising is on co-contraction, spe-
cifically the pelvic floor with the transverse abdominis. Diaphragm
breathing is also an important part of this system. These allow
increasing the intra-abdominal pressure. This results in the box
pressure increasing like a balloon, stretching and tightening the
muscles that are part of the core.'??!

The “Big 3” exercises are curl-ups (for the rectus abdominis),
side bridge exercise (for the obliques), and leg/arm extensions (for
the back extensors) (Table 10.6). The rectus abdominis is the most
active during the initial elevation of the head, neck, and shoulders,
while maintaining neutral position of the spine. Side bridge exer-
cises are for the obliques, transverse abdominis, latissimus, and
quadratus lumborum. The third exercise is leg and arm extension,
which is done in a hands-and-knees position, eventually leading to
the bird-dog exercise for the back extensors.!>?!

The basic exercise strengthening program starts on a flat
surface, with eventual progression to positions in functional posi-
tions. The participant moves from a stable ground environment
to a progressively less stable environment while increasing the
complexity of movements.’-10:12.21

Achieving functional participation involves getting to a pro-
gram of exercises in all planes: sagittal plane, frontal plane,
transverse/rotational plane. There is also the need to incorporate
strengthening, endurance, balance, and proprioceptive training

TABLE 10.6. The “Big 3” exercises

® Curl-ups - strengthens the rectus abdominis and anterior core muscles

® Side bridges - strengthens the internal/external obliques, transverse
abdominis, quatratus lumborum, and the lateral core

® Bird-dogs - strengthens the back extensors, transverse abdominis, and
posterior core muscles
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into the programs. It has been shown that muscle fatigue is
coupled with proprioceptive impairment. Using a balance board
in the program allows the development of neuronal feedback for
improved proprioceptive function. This helps with learning quick
unconscious motions, sharpens the body’s reaction to postural
shifts in its center of gravity, and helps with joint stabilization
during motion.”8

Ultimately, the athlete progresses to a program with plyomet-
rics. Plyometrics is an explosive use of energy through the kinetic
chain. This is where a strong and balanced core with endurance
is most important. Patterns should eventually be established for
postural awareness and control to engram motor programming
that is automatically patterned in the motor cortex, so that con-
scious effort is not necessary. Once engram motor programming
is established, the athlete no longer has to think about drawing in
and co-contracting various muscle groups, as they fire automati-
cally during activities.”'%122!

ROLE OF CORE STRENGTHENING

AND SPECIFIC MUSCLE GROUPS

Core strength plays a significant role in allowing activities of
ambulation, limb motions, and athletic motions. When there is a
breakdown in the kinetic chain, for example, when the center of
the chain is weak, there is the potential for injury to occur.

Core and hip extensors, primarily the gluteus maximus, play a
major role in stabilizing the pelvis during trunk rotation, or when
the center of gravity is grossly shifted. When there is asymmetry in
hip muscle strength or inflexibility is present, the athlete is at risk
for increased incidence of injury. When poor endurance is present,
there is often delayed firing in the hip extensors and abductors,
which has been theorized to have an increased report of lower
extremity injury and low-back pain. This can be attributed to the
interruption of neuronal firing patterns, which in turn results in
poor muscular control.!”

The hip abductors function in midstance to stabilize the pel-
vis, preventing downward inclination (Trendelenburg sign) during
single leg stance (gluteus medius/minimus). When hip abduction
weakness occurs, there is an increase in lateral trunk stabilizer
firing. Furthermore, when there is an anterior cruciate ligament
(ACL) dysfunction or ankle instability, the firing patterns of the hip
and core muscle become disrupted in their neuronal contraction
patterns, as shown in studies. In response to an ACL injury or knee
instability, the hip flexors and knee extensors do not function at opti-
mal contraction. This reduces the stress on the ACL and knee joint.
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This results in poor firing patterns on the ipsilateral side and a dis-
ruption in the kinetic chain.'> With regard to ankle injuries, it has
been shown that a pattern of increased firing of the hip muscles is
noted on the ipsilateral side of the ankle injury. Early recruitment
of hip muscles, coupled with ankle instability, also results in a
poor conduction of muscle firing and disrupts the kinetic chain.'*
In cases where distal extremity dysfunction develops, there is a
greater risk for developing proximal injury due to compensatory
mechanisms. A core strengthening program prevents injury by
improving dynamic control of the core and stabilization of motion
of the limbs through different planes.”

In treating patients and athletes with chronic low-back pain,
the program should focus on increasing the ability to stabilize
the spine, reaching a level in the program where the patient can
function without limitation from pain. Patients with low-back
pain have been shown to develop an abnormal pattern of muscle
contraction. The multifidi and transverse abdominis have been
shown not to function correctly when low-back pain is present.
During muscle contraction during anterior loading, the transverse
abdominis is activated, first preventing unwanted trunk movement
and then allowing the transition of energy and forces in a normal
pattern of the kinetic chain. However, patients with low-back pain
have demonstrated delayed activation of the transverse abdominis
relative to the limbs.o312.23

Core strengthening for low-back pain needs a focus on the
muscles associated with twisting motion and repetitive flexion/
extension motions. People with poor musculature control of the
trunk and hips are often at greater risk for developing low-back
pain due to abnormal or unstable transferences of forces when
motion is occurring. Correction of this can help with improving
function, allowing more stability for prevention of injury, and
improving quality of life by decreasing pain.®?3

There is also a major role for core strengthening in athletes and
the general public in promoting good health and preventing inju-
ries. It has been a part of strengthening programs in athletes for
years. Athletes generally progress through the first two stages over
a period of time and eventually reach the third stage. The third
stage then focuses on exercises for core strengthening in multiple
planes on uneven/unstable surfaces, progressing to plyometrics.
In athletes, greater explosive power is generated from the muscles
and in multiple planes. Power may explode through one limb and
needs to transfer motion through the core to other extremities. A
conditioned core will allow the athlete to function at a superior
level in balance, neuronal control, endurance, and strength.
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This will result in the optimal amount of force throughout
the kinetic chain while having a protective affect from future
injury.'?

CONCLUSION

In summary, the competitive athletic training program has become
molded to have elements of a core strengthening program in it. As
in the clinical vignette, it is evident that the athlete has deficien-
cies in his core, which have resulted in pain and a decreased level
in participation. On follow-up, after entering into a core training
program which was advanced to a plyometric level, he was pain-
free, more conditioned, and participating at a higher level than he
was previously to examination.
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Chapter | |
Manual Medicine of the
Hip and Pelvis

Charles W. Webb and Jayson Cannon

The important of injuries to the hip is too much overlooked. To the
Sports Physician it should be a subject of the deepest throught.

A.T. Still
CLINICAL PEARLS

® Do not forget to treat sacroiliac joint and the lumbar spine. The
supine direct articulatory technique for the lumbar spine is a
quick, easy, and very low risk treatment.

e The six muscle groups of the pelvis are the adductors, abductors,
external rotators, internal rotators, extensors, and flexors. Always look
for a restriction of motion as a potential cause for the discomfort.

e Somatic dysfunction is impaired or altered the function of
related components of the somatic (body framework) system:
skeletal, arthrodial, and myofascial structures; and related vas-
cular, lymphatic, and neural elements.

e Somatic dysfunction is found in areas where TART exists.
(TART: tissue texture changes, asymmetry, restriction in motion,
and tenderness)

e The minor motions, not the major motions, usually become
restricted when somatic dysfunction occurs.

CASE

A 25-year-old married woman, a recreational runner presents her-
self to the office with the chief complaint of right hip pain. The
pain has been present for 3 weeks, worse during her last run after
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FiGURE 11.1. Graphic depiction of the case pelvic findings.

slipping off a curb awkwardly. The pain gets worse with activity
and lightens during rest. She is currently training for a marathon.
Her last menstrual period was within the last month. She is not
pregnant and she uses oral contraception regularly. She is not taking
any other medications other than an occasional acetaminophen
or ibuprofen for headaches and menstrual pain. Her past medical
and surgical histories are negative, and she has never been preg-
nant. She has no known allergies. She denies tobacco use of any
kind, nor any illicit drugs. She admits to having an occasional
glass of wine, and she drinks coffee in the mornings.

Physical examination reveals stable vital signs. She has a posi-
tive Ober’s test on the right. Her popliteal angle is 140° bilaterally.
She has a positive modified Thomas test on the right as well as a
positive standing and seated flexion test on the right. She has mild
tenderness over her right greater trochanter as well as the right
sacroiliac (SI) joint. Her sacral sulcus is deep on the left, and the
inferior lateral angle (ILA) of the sacrum is shallow on the right.
She has good motion of the sacral base on the left, with none on
the right and minimal motion of the right ILA. She has decreased
internal and external rotation of the hip on the right compared
to the left. Patrick/FABER test is negative. Her piriformis muscle
is tight on the right with several noted tender points on both the
right piriformis and psoas (Fig. 11.1).

X-rays of the hip and pelvis are negative for evidence of fracture,
arthritis, and other boney abnormalities.
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INTRODUCTION

How do you approach this patient and many more that present
themselves to the sports clinic with hip pain? This is a very typical
patient seen in many sports medicine clinics. They are usually
athletes who are training for a specific event and have pushed
themselves to the point where even the most benign mechanism
of injury is enough to cause them to “fall off the edge” and have
an injury that necessitates a significant decrease in training. The
first step in evaluating a patient, with this type of presentation is
to have a thorough systematic examination process to ensure an
accurate pathoanatomic diagnosis. (SOR-C)

Hip pain/pelvis pain in the athlete can be from a multitude of
problems. These problems range from simple greater trochanteric
bursitis to fracture or abscess in the hip musculature (Table 11.1).1-8

The osteopathic and chiropractic philosophy embraces an
approach to wellness through knowledge of interrelationships of
structure and function, and a search for the cause of the patient’s
problems. When applied to addressing pain in the hip and pelvis,
one must use a global approach to narrow the differential. Foot
and lower extremity malalignment, joint restrictions, muscular
imbalances, leg length discrepancy, and sport specific mobility
abnormalities can all place abnormal loads on the hip and cause
pain. Once the provider is confident that the cause of the problem
is musculoskeletal, the search for dysfunction begins.!¢°

In order to quickly and accurately diagnose hip dysfunction,
the sports provider must understand the muscles and ligaments
of the hip and pelvis, the lymphatic drainage patterns of the leg,
the nerves of the lumbar and sacral plexi in addition to the sympa-
thetic innervations and associated reflexes.

TaBLE 11.1. Differential diagnosis for hip and pelvic pain

Visceral
Endometriosis
Pelvic inflammatory disease
Ovarian cysts
Pelvic vascular congestion
Myofascial pain syndrome
Irritable bowel syndrome
Nephrolithiasis (bacterial/viral/inflammatory)
Dysmenorrhea
Inguinal hernia
Femoral hernia

Somatic dysfunction
Rotated inominate

Continued
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TaBLE 11.1 Continued

Pubic shear
Sacral shear
Sacral torsion
Inominate shear
Lumbar segmental dysfunction
Muscle restriction (abductors, adductors, external rotators, internal
rotators, flexors, extensors)
Ligament sprains
Sacrotuberous
Sacrococcygeal
Sacrospinous
Ischiofemoral
Iliolumbar
Muscle strains and tendonosis
Piriformis
Psoas
Glutei
Hamstrings
Quadriceps
Adductors
Structural
Tliotibial band syndrome
Lumbago
Osteoarthritis
Stress fracture
Labral tear
Synovitis
Osteitis pubis
Snapping hip syndrome
Scoliosis
Spondylolithesis
Slipped capital epiphysis
Congenital short leg
Congenital asymmetry of the facets
Inflammatory arthritis
Apophyseal injury

FUNCTIONAL ANATOMY OF THE HIP AND PELVIS

The hip and pelvis are built for support and motion. Composed
of the largest bones and muscles in the body they are the founda-
tion for locomotion. The body’s center of gravity is located in the
pelvis, just anterior to the second sacral vertebra. Once the pro-
vider understands the anatomy of the hip and pelvis, it is easy to
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understand how dysfunction (decrease in motion) of the hip can
produce not only lower extremity pain, but also low back pain,
pelvic pain, and changes in the gait cycle that may lead to other
pain syndromes. 1011

Functional anatomy relationships of the hip and pelvis are
the key to determining the cause of the dysfunction and correct-
ing it. The inominates articulate with the sacrum via the sacro-
iliac joints. The pubic symphysis acts as an anterior static bar
providing stability to the pelvis during both ambulation and sit-
ting. Tension on the ligaments, which cross the SI joint, can cause
dysfunction in the leg. Patients with iliolumbar ligament strains
often present thinking they have an inguinal hernia; however, the
physical findings are not supportive. Somatic dysfunction of the
sacrum, inominates, and lubosacral junction are common causes
of hip and pelvic pain in active patients. In about 10% of patients
the sciatic nerve divides before entering the gluteal region and
the peroneal portion passes through the piriformis muscle; in
less than 1% it will pass superior to the piriformis muscles. The
piriformis muscle is found in the midpoint of a triangle made
between the posterior superior iliac spine (PSIS), the coccyx,
and the superior aspect of the greater trochanter (Fig. 11.2).
When the composite sciatic nerve is compressed secondary to
piriformis spasm, the superficial nerve bundles are mechanically
irritated and the resultant pain can radiate down the leg, usually
not below the knee. Pain from nerve root pressure usually radi-
ates below the knee.®11-13

The hip is the term for the composite of the inominate
bone, the head of the femur, and the acetabular joint. The
acetabulum of the inominate is composed of portions of the
ilium, ischium, and the pubic bone. The femur travels along
three axes in the hip joint. The transverse axis is where flexion
(130°) and extension (35°) occur. Abduction (55°) and adduc-
tion (35°) occur along the anteroposterior (AP) axis, and inter-
nal rotation (35°) and external rotation (45°) occur along he
longitudinal axis.

It is the minor motions, not the major motions that usually
become restricted when somatic dysfunction occurs, and it is the
compensations for these minor motion restrictions that become the
issue over a period of time. Posterior and anterior glide of the femo-
ral head in relation to internal and external rotation of the hip are
the minor motions. Flexion, extension, abduction, and adduction
are considered the major motions of the hip.!?14-16

As other chapters of this book focus on various treatments
of the pelvis and hip in regards to sports medicine and primary
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FIGURE 11.2. (A) Graphic depiction of the location of the piriformis muscle.
(B) Location of the piriformis tender points.

care, this chapter will focus on manual medicine techniques. The
use of manual therapy is an ancient healing form that has been
documented as early as 2,700 B.c.!” Osteopathic manipulation has
been part of the mainstream medical establishment since 1872
when A. T. Still, MD opened the first osteopathic medical school
in Kirksville, Missouri. In 1895 the first chiropractic school was
opened by David Palmer.
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MANIPULATION BASICS
Before we can discuss manual treatments, we must first under-
stand some basics about manipulations. Osteopathic and chi-
ropractic manipulations are forms of manual medicine that
stress the need for normal and symmetrical motion in the joints.
Osteopathic manipulations are done to enhance or restore motion
in a joint. Chiropractic manipulations are done to enhance or
restore alignment of the boney structures. By restoring motion
to a joint and homeostasis to the tissues we are allowing the
body to function in a more optimum state of health or well
being. Regardless of the theory utilized, the goals are the same,
to quickly return the athlete to the activity of choice safely. The
growth of manual medicine has been fueled by patient outcome.
The rise of modern-day manipulative medicine by osteopathic
physicians, chiropractors, and physical therapists has come
behind that of efficacy studies such as the RAND study by Dr. Paul
Shekelle, who said: “Spinal Manipulation is the most commonly
used conservative treatment for back pain supported by the most
research evidence of effectiveness in terms of early results and
long term effectiveness.”(SOR = B).!8

There are three general considerations that a provider must
understand before deploying manual medicine as a treatment
option: (1) One technique may treat more than one type of dys-
function; (2) More than one technique may be required to treat
a single type of dysfunction; and (3) All techniques work best
when applied to a specific diagnosis. The goals of treatment are
to enhance the movement of body fluids, modify somatosomatic,
viscerosomatic, and viscerosomatovisceral reflexes, provide main-
tenance treatment to irreversible conditions (osteoarthritis), and
to mobilize articular restrictions.

METHODS OF MANIPULATION

There are three distinct methods of manipulation: direct, indi-
rect, and combined. Direct is when the restrictive barrier is
engaged in one or more planes of motion normal to the articu-
lation so that the activating force applied may carry the dys-
functional component through the restrictive barrier. Indirect
is when the provider moves the dysfunctional component away
from the restrictive barrier (the direction that it wants to go) in
one or more planes of motion normal to the articulation. The
joint, structure, or tissue is moved to the point of balanced liga-
mentous tension or ease. Combined is a combination of direct
and indirect methods. This method is most useful in treating
myofascial tissues.
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ACTIVATING FORCES

There are various activating forces that are used in treating
somatic dysfunction. Many are beyond the scope of this text. If
further reading is desired, please refer to the references at the
end of this chapter. The activating forces discussed here will
be discussed in detail in the treatment section of this chapter.
Patient cooperation is an activating force that is required when
treating dysfunction with strain/counter strain (treatment of
tender points) and when using muscle energy. The patient is
instructed to move his/her body in specific directions involving
various planes of articulation to aid in the mobilizing of an area
of restriction. In muscle energy techniques, the activating force is
the patient’s contraction of muscles in a specific direction against
the physician’s counterforce. A physician guiding force is exerted
when the physician positions the patient away from the restric-
tive barrier to a point of release and then guides the tissue or
joint somatic dysfunction through various positions that move
with ease until the dysfunctional pathway has been completely
retraced. Springing is also known as the low velocity moderate
amplitude force: the provider makes contact upon the restrictive
barrier and with variable degrees of force, springs the structure
with intermittent pressures. High velocity low amplitude (HVLA)
is used only with direct methods: the restrictive barrier is properly
engaged to yield along one of the planes of a joint. A HVLA force
is applied to move the joint or tissues through the restrictive bar-
rier. An articulatory procedure is of a low velocity and low to a
high amplitude technique where a joint is carried through its full
range of motion.%!419-22

GOALS OF TREATMENT

The primary goal of treatment is to restore function to the tis-
sues. Hypo or hyper mobility of a joint leads to muscle imbalance,
altered movement, and eventually pain syndrome. The manual
medicine approach is holistic in nature. The few contraindications
to manual medicine are listed in Table 11.2.

TABLE 11.2. Contraindications to manipulation

Conditions

Fracture

Acute rheumatoid arthritis

Joint instability

Infection

Malignancy

Advanced neurological deficit/urinary incontinence
Severe osteoporosis
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MANUAL MEDICINE TECHNIQUES

There are a plethora of manipulative techniques for the hip and
pelvis in both chiropractic and osteopathic literature. Covering all
of these techniques is not practical for this text. The techniques
presented here are the authors’ preferred techniques and the ones
that they teach on a regular basis. Considerations for these tech-
niques include the time involved in the clinic to perform, the ease
of patient education, and the ease of teaching to other providers.
We hope you find these techniques helpful.

Counterstrain?'5?!

Psoas

Indications for psoas strain include hip flexor contracture and
anterior hip pain. The psoas tender points are routinely found
just medial to the anterior superior iliac spine (ASIS), upon pal-
pation. They are treated using a supine counter strain technique
(Fig. 11.3.). The provider places his fingers on the tender points
and then flexes the hip to fold the psoas around the tender point.
This is the point where the pain from the tender point is gone or
80% of the tenderness is gone. Then the provider holds this posi-
tion for approximately 90 seconds or until the tender point melts
away under the provider’s fingertips. Then the provider moves the
legs back to the neutral position. This must be done passively to
avoid re-aggravating the tender point. The premise is that the
Golgi tendon apparatus of the muscle fibers are being reset.

FIGURE 11.3. Treatment of psoas tender points.



242 C.W.WEBB AND J. CANNON

Piriformis

Piriformis strains are restricted internal rotation and posterior hip
pain. The piriformis tender points are treated in a similar fashion
(Fig. 11.4), but the patient is in the prone position and the hip is
extended and rotated to find the position of comfort. This is again
held until the point melts away, approximately 90 seconds, then the
hip is passively moved back to the neutral position.

Muscle Energy Techniques'%20:22.23

Anteriorly Rotated Inominate, or the Inferior Pubic Shear
Indications are osteitis pubis, groin strain, low back pain, hip or
pelvic pain and restriction in hip extension.

Findings show that the ASIS is inferior, the pubic bone is infe-
rior, and the PSIS is superior on the affected side. There is a posi-
tive flexion test on the affected side; the pelvic rock test will also
be positive (restricted) on the affected side.

To treat, the patient is asked to lie supine on the table; the
provider stabilizes the opposite ASIS with one hand then flexes
the knee and the hip. The provider then leans on the patient’s knee
to flex and abduct the thigh to the barrier (ligamentous tension).
The patient is instructed to push against the provider’s equally

FIGURE 11.4. Treatment of piriformis tender points.
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applied force for 3-5 s., then instructed to relax, pause, and asked
to loosen up/ take up the slack. This is repeated 3-5 times or until
the ASIS/pubes are equal.

Posterior Rotated Inominate, or Superior Pubic Shear
Indications are osteitis pubis, groin strain, low back pain, hip or
pelvic pain and restriction in hip flexion.

Findings show the ASIS is superior, the pubic bone is superior,
and the PSIS, is inferior on the affected side. There is a positive
flexion test on the affected side; the pelvic rock test will also be
positive (restricted) on the affected side.

The patient, while supine on the table, moves the affected side
to the edge of the table and drops the involved leg off the side
of the table. The clinician places one hand on the opposite ASIS
to stabilize the pelvis and the other hand on the thigh just above
the knee. The clinician extends the affected hip to the barrier
(ligamentous tension) and has the patient push up against the
counterforce for 3-5 s, pause, and take up the slack to reengage
the barrier. This is repeated 3-5 times or until the ASIS/pubes are
equal. The pressure needed from the patient is 8-10 pounds of
force, so caution them not to throw you across the room.

SI Joint Dysfunction/Pubic Shear
Indications are osteitis pubis, groin strain, low back pain, hip/
pelvic pain, and SI joint pain from sacral dysfunction.

Findings include a positive flexion test on the side with the
dysfunction. The pelvic rock test is positive. The pubic symphysis
or the SI joint is tender to palpation at the sacral base or the lum-
bosacral junction.

To treat, the patient is asked to lie supine on the examination
table. The knees and the hips are flexed to 90°. The clinician wraps
his/her arm around the patient’s knees and asks the patient to sepa-
rate the knees with a strong effort. This will stretch the abductors
and cause a loosening of the SI joint. Repeat this 3-5 times. With
the patient in the same position, the clinician separates the patient’s
knees and places his/her forearm between the patient’s knees with
the hand on the knee and the elbow on the opposite knee. Then
the patient is asked to push the knees together with a strong effort.
This is an isometric contraction that should be held for 3-5 s and
repeated 3-5 times. Then reassess for ASIS/pubes equality.

Restricted Hip Abduction

Indications are osteitis pubis, greater trochanteric bursitis, groin
strain, hip pointer (contusion), and snapping hip syndrome (ilio-
tibial band [ITB] tightness).
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Findings show decreased range of motion in abduction of the
hip compared to the uninvolved side.

For treatment, the patient is asked to lie supine on the exami-
nation table with the involved hip near the edge of the table. The
provider stands between the patient’s legs, lifts the involved leg
with the caudal hand, and stabilizes the opposite ASIS with the
cephalad hand. The patient adducts the leg against the provider’s
counterforce for 3-5 s. When the patient relaxes, the provider
pauses and then reengages the barrier. Repeat 3-5 times, then
reassess for increased symmetrical motion.

Restricted Hip Adduction
Indications are osteitis pubis, greater trochanteric bursitis, hip
pointer, andsnapping hip syndrome.

Findings demonstrate a decreased range of motion in adduc-
tion of the hip compared to the uninvolved side.

For treatment, the patient is asked to lie supine on the exami-
nation table with the feet at the end of the table (Fig. 11.5). The
provider lifts the involved leg at the proximal tibia and adducts it
to the restrictive barrier. The patient abducts the leg against the
provider’s counterforce for 3-5 s. When the patient relaxes, the
provider pauses then takes up the slack to reengage the barrier.
Repeat the process 3-5 times and reassess for improved range of
motion in adduction.

FIGURE 11.5. Treatment for restricted hip adduction.
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Restricted Hip Extension
See anterior rotated inominate. The treatment techniques are the
same as that for the anterior rotated inominate.

Restricted Hip Flexion
See posterior rotated inominate. The treatment techniques are the
same as that for the posterior rotated inominate.

Restriction in Hip External Rotation
Indications include osteitis pubis, hip pointer, snapping hip
syndrome, and tight internal rotators.

Findings show a decreased range of motion in external rota-
tion of the hip.

To treat, the patient is asked to lie supine on the examination
table with the affected hip flexed to 90° and the knee flexed to
90° (Fig. 11.6). The provider places his/her cephalad hand on the
patent’s knee and uses the caudad hand to apply force to the ankle,
externally rotating the hip to the restrictive barrier. The patient is
asked to push against the provider’s hand to internally rotate the
hip for 3-5 s. and then asked to relax. The provider pauses and
takes up the slack to reengage the barrier. Repeat 3-5 times then
reassess for improved range of motion.

FIGURE 11.6. Treatment for restricted hip external rotation.
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Restricted in Internal Rotation
Indications are osteitis pubis, hip pointer, snapping hip syndrome,
and tight external rotators (piriformis).

Findings show a decreased range of motion in internal rotation
and tight external rotators of the hip.

For treatment, the patient is asked to lie supine on the exami-
nation table with the affected hip and knee flexed to 90° (Fig. 11.7).
The provider places his/her cephalad hand on the patient’s knee
and uses the caudad hand to apply force to the ankle, internally
rotating the hip to the restrictive barrier. The patient is asked to
push against the provider’s hand to externally rotate the hip for
3-5 s., and then asked to relax. The provider will pause and then
take up the slack to reengage the barrier. Repeat 3-5 times then
reassess for improved range of motion.

Sacral Base Anterior
Indications include low back pain, pelvis pain, and hip pain.

On examination, sacral sulci are deep bilaterally, ILAs are level
bilaterally, the sacral base will move anteriorly bilaterally, and the
sacrotuberous ligaments are tight bilaterally.

FIGURE 11.7. Treatment for restricted hip internal rotation.
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For treatment, the patient is asked to lie supine on the table
with both hips and knees flexed to the chest (Fig. 11.8). The pro-
vider places his/her hands on the sacral base bilaterally to monitor
motion and asks the patient to push against the force for 3-5 s,

FiGURE 11.8. (A) Graphic depiction of exam findings for sacral base anterior
treatment for sacral base anterior. (B) Treatment for sacral base anterior.
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then asked to relax. The provider applies pressure to take up the
slack and reengage the barrier. Repeat 3-5 times and then reassess
for improved sacral positioning and motion.

Sacral Torsion About the Same Axis
Indications are low back pain, pelvic pain, hip pain, hip pointer,
and snapping hip syndrome.

Findings reveal left rotation about a left oblique axis. They
will be the opposite for a right-sided rotation on a right axis. Left
ILA is posterior and inferior compared to the right. The left PSIS
will be inferior; the right sacral sulcus will have motion and may
be deeper than the left. The segmental examination of the lumbar
spine will have an L5 sidebent left rotated right (SIRr) and the left
sacrotuberous ligament will be tense with the right being loose.

To treat, the patient is placed prone on the examination table
(Fig. 11.9). With the patient relaxed, have the patient move the hips
so that the left hip is on the examination table and the knees and
hips are flexed to 90°. The provider sits on a stool next to the table,
supporting the patient’s legs on the provider’s thigh. The provider
holds the patient’s ankles and asks the patient to push them toward
the ceiling for 3-5 s and then asked to relax. The provider applies
a counterforce, then pauses and takes up the slack to reengage the
barrier. The provider’s other hand is monitoring the motion of the
sacral base and inducing a left rotation of the spinous processes of
L4-L5 vertebra. Repeat this process 3-5 times then reevaluate the
sacrum for improved motion. This may be done on the right side
for a right sacral torsion about a right oblige axis. This technique,
when done with the patient supine to start, will treat a right rota-
tion about a left oblique axis (Fig. 11.10).

High Velocity Low Amplitude Techniques!'5-20,22,23

Unilateral Sacral Shear, Superior Inominate Shear
Indications include low back pain, pelvic pain, SI joint pain, hip
pain, and superior iliac shear.

On examination, one ILA is markedly inferior and posterior
compared to the other. PSIS are usually equal, but may be supe-
rior on the affected side. The sacral base on the affected side may
be anterior. Flexion and pelvic rock tests will be positive on the
affected side.

To treat, the patient is placed supine with a small, rolled-up
towel under the affected ILA (Fig. 11.11). From the end of the
table, the provider grasps the affected lower extremity with both
hands and abducts and internally rotates the hip to a point of the
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FIGURE 11.9. (A) Graphic depiction of exam findings for left sacral rotation
about a left oblique axis. (B) Treatment of a left on left sacral torsion.

closed packed position. Gentle traction is applied along the long
axis of the leg. The patient is asked to take a few deep breaths and
exhale fully; at the end of the full exhalation the provider applies
a short quick tug on the leg, taking care not to pull on the ankle
itself. The leg is then returned to midline on the table and the
patient is reexamined.
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B

FiGURE 11.10. (A) Graphic depiction of exam findings for a right sacral
rotation about a left oblique axis. (B) Treatment of a right on left sacral
torsion.

Right Posterior Innominate
Indications are low back pain and SI dysfunction.

To treat, the patient is asked to lie on his/her side; the lower
thigh and leg are straight and the upper thigh and leg are flexed
(Fig. 11.12). The pelvis is brought toward edge of the table. The
provider is anterior to the patient with the caudad hand making
pisiform contact medial and inferior to the PSIS and the cephalad
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FiGURE 11.11. (A) Graphic depiction of exam findings for sacral shear.
(B) Treatment for a unilateral sacral shear.

hand on the front of the shoulder. The caudad hand drives the
PSIS anterior accompanied with a body drop.

Sacral Base Posterior
Indications include low back pain and SI joint pain. This condition
is very common in the postpartum period.

On examination, the sacral sulci will be shallow bilaterally;
there will be some motion at the ILAs bilaterally but not the sacral
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FIGURE 11.12. Treatment for right posterior innominate shear using a high
velocity low amplitude (HVLA) technique.

base. The PSISs and ILAs are equal and the sacrotuberous liga-
ments are relaxed bilaterally.

To treat, the patient is placed prone on the examination table and
is asked to rise up on their elbows (Fig. 11.13). The provider places
the heel of one hand on the sacral base and the other hand on the
lower extremity to stabilize the patient. Pressure is applied to the
sacral base to engage the barrier. As the patient exhales a short quick
thrust is applied to the sacral base. The sacrum is then rechecked.

Table Assisted Technique

Right Posterior Innominate

Patient is placed prone with the provider standing on either side
of the table (Fig. 11.14). The provider’s contact hand is on medial
inferior aspect of the involved PSIS. The stabilization hand is on
the inferior aspect of the ischial tuberosity on the uninvolved side.
The thrust or line of correction is posterior to anterior with an
inferior-to-superior aspect.

Articulatory Technique for the Lumbar Spine and the Sl Joint'>
Indications are low back pain, SI joint pain, and somatic dysfunc-
tion of the lumbar spine or pelvis.

Findings show lumbar segmental dysfunction, sacral rotation
about a vertical axis, and a positive pelvic rock test on the involved
side.
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FiGURE 11.13. (A) Graphic depiction of exam findings for a sacral base
posterior. (B) Treatment for a sacral base posterior.

With the patient supine on the table, the provider stands oppo-
site to the side with the dysfunction (Fig. 11.15). The patient is
asked to interlock their fingers behind their neck. The provider
then will place the cephalad hand through the patient’s opposite
arm and rest the dorsum of their hand on the patient’s sternum.
(This technique is best for males; with female patients, place the
cephalad hand through the patient’s opposite arm and grasp the
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FIGURE 11.14. Treatment for right posterior innominate shear using a table
assisted technique.

inferior angle of the scapula.) Place the heel of the caudal hand on
the opposite ASIS to stabilize the pelvis. Have the patient take a
deep breath. As the patient exhales the provider stands, inducing a
stretch of the entire spine from the thoracic region to the SI joint.
Popping sounds are commonly heard but should cause no alarm.

Stretching Techniques

Stretching of the hip and pelvis to maintain the motion that is
restored via manipulation is imperative for long-term success.
Below are the stretches that this author routinely teaches to the
patients seen in his clinic. Patients must understand that stretch-
ing must become a part of their daily activities. These stretches are
to be done in sets of three for 15 s each.>%823

Hamstrings (Semitendinosus, Biceps Femoris, Semimembranosus)
The patient stands with feet together. Keeping both knees fully
extended, the patient slowly bends forward at the waist trying
to place the palms on the ground. Hold this stretch for 15 s. and
repeat three times. Then the patient crosses the right foot over
the left foot and repeats, then the left foot over the right foot and
repeats (Fig. 11.16).

Iliopsoas
The patient kneels on the right knee with the left foot forward
on the floor, turning the right foot out to turn the right hip in
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FIGURE 11.15. (A) Supine direct articulatory technique.

and leaning forward from the waist while keeping the back
straight. The stretch should be felt in the front of the right hip
(Fig. 11.17).

Quadriceps Femoris Stretch

The patient stands with the left hand supported on a stationary
object to maintain balance. The right hand holds the right ankle.
The patient pulls the right leg toward the buttocks keeping both
knees together. The stretch is felt in the front of the right thigh.
Repeat for the left leg (Fig. 11.18).

Iliotibial Band Stretch

The patient stands perpendicular to and 2-3 feet from a door or
wall with the right hand on the wall for support and the right
leg behind the left leg. As the provider pushes down on the
left hip, a stretch is felt in the lateral right thigh as the patient
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FIGURE 11.16. (A) Hamstring stretch (straight leg hang). (B) Hamstring
stretch (left over right). (C) Hamstring stretch (right over left).

pushes the right hip toward the junction of the wall and the floor
(Fig. 11.19).

Gluteal Stretch (Figure 4 Stretch)

The patient lies supine on the table. The ipsilateral lower extrem-
ity is flexed, abducted, and externally rotated to place the ankle
on the opposite thigh just above the knee. The opposite hip is
flexed with the knee bent by the patient reaching up and grapping
the leg at mid-thigh. The stretch is felt with the patient pulling the
leg to their chest (Fig. 11.20).
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FIGURE 11.17. Tliopsoas stretch.

Piriformis Stretch

This, stretch is similar to the gluteal stretch, but instead of placing
the ankle just above the knee, when the legs are crossed, place the
knee on just above the opposite knee, and then pull the leg toward
the chest.



FiGURE 11.18. Quadriceps stretch.

\

FIGURE 11.19. Iliotibial band stretch.
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FIGURE 11.20. Gluteal stretch.

Doctor-Assisted Resisted Piriformis Stretch

The patient lies supine on the table. The involved lower extremity
is flexed and crossed over the contralateral extremity. The involved
side is internally rotated with the doctor resisting the patient’s
external rotation by standing on the ipsilateral side with his hand
resisting external rotation. This stretch should be held for 20 s. and
is usually done 2-3 times per leg (Fig. 11.21).

Groin Stretch

With the patient sitting up with feet together and knees bent,
separate the knees to feel the stretch in the groin and inner thighs
(Fig. 11.22).

SUMMARY
The patient was found to have iliotibial band syndrome, as her
pain was exacerbated shortly into her run, then would dissipate
shortly after stopping. She had a positive Ober’s test and tender-
ness over the greater trochanter on the right; she also has a right
on right sacral torsion. X-rays of the hip and pelvis are negative
for evidence of fracture, arthritis, and other bony abnormalities.
She was treated with manipulation to include the ones listed above
and did very well. She was given a stretching program and to fol-
low up in 3 weeks. Upon returning in 3 weeks she was able to run
without difficulty and was able to complete her goal; running the
Portland Marathon.

These are but a few of the large variety of manual medicine
techniques that have been described in both the chiropractic and
osteopathic literature. Manual medicine or manipulative medicine
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FIGURE 11.21. Doctor-assisted resisted piriformis stretch.

FIGURE 11.22. Groin stretch.



Il. MANUAL MEDICINE OF THE HIP AND PELVIS 261

or adjustments are all plays on a tool that is found in several physi-
cians bags. It is but another method of evaluating and treating the
athlete not only in one’s clinic but also on the field, court, or track,
or anywhere else that athletes find themselves in competition.
Manual medicine techniques have been found to be effective in
the treatment of a variety of musculoskeletal as well as visceral ail-
ments. So regardless of one’s training, be it allopathic, osteopathic
or chiropractic, the sports minded provider that practices manual
medicine has the ability to lay on hands, help restore motion to an
area of the body, improve alignment for optimal performance, and
above all do no harm.
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Chapter 12
Taping and Bracing for Pelvic
and Hip Injuries

Scott A. Magnes, Lance Ringhausen, and Peter H. Seidenberg

CLINICAL PEARLS

e There is little research available regarding the use of athletic
taping and bracing for the hip and pelvis.

e The disadvantages of using athletic tape are the expense, the
difficulty of application, and possible skin irritation.

e Tape's effectiveness at decreasing joint motion lessens after
30 min.

e Further research is needed to determine if compression shorts
are able to prevent injury or enhance athletic performance.

CASE STUDY

A 20-year-old female collegiate goalie presents herself to the
athletic training clinic for the evaluation of right lateral hip pain.
The pain started a day earlier when she dove and landed on the lat-
eral aspect of her right hip in order to block a shot. She complains
of pain in that area exacerbated by hip abduction.

On examination, there is edema overlying the greater tro-
chanter but no ecchymosis is present. She has full passive range of
motion of the hip and resisted abduction increases pain in the area
of the greater trochanter. Log roll is negative. Ober test is negative
but produces pain in the area of the greater trochanter. There is no
pelvic obliquity noted. She is neurovascularly intact.

INTRODUCTION
Taping has been utilized since ancient Roman times and was first
introduced to organized sports in the 1890s in college athletics.
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Although the ankle is the most common joint taped and the most
often studied, athletic taping techniques are used for nearly all
body parts, including the shoulder, elbow, wrist, hand, fingers,
knee, foot, and hip. To date, research has been focused mainly on
taping for the ankle, wrist, hand, and knee joints. Unfortunately,
there are very little data regarding the hip and pelvis to guide clini-
cians in its potential use in these areas.

INDICATIONS FORTAPING

Athletic taping techniques can be utilized after acute injury, for
rehabilitation from injury, for injury prophylaxis, or for functional
purposes. In general, taping is performed with the involved joint in
a neutral position to limit the range of motion. Compressive taping
techniques are used for an acute injury to limit joint motion and
control edema. Tape may be applied during return to activity to
protect the injured joint from further damage.

EFFICACY OF TAPING

Originally, it was postulated that taping techniques could hold
bones rigidly in approximation and, consequently, prevent injury
to the associated ligament. However, research has proven that the
effect of taping is mostly proprioceptive.!”” Radiographic studies
showed that the affected bones do not maintain the same relation-
ship in a weight-bearing dynamic position as they do in the non-
weight-bearing static position after taping,?® disproving this theory.
Contrary to most athletes’ beliefs, tape’s effectiveness at restrict-
ing joint motion is decreased within 30 minutes of the onset of
physical activity.®!? These undesirable changes were attributed to
perspiration and loosening or stretching of the tape during weight-
bearing activities.

DRAWBACKS

Although widely utilized, athletic taping has several obvious draw-
backs.® For example, a trained individual is required to correctly
apply the tape to the affected body part. Also, since the tape cannot
be recycled after application, costs may be high. Frequent reap-
plication of tape can lead to skin irritation.

TYPES OF TAPE

There are many different types of athletic tape. The most com-
monly used is Zonus. Other commonly used tape types include
Elasticon, Elastoplast, Blister Tape, Leukotape, Cover Roll, and
Kinesiotex (Kinesiotape). Except Kinesiotex, the tape is generally
applied over a foam-like material called underwrap, or prewrap.
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The purpose of the prewrap is to protect the skin from the adhe-
sive backing of the tape. In order to provide better adherence, a
tacky substance (e.g., Tuf-Skin spray adherent) is often applied to
the skin prior to the application of the underwrap.

Kinesiotape was invented by Kenzo Kase, D.C. in Japan. Kase
attended chiropractic school in the United States, but practiced
in Japan. He invented Kinesiotape in an effort to decrease pain
and edema, assist in muscle function, and improve joint function.
Kinesiotape was first utilized on Japanese Olympic volleyball
players in the 1980s and now is commonly utilized in all profes-
sional sports in Japan. It is also very commonly utilized in the
nonathletic population in that country. It was first introduced in
the United States in 1995.

The theory behind the mechanism of action of Kinesiotape is
based on augmenting the body’s natural healing processes. The
tape is flexible and has physical properties that affect the neu-
rologic, proprioceptive, musculoskeletal, and lymphatic systems.
Unlike traditional taping methods that employ compression to
control edema, Kinesiotape is applied to the surface of the skin
to facilitate lymphatic drainage. It is purported that the elasticity
of the tape allows the skin to be gently lifted directly under the
tape to facilitate extracellular fluid drainage. Kase and Hashimoto
utilized Doppler ultrasound to measure fluid flow in patients with
and without circulatory insufficiency. They found that there is an
increase in flow after application of Kinesiotape and were unable
to demonstrate any adverse effects from its use.!!12

Kinesiotape has also been utilized successfully in the treat-
ment of muscle injuries. Its mechanism of action is purported
to be much different from that of traditional athletic taping
techniques. The tape has an elastic component that will attempt
to recoil, once applied. Therefore, application of tape from the
origin of the muscle to its distal insertion helps facilitate muscle
function. When placed in the opposite direction, Kinesiotape has
a tendency to inhibit or decrease muscle activity. This distinction
is extremely important clinically, when utilizing Kinesiotape for
rehabilitation of any musculoskeletal injury. Studies have been
conducted measuring electromyographic muscle activity with
the tape applied in each direction confirming that there is more
electromyographic activity when the tape is applied in the facilita-
tory role and less electromyographic activity when it is applied for
muscle inhibition.!!!2

Kinesiotape is manufactured to mimic the thickness, weight,
and elasticity of human skin. Kinesiotape has an elastic compo-
nent that allows it to stretch 30-40% beyond its original length.'3
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The adhesive is heat activated and allows the tape to function for
several days without reapplication. It is also water resistant, such
that it can be worn in a pool, shower, or bath without coming off.
Kinesiotape is designed to “breathe” and also functions to remove
sweat from the surface of the skin. It causes fewer skin reactions
than conventional tape. The tape contains no latex and is hypoal-
lergenic. It is available in different colors including neutral, blue,
and pink. As per Eastern medicine theory, pink absorbs more light
and generates a warming effect while blue reflects light and pro-
duces a cooling effect.® Unlike conventional tape, Kinesiotape can
be cut lengthwise without losing any of its unique properties.

TAPING TECHNIQUES

Numerous taping techniques have been purported to be effica-
cious in the treatment and prevention of injury about the hips and
pelvis (Fig. 12.1.). Some examples of injuries/ conditions in which
taping/ bracing have been utilized include greater trochanteric
bursitis, iliac crest contusion (hip pointer), and osteoarthritis of
the hip.

BRACING

Bracing has several advantages over taping. Its use does not
require any special expertise and there is no repeated expense
as with each reapplication of tape (Fig. 12.2). The effectiveness
of bracing compared to taping has been researched by several
authors and no significant differences were found in the injured
joint. Yet bracing and taping both increased the effectiveness of
proprioceptive feedback and when studied were found to have a
reduction in muscle action while landing. 2710.14

Compression Shorts
One common brace utilized in sports for injury prevention and
rehabilitation about the hip and pelvis is compression shorts. It has
become increasingly popular during the last decade despite little
research to support its efficacy. Light compression materials (i.e.,
Spandex) have not been found to hinder performance."'> While no
increase in single maximal jump power was noted, compression
shorts did help maintain higher jumping power during repeated
vertical jumping exercise.!>

Performance and proprioception at the hip with the use of elas-
ticized compression shorts that offer considerably more compres-
sion and resistance to movement than conventional compression
shorts have been studied. Their use did not limit performance on
any measures except active range of motion during hip flexion.!®!7



FIGURE 12.1. Hip spica technique. (A) Place a 1-2 inch object under the heel to
slightly flex the hip. (B) Lateral view of 12.1a. (C) Using a 6-in., double-length
elastic bandage, wrap lateral to medial on the involved side at a slight down-
ward angle. (D) Wrap the bandage around the involved side and cross the
anterior hip. (E) Wrap the bandage around the back of the patient and around
the anterior aspect of the involved side. (F) Continue across the anterior aspect
of the hip.
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FIGURE 12.1. Continued.

There is scientific evidence that movement of skin overlying
activated muscle triggers cutaneous receptors to send propriocep-
tive information to the brain;>° however, there was no increased
proprioception at the hip noted with the use of the compression
shorts.!” Subjective data revealed over 93% of subjects felt the
shorts were supportive, although its proper fit was an issue.!”
Doan et al.!® found countermovement vertical jump height and
60-m. sprint times to be enhanced with the use of neoprene and
rubber compression shorts which provided compression similar
to those used in the previous study. Further research is needed to
delineate if compression shorts offer any enhancement to athletic
performance or efficacy in prevention of injury.

CASE CONCLUSION

The patient was diagnosed with traumatic greater trochanteric bur-
sitis. Ice and analgesics were used for pain control. The athlete was
advised to wear compression shorts and hip spica taping was per-
formed during practice and competition. This treatment provided
her with more confidence in hip movement but did not decrease
her pain. Her symptoms completely resolved after 2 weeks.
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A

FIGURE 12.2. Molded thermoplastic protection of the hip. (A) Select an
appropriate thermoplastic material. (B) Half-inch high density foam. (C)
Place the heated thermoplastic material over the foam. (D) Cut the thermo-
plastic material to appropriate size. (E) Remove the foam from the thermo-
plastic material. (F) Place the thermoplastic material over the involved side.
(G-I) Using a hip spica technique, wrap the mold to the patient. (J) Secure
the elastic bandage with white athletic tape.
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Chapter 13
Nonsurgical Interventions

Michael D. Osborne and Tarig M. Awan

CLINICAL PEARLS

® Given their relative safety, the ease of use in trained hands, and
cost-effectiveness, injection therapies can be beneficial when
more conservative treatment measures have failed.

¢ Injection therapies containing local anesthetics may help con-
firm a diagnosis, particularly when performed with the precision
of image guidance.

¢ Informed consent should be obtained for all procedures and
should include a discussion regarding the indications, antici-
pated outcome, potential risks and complications, possible side
effects, and alternatives to the procedure.

e It is incumbent on the proceduralist to have a thorough under-
standing of the relevant anatomy, procedural technique, poten-
tial risks, and procedural contraindications and to be prepared
to manage any unforeseen complications prior to attempting
injection therapies.

¢ Injection therapies are very rarely indicated as first-line treatment.

CASE PRESENTAION

A 24-year-old male recreational basketball player presented himself
with right hip and groin pain of 2 months duration. The patient
was playing basketball and landed awkwardly on his right leg. He
subsequently developed progressive pain with activity, sharp in
quality and predominantly over the anterior hip with radiation to
the groin. He denied any mechanical catching or locking. He was
unable to run or play basketball without discomfort. Pain could
be relieved by laying supine with his hip and knee flexed. Mild
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relief was obtained with nonsteroidal anti-inflammatory drugs
(NSAIDs) and physical therapy.

Physical Examination

¢ Normal appearance, gait, and station.

¢ Normal strength, reflexes, and full hip range of motion.

¢ Tenderness over iliopsoas at the pelvic brim, and hip adductors.

* FABER test negative; Stinchfield test positive.

® Passive hip extension, internal rotation, and adduction caused
discomfort but did not reproduce the typical pain.

e Modified Thomas test