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Preface

It has been 40 years since Title IX was passed, giving females equal opportunities
for sports participation at federally funded programs. The number of women
participating in sports has skyrocketed ever since.

As more women participate in sports and lead active lifestyles, we need to under-
stand that they cannot train and be treated the same as men. Females are at higher
risk for several medical problems compared to their male counterparts. We need to
identify these risks, treat them, and, more importantly, learn how to prevent them.

Taking care of the female athlete or women’s musculoskeletal problems requires
a multidisciplinary understanding of the issues. Women’s musculoskeletal health is
an emerging body of knowledge, and it is important for health-care providers to
understand this and be well versed in this area.

Musculoskeletal diseases are the leading cause of disability in the United States.
Health-care costs are rising at an alarming trajectory. We need to educate ourselves
to prevent potential musculoskeletal problems before they arise. If we can educate
young active women to optimize their bone health, imagine how many insufficiency
fractures we can prevent when they are older!

The collaboration of numerous health-care providers from different specialties
presenting and covering different topics pertaining to women’s musculoskeletal
health in this book is just a beginning. We hope this book opens many doors to pur-
sue better diagnostic, treatment, and prevention strategies for us all in the future.

Chestnut Hill, MA, USA Elinor Mody, MD
Boston, MA, USA Elizabeth Matzkin, MS, MD
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Chapter 1
The Female Athlete Triad

Elizabeth Matzkin and Gabrielle M. Paci

Abstract The female athlete triad describes a spectrum of eating behaviors that result
in low energy availability, accompanied by a range of less than ideal menstrual function
and bone mineral density. Though the true prevalence of the triad along its full spectrum
of interrelated pathologies remains unclear, limited studies have reported prevalence in
0-40 % of athletes and 0-3 % of controls. Diagnosis of the female athlete triad relies on
a high index of suspicion among primary care physicians and sports specialists alike. If
there is concern for one component of the triad, workup for the other components should
be performed. Prevention is critical in high-risk groups. The mainstay of treatment is to
increase energy availability. A multidisciplinary approach to treatment is best, with
involvement of physicians from primary care, psychiatry, and sports specialists as
needed, in addition to a nutritionist, trainer, and family members. Future investigation
should focus on better quantifying the problem and options for intervention.

Keywords Female athlete triad ¢ Athlete health ¢ Energy availability ¢ Disordered
eating ® Menstrual dysfunction * Amenorrhea * Bone mineral density ® Osteoporosis
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FAT Female athlete triad

GnRH Gonadotropin-releasing hormone
LH Luteinizing hormone

OCP Oral contraceptive pill

Introduction

Since the advent of Title IX, passed by Congress in 1972, female representation
among high school athletes has increased from 7 to 41 % in 2009 [1]. This education
amendment, which rejected the ability for federally funded schools to exclude ath-
letes on the basis of sex, has clearly resulted in benefits for young female athletes.
Among such benefits are increased self-esteem, higher high school graduation rates,
and overall improved health [1]. Since this time, however, the prevalence of eating
disorders among female athletes has also become apparent [2]. Most commonly seen
in those who train in sports that thrive on low body mass, including gymnastics, bal-
let, swimming, diving, and running, the prevalence of eating disorders in this high-
risk group is reported as high as 42 % [2, 3]. However, eating disorders among female
athletes were not identified as solitary findings. In 1992, the Task Force on Women’s
Issues of the American College of Sports Medicine (ACSM) called a consensus con-
ference in Seattle, Washington, to discuss an observed association between disor-
dered eating, amenorrhea, and osteoporosis in adolescent and young adult female
athletes [4, 5]. They coined the term Female Athlete Triad (FAT) to describe these
interrelated pathologies and published a position stand in 1997, aimed at guiding
treatment as well as increasing prevention and risk reduction [5, 6].

The ACSM updated their position stand in 2007, further describing the relation-
ship as it exists along a spectrum of eating behaviors that result in low energy avail-
ability, accompanied by a range of menstrual function and bone mineral density
(BMD) that all fall under the umbrella of the diagnosis [6, 7] (Fig. 1.1). The ACSM’s
updated position stand emphasized the importance of the presence of any one com-
ponent of the triad and called for further investigation into epidemiologic preva-
lence and outcome studies as well as ways to prevent, identify, and treat this
condition. To this end, research has increased awareness of the condition among
athletes and physicians alike. Cross-sectional studies performed in variety of popu-
lations have demonstrated prevalence of FAT ranging from O to 40 % of athletes and
0to 3 % of controls [8—18] (Table 1.1). The prevalence of one or more components
of the triad is much higher, reported as high as 78 % in the literature [8, 11, 13].
Much remains to be learned, however, with regard to actual prevalence among high-
risk groups as well as optimal treatment and management of this multisystem triad.

Energy Availability

Energy availability, or the amount of energy available for the body to function fol-
lowing athletic training, is calculated as the difference between dietary energy
intake and exercise-related energy expenditure [7]. In a state of low energy
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Fig. 1.1 A spectrum of energy availability, menstrual dysfunction, and bone mineral density fall
under the umbrella diagnosis of the female athlete triad

availability, resources are redistributed to prioritize survival mechanisms including
thermoregulation and cell maintenance at the expense of noncritical physiologic
functions such as growth, fat storage, and menstruation [19]. Low energy availabil-
ity can result from decreased dietary intake with or without an eating disorder,
increased exercise expenditure, or a combination thereof.

It is important to distinguish disordered eating resulting in low energy availability
from a diagnosis of an eating disorder such as anorexia nervosa (AN) or bulimia
nervosa (BM). Disordered eating practices include a spectrum of subclinical behav-
iors that negatively impact health, ranging from restriction and purging to use of diet
pills and laxatives [3, 20]. AN is a classified psychiatric condition characterized by
restrictive or purging eating behaviors accompanied by body weight that is at least
15 % below ideal body weight and amenorrhea. BM, likewise, is a classified psychi-
atric condition consisting of binge eating followed by compulsive behaviors such as
purging or excessive exercise, resulting in normal or slightly increased body weight.
While disordered eating and low energy availability are common among female ath-
letes, diagnosed eating disorders are low in prevalence [4]. An actual eating disorder
is not required to achieve low energy availability and FAT may be present anywhere
along the spectrum of energy imbalance. Female athletes may, as such, be entirely
unaware that they are failing to meet their energy intake requirements.
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Due to the logistical difficulties of measuring exact energy intake and expendi-
ture in an individual, few studies have reported on the prevalence of low energy
availability among female athletes. In two studies examining adolescent athletes
and controls, low energy availability (<45 kcal/kg of fat free mass per day) was
calculated in 36-87.5 % of athletes and 9.5-39 % of controls [9, 11]. More often,
studies have focused on questionnaire screening tools to measure rates of clinical
eating disorders and disordered eating. In a Norwegian study of 572 female elite
athletes, 20 % met the criteria for an eating disorder and another 21 % were consid-
ered to be “at risk” for an eating disorder, compared to 14 and 9 % of female con-
trols, respectively [2]. The numbers were even more staggering when broken down
by sport categories, with 30 % of female weight class athletes and 42 % of female
aesthetic athletes qualifying for eating disorders [2]. Another study of 425 female
collegiate athletes reported AN in 3.3 %, BN in 2.4 %, and questionnaire scores
qualifying them as “at risk” in 15-32 %, depending on the survey used [8]. Whether
female athletes are actually at increased risk of disordered eating remains unclear,
however, as a recent meta-analysis reviewing 22 studies in the literature found no
difference in prevalence of disordered eating between athletes and controls [21].

Menstrual Function

The menstrual cycle describes a series of endocrine-regulated physiologic changes nec-
essary for reproduction in female mammals. Regular menstrual function, with cyclic
ovulation resulting in predictable menses near the median of every 28 +7 days, relies on
activity of the hypothalamic-pituitary-ovarian axis. At the level of the brain, the hypo-
thalamus is responsible for pulsatile gonadotropin-releasing hormone (GnRH) release,
which then signals the pituitary to release the gonadotropic hormones: luteinizing hor-
mone (LH) and follicle-stimulating hormone. LH and follicle-stimulating hormone tar-
get the reproductive system at the ovaries and uterus, stimulating ovulation and a series
of hormonal fluctuations involving estrogen and progesterone that result in either men-
struation or pregnancy. Disruption at any level of this complex cascade can lead to men-
strual dysfunction, or irregularity of the menstrual cycle, with or without infertility.

Historically, it was thought that a minimum body fat percentage was required in
order to maintain the aforementioned cascade resulting in regular menstruation [22].
However, mounting evidence that there is no significant difference in body fat compo-
sition between eumenorrheic and amenorrheic athletes has disputed this theory [23-25].
Theories pointing at stress as the culprit have been similarly disproven [26]. Currently
in favor is the metabolic fuels hypothesis that connects energy availability to men-
struation by way of neuronal GnRH secretion [19, 24, 26, 27]. Low energy availability
has been linked to non-pulsatile GnRH secretion resulting in disturbed LH release,
explaining the low levels of LH seen in amenorrheic athletes [28]. A threshold of
availability under which menstrual dysfunction will occur has been identified as
30 kcal/kg of lean body mass per day [24]. A role for signaling factors such as leptin
and adiponectin has also been implicated but remains unclear [29, 30].
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Table 1.2 Definitions of the spectrum of menstrual dysfunction

Oligomenorrhea Menstrual intervals>35 days

Primary amenorrhea Never having had menses by age 15 in the presence of secondary
sex characteristics or within 5 years of breast development
occurring before age 10

Secondary amenorrhea Loss of menses for>90 days

Subclinical luteal phase Luteal phase< 11 days and/or low progesterone levels in the
suppression presence of menses

Anovulation Absence of ovulation

The menstrual dysfunction related to low energy availability in FAT includes a
noncontinuous spectrum ranging from oligomenorrhea to anovulation. Primary
amenorrhea, secondary amenorrhea, and subclinical luteal phase suppression in the
presence of menses, as defined in Table 1.2, all fall within this spectrum.

Prevalence of menstrual dysfunction in female athletes remains difficult to accu-
rately quantify. This is, in part, due to frequent use of questionnaires for assessment
[31]. It is further complicated by the fact that estimates often do not account for
subclinical menstrual dysfunction, such as luteal phase suppression, that leads to
eumenorrheic infertility [25, 31]. Studies have suggested that, even in recreational
runners, total anovulation rates (with or without changes in menses) are as high as
78 % [32]. A number of studies report that elite leanness athletes have significantly
higher rates of menstrual dysfunction when compared with non-leanness elite ath-
letes, suggesting that prevalence varies by sport [15, 17, 33]. It has been estimated
that up to 79 % of women participating in weight-bearing sports, such as ballet and
running, have some menstrual dysfunction [27].

Bone Strength

Bone strength is a function of many factors, including bone mineral content, BMD,
and bone quality determinants such as microarchitecture. Bone remodeling, in the form
of bone formation and resorption, is a continuous process with the maximum increase
occurring during adolescence and overall peak density occurring by the third decade of
life [34]. In a healthy athlete, exercise-induced mechanical stress increases bone den-
sity, such that weight-bearing exercise in athletes (volleyball, gymnastics) results in a
5-19 % increase in BMD [35]. Changes in BMD seen along the spectrum of FAT likely
result from a combination of nutritional deficits as well as hypoestrogenism.

Bone mineralization relies on calcium, phosphorous, and vitamin D supply.
Recent research has shown that vitamin D concentrations were inadequate
(<50 nmol/L) in 62 % of athletes in a Northern latitude population [36]. A study
looking at only female gymnasts in Australia, ages 10—17, found that 72 % had cal-
cium intake below that recommended for age and 83 % were vitamin D insufficient
(<75 nmol/L) [37]. In female athletes with FAT, energy imbalance may make these
deficiencies even more common.
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Late menarche and menstrual dysfunction are associated with decreased BMD in
both athletes and controls [17]. Hypoestrogenism, associated with menstrual dys-
function in athletes with low energy availability, is a well-established cause of bone
demineralization and low BMD [7]. Estrogen acts at two levels to increase bone
mineralization: binding at alpha receptors leads to increased osteoblast and
decreased osteoclast function while, during puberty, stimulation of growth hormone
increases insulin-like growth factor-I [38]. The hallmark of FAT that leads to
decreased bone strength is a state of low estrogen, also implicated in the low BMD
commonly seen in postmenopausal women [7, 31]. The role of progesterone has
also been documented in women with luteal phase suppression, who experience
BMD loss of 2—4 % per year [39, 40].

Some studies in the literature claim to have identified a direct association between
low energy availability and decreased BMD that is independent of hypoestrogen-
ism. Cobb et al. did not measure estrogen or progesterone levels in subjects and,
therefore, may have failed to identify eumenorrheic subjects with hypoestrogenism
[41]. De Souza et al. did measure estrogen levels in all subjects but failed to measure
progesterone and categorized women as “estrogen replete” if they produced a “suf-
ficient increase to result in menstrual bleeding” [32]. This methodology may have,
similarly, failed to identify subjects who had estrogen fluctuations sufficient to
achieve menses but estrogen and progesterone still low enough to effect bone health.
Potential direct effects of low energy availability on bone remain unclear.

It is clear from the literature that BMD is lower in athletes with known menstrual
dysfunction. One study identified low BMD in 38 % of amenorrheic athletes (n=21)
compared to 11 % of eumenorrheic athletes (n=18), which was equal to the controls
(11 %, n=18) [42]. The low BMD seen in female athletes with menstrual dysfunc-
tion puts them at increased risk of fracture that is two to four times that seen in the
eumenorrheic cohort [31].

Diagnosis

Given the complex, interrelated nature of FAT and frequent lack of apparent signs
or symptoms, diagnosis can be a challenge and relies on a thorough history for
identification of individual components. A high index of suspicion should be main-
tained for all female athletes. Prime opportunities for relevant screening include
sports clearance physicals and annual exams [7]. Presentation of any one compo-
nent of the triad or diagnosis of a commonly related pathology (stress fracture)
should lead to full workup for FAT [7]. Initial signs and symptoms, if present, may
be as nonspecific as fatigue, anemia, electrolyte abnormalities, and depression [3].
Clinicians should obtain a thorough history that includes diet and energy intake,
eating behaviors, change in weight, exercise regimen, menstrual history, and history
of sports-related injury including fracture [3]. In addition to height, weight, and
vital signs, physical exam should include particular attention not to overlook signs
of disordered eating, such as lanugo, Russell’s sign on the dorsal hands, periodontal
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Table 1.3 Laboratory tests Energy availability
for female athlete triad

Electrolytes
component workup

Chemistry profile
CBC with differential
ESR

Thyroid function tests
Urinalysis

Menstrual function
Pregnancy test

LH

FSH

LH-FSH ratio
Prolactin

TSH

Bone mineral density
DXA scan

disease, and salivary gland enlargement [4]. Eating disorder surveys may help
clinicians to identify patients at risk for disordered eating. The Eating Disorder
Inventory, Eating Attitudes Test, and Eating Disorder Examination are valid instru-
ments for such assessment [4]. Laboratory tests should be obtained to assess the
patient’s nutritional status as outlined in Table 1.3. Results within normal limits cannot
rule out the possibility of disordered eating and, in the presence of concern, referral to
a mental health practitioner should be made for further workup and diagnosis [7].

Menstrual dysfunction rarely presents with any symptoms beyond irregular men-
ses and may be entirely asymptomatic, as in the case of eumenorrheic luteal phase
suppression. When secondary amenorrhea is present, investigation into the cause is
warranted, as FAT is considered root cause only through exclusion of the remaining
differential diagnoses. Differential for secondary amenorrhea includes pregnancy,
medications (oral contraceptives, intrauterine devices, antipsychotics), hypotha-
lamic dysfunction (disordered eating, Kallmann’s syndrome), pituitary dysfunction
(prolactinoma, Sheehan’s syndrome), ovarian dysfunction (menopause, premature
ovarian failure, polycystic ovary syndrome), uterine dysfunction (Asherman’s syn-
drome), and endocrine dysfunction (hypothyroidism, Cushing’s disease). When pri-
mary amenorrhea is present, anatomic considerations including absent uterus must
also be considered [3]. Laboratory tests should be performed for evaluation of men-
strual dysfunction in all athletes, as outlined in Table 1.3 [7]. Other tests, including
serum free testosterone, serum cortisol, and/or progesterone challenge (medroxy-
progesterone acetate 10 mg daily for 7-10 days) may be performed according to
signs and symptoms. If 3—6 months of treatment do not succeed in achieving men-
ses, consultation with a reproductive specialist is recommended [7].

Athletes who experience any of a number of risk factors, including known men-
strual dysfunction or disordered eating anywhere along the spectrum for 6 months or
longer, should be assessed for low BMD [7]. Any history of stress fracture or fracture
resulting from minimal trauma should also raise concern. Bone mineral density
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should be quantified using dual-energy X-ray absorptiometry and checked serially
every 12 months in those with FAT [7]. Bone mineral density is a measure of bone
remodeling balance that provides information about fracture risk. Z-scores represent
standard deviation from the mean for a given age. The International Society for
Clinical Densitometry recommends that, in premenopausal women, z-score<-2
should be considered “below the expected range for age” [43]. In athletes who par-
ticipate in weight-bearing sports, where one would expect an above average BMD, a
z-score between —1 and -2 should be of concern. The ACSM has further classified
z-scores in the context of secondary clinical risk factors: in the presence of nutritional
deficiency, hypoestrogenism, history of stress fracture, or other fracture risk,
z-score<—1 is considered low BMD, while < -2 is deemed osteoporosis [7].

Treatment

Ideally, FAT, would be addressed in a timely fashion that allows for prevention at its
cornerstone. Multidisciplinary intervention, including oversight by a primary care
physician, consultation with a nutritionist or dietician, psychiatric evaluation, and
involvement of the patient’s trainer and family, may aid in achieving improvement.
The mainstay of treatment for FAT is increased energy availability with resumption
of the menstrual cycle. In athletes who are under ideal weight, a weight goal should
be established and achieved in weekly increments of 0.5-1 Ib/week [3]. Energy
intake should be monitored with a minimum goal of greater than 45 kcal/kg of fat
free mass per day to achieve improvement in bone health [7]. Exercise should not
be halted, but rather decreased by 10-20 % in the setting of weight and energy
intake monitoring [3]. Nutrient intake should be assessed and supplemented where
necessary, with a goal of 1,000-1,300 mg of calcium per day, 400—800 international
units of vitamin D per day and 60-90 pg of vitamin K per day [7].

Though commonly used to treat osteoporosis in postmenopausal women, the
role of estrogen supplementation in improving BMD for athletes with menstrual
dysfunction remains controversial. Estrogen supplements, including hormone
replacement therapy and/or oral contraceptive pills (OCPs), have been used to treat
low BMD and osteoporosis secondary to athlete-associated amenorrhea despite the
lack of supporting evidence in the literature [44]. Studies examining the effect of
OCPs in athletes with functional hypothalamic amenorrhea over 8 months to >4
years have demonstrated equivocal increases in BMD compared to controls [45].
Cobb et al. performed the largest randomized controlled trial to date following
patients over 2 years. Results were inconclusive due to a high rate of noncompliance
among those randomized to OCPs as well as frequent spontaneous resumption of
menses among the controls [46].

The pathophysiology of estrogen’s effects on bone strength may help to explain its
unclear role in women with menstrual dysfunction. Women with menstrual dysfunc-
tion experience decreased osteoblastic bone formation as well as increased osteoclastic
bone resorption. Estrogen works primarily by inhibiting osteoclastic bone resorption,
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thereby only targeting one of the factors leading to low BMD in this population [44].
Furthermore, exogenous estrogens, such as OCPs, may inhibit the body’s natural
androgen secretion, which could contribute to an overall decrease in BMD [47].

Though estrogen therapies may halt bone loss by decreasing bone turnover, evi-
dence suggests that they are unable to achieve increases to ideal BMD in this popu-
lation [48]. It remains unclear whether preventing further decrease in BMD has any
clinical benefit in preventing stress fractures [45]. Use of OCPs to achieve resump-
tion of menses in FAT may lead to a false sense of security with regards to progno-
sis. In young athletes, the use of OCPs is further complicated by the potential for
short stature, as the exogenous estrogen leads to premature closure of the growth
plates [44]. As a result, current recommendations for use of OCPs suggest that this
treatment only be used in patients over 16 years of age who have persistent FAT-
related amenorrhea despite having achieved ideal nutrition and weight [7].

Bisphosphonates also remain controversial for use in the female athlete. Very
little is known about their efficacy in treating premenopausal osteoporosis second-
ary to menstrual dysfunction and energy imbalance. Furthermore, their use is highly
discouraged in premenopausal women due to the potential for teratogenic effects in
the event of pregnancy [44].

Prognosis

Expected prognosis of FAT has not been well established. The decrease in BMD
associated with FAT may not be fully reversible, even in the setting of resumption
of menses [49-51]. Keen et al. found that, even after several years of having
resumed menstrual cycles, former amenorrheic or oligomenorrheic athletes still
exhibited only 85 % of the BMD measured in control athletes at mean §-year
follow-up [49]. A cohort of women with former intermittent menstrual dysfunction
demonstrated an intermediate recovery of BMD (95 % of that measured in con-
trols), implying that there may be a continuum of long-term consequences to bone
that are related to severity [49].

Recent studies have investigated the possible association between FAT and cardio-
vascular health. Estrogen receptors within the vascular system are involved in mediation
of endothelial-dependent vasodilation. In hypoestrogenic states, including the post-
menopausal period and FAT, decreased levels of estrogen lead to endothelial dysfunction
as an early sign of cardiovascular disease. This can be measured as decreased endothe-
lium-dependent vasodilation of the brachial artery detected on ultrasound, which has
been shown to be predictive of coronary endothelial dysfunction [52, 53]. Amenorrheic
athletes have demonstrated lower endothelium-dependent vasodilation of the brachial
artery when compared to both oligomenorrheic athletes and controls [54, 55]. One study
identified endothelial dysfunction in 64 % (n=14) of professional dancers [56]. The
association between coronary endothelial dysfunction and cardiovascular events has
been well established, indicating that the menstrual dysfunction secondary to FAT does
put patients at risk of events including myocardial infarction and stroke [57, 58].
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Conclusion

The female athlete triad exists along a spectrum of decreased energy availability
that results in a range of menstrual dysfunction and BMD. Individual components
of the triad may be present in as many as 78 % of athletes, leading to long-term
deleterious health effects. The mainstay of treatment is increasing energy availability
through a combination of increased intake and modified exercise expenditure. Much
remains to be learned, including prevalence of the triad components along the spec-
trum, as well as optimal strategies for management.
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Chapter 2
Nutritional Recommendations
for the Young and Aging Females

Alexis M. Ziemba, Emily J. Curry, Jingyi Gong, and Elizabeth Matzkin

Abstract Food selection is highly dependent upon cultural practices and regional
food availability. The United States Department of Agriculture has repeatedly made
modifications to nutritional recommendations for the nation over the past century.
The food pyramid was created in 1992 in an attempt to simplify key nutritional
points. The food pyramid was revamped in 2005 when MyPyramid was created.
Since then, MyPlate is the most widely used visual tool for nutritional education. In
the young female, proper calcium and vitamin D intake is key in the prevention of
osteoporosis later in life. Sarcopenia and osteoporosis are dual concerns for the
aging female, since both increase the risk of fractures. Sarcopenia prevention can
occur through proper nutrition, including sufficient protein intake. Exercise is also
important for sarcopenia and osteoporosis prevention. Requirements for proper
nutrition vary between patients and a patient specific approach is crucial to overall
health in the young and aging female.
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Abbreviations

ATP Adenosine triphosphate

BMI Body mass index

EAAs  Essential amino acids

IL-1 Interleukin-1

IL-6 Interleukin-6

U International Unit

LBW  Low birth weight

RDA  Recommended Dietary Allowance
rhGH  Recombinant human growth hormone
TNF-a  Tumor necrosis factor alpha

USDA  United States Department of Agriculture
UVB Ultraviolet-B

Introduction

Food choice is product of culture and geographical location. Many Asian countries
consider rice a staple, while Mediterranean countries emphasize the consumption of
olive-based products as a result of established regional cultivation practices [1, 2].
Coastal Asian regions and the Mediterranean obtain daily protein predominantly
from seafood due to coastal proximity. In contrast, meats and sweets are consumed
as infrequently as monthly due to limited availability and cultural practices.

In the United States, the United States Department of Agriculture (USDA) has fre-
quently changed the recommendations for a balanced diet. The USDA developed the
first recommendations for healthy eating as early as 1894 [3]. Since then, many efforts
have been made to educate the United States population about sufficient nutrition. Most
notably, the Food Guide Pyramid was established in 1992, which included five main
food groups: meat, dairy, vegetables, fruit, and grain in addition to fats, oils, and sweets
[3]. The USDA recommended a specific number of servings per food group; however,
there were no measurements, whether in mass or volume, to define a serving.

MyPyramid (Fig. 2.1) was developed in 2005 for a more aesthetically pleasing
model using vertical strips representing daily portions for the five main food groups
described in 1992 [4]. Exercise and recommended daily calorie intakes based on
age, gender and food volumes were included in this model, instead of servings [4].
Despite the remodeled “MyPyramid”, Gao et al. suggested that by following either
the 1992 or the 2005 food pyramid resulted in excessive calorie consumption lead-
ing to obesity [5]. However, they did indicate that “MyPyramid” was better equipped
to supply the necessary nutrients compared to the 1992 pyramid suggesting prog-
ress was made with the 2005 recommendations [5].

In response to the inadequacies of the 1992 and 2005 food pyramid, the USDA
shifted to MyPlate in 2011 (Fig. 2.2) [6]. The online nutrition site www.choosemyplate.
gov provides comprehensive sections for each of the five main food groups, describes
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foods qualifying for each food group, and specifically defines a “serving” for each food
type. MyPlate also recommends how to choose healthy foods within a group, such as
consuming 50 % whole grains instead of 100 % refined grains. MyPlate also reinforces
the importance of a balanced diet and sufficient exercise to remain healthy.

Although there are recommendations to guide patients in nutritional and lifestyle
choices, clinicians advising patients about proper dietary considerations must be
aware that proper nutrition is patient specific and is affected by age and sex. This
chapter aims to discuss the nutritional concerns for the growing and aging female
and strategies to combat problems with bone accretion and muscle atrophy.

Bone and Growth: Nutrition for Developing Girls

The skeletal system contains roughly 99 % of the body’s calcium [7]. Girls experi-
ence the maximum accumulation of calcium for bone growth around 12.5 years of
age [8]. Girls subsequently develop 40 % of the bone mass necessary for their entire
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life span during the 3—4-year pubertal growth period [7]. There are numerous causes
that prevent bone accretion and ultimately slow development, including food aller-
gies, genetic mutations, and malnutrition.

Food allergies are becoming increasingly prevalent and can cause low calcium
intake or absorption. People who have celiac disease, an inability to digest gluten,
are often found to have a low bone mineral density as a result of hypocalcemia.
Their physiological response to gluten involves increased cytokines, including
IL-1, IL-6, and TNF-«, which cause inflammation and damage to the intestinal villi.
This results in poor intestinal absorption of calcium and vitamin D. Low levels of
calcium trigger the production of parathyroid hormone, which, in conjunction with
the cytokines, acts to increase calcium absorption in the intestines and activates
osteoclasts to break down bone to increase calcium levels. Enhanced osteoclast
activity results in low bone mineral density and can lead to increased risk of fracture
[9]. If children adhere to a gluten-free diet for approximately 1 year, bone mineral
density is increased by a return-to-normal calcium absorption [10, 11]. Similarly,
lactose intolerance is also a major cause of calcium deficiency since dairy products
are a primary source of calcium. Lactose intolerance has been shown to be more
prevalent in those of African, Asian, Mexican, and Native American descent [7].

Hypocalcemia is also a result of vitamin D (a pre-pro-hormone) deficiency [12,
13]. One means of calcium absorption by intestinal villi is vitamin D-dependent
active transport. Low vitamin D levels have similar effects as low calcium levels.
Additional effects of vitamin D deficiency include a decrease in phosphate reab-
sorption by the kidney, which hinders apoptosis of hypertrophic chondrocytes. This
ultimately results in rickets, a disease of bone growth where mineralization is
impaired at the growth plates. Vitamin D can be obtained either through the diet or
from the conversion of cholesterol through UVB exposure. Those more at risk for
vitamin D deficiency are children breast-fed by vitamin D-deficient mothers, those
living in high altitudes (due to the angle of sun exposure) and greater distance from
the equator, and those with greater melanin levels. Symptoms of rickets are often
seen within 624 months and include abnormalities in bones, enlargement of bone
junctions such as the wrist, and motor skill deficiencies [12, 14].

In addition to vitamin D dietary deficiency, calcium absorption can also be
impaired regardless of vitamin D levels by polymorphisms of the vitamin D recep-
tors or enzymes involved in vitamin D metabolism [7, 14, 15]. For example, the
renal enzyme, 25(OH)D-1-a-hydroxylase, that produces the vitamin D metabolite,
1,25(0OH),D, has been targeted in the autosomal recessive disorder called vitamin
D-dependent rickets type 1 [16]. Three mutations of 25(OH)D-1-a-hydroxylase
have been identified that result in decreased 1,25(OH),D levels, which ultimately
leads to rickets [16].

Bone development is also correlated with a child’s body development and over-
all body weight. One study demonstrated that 18 % of children that did not drink
cow’s milk were overweight [17]. This could be partly attributed to the lack of cal-
cium consumption, which is involved in lipolysis of adipose tissue. Therefore, the
lack of dairy consumption simultaneously increases body fat and reduces calcium
intake for bone accrual [17]. A high body weight has also been seen as a risk factor
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of distal forearm fractures in girls, possibly due to greater adipose composition [18].
Conversely, a study that measured a number of bone characteristics related to bone
thickness, bone strength, and surrounding muscle and fat composition in children
ages 7-10 found overweight children to have a greater bone strength than normal
weight children [19]. The results suggest the greater bone strength can be attributed,
in part, to greater muscle mass.

Thus, it can also be inferred that children born with a low birth weight (LBW)
may have weaker bones due to a low muscle mass. LBW can be associated with
malnutrition and stunted growth along with other health problems during adult-
hood, such as hypertension. Around the world, women suffer from malnutrition for
economic and educational reasons. Vitamin A, iron, iodine, and/or zinc deficiencies
in women during pregnancy can result in intrauterine growth restriction and/or pre-
term delivery [20]. Vitamin A deficiency can be due to diets void of dairy, eggs, and
fruits and vegetables [20]. Physiological iodine shortage can be attributed to living
in areas that have low traces of iodine in the soil and water [20]. As with calcium,
zinc insufficiency can also be caused by eating an abundance of phytates, which
bind to minerals and prevent absorption into the body [20, 21]. One dietary cause of
anemia in children and pregnant mothers is a lack of fish, meats, and poultry in the
diet, combined with a high intake of cereals and legumes [22].

Nutritional Suggestions for Growing Girls

Children ages 9-19 should have a daily calcium intake of 1,300 mg [13]. One study
examining pubertal stage 2 girls found that they consumed an average of 830 mg
calcium/day [23]. Those whose diets were supplemented with 670 mg calcium
citrate/day, a calcium salt, had greater bone mineralization during their growth spurt
[23]. For infants, human milk is superior to formula due to greater calcium bioavail-
ability [7]. For children ages 4-8, consuming three 8-0z glasses of milk is sufficient
for daily calcium intake, while four 10-0z glasses is adequate for pubescent children
[7]. Calcium carbonate and calcium citrate can be given as calcium supplements
[13]. Calcium citrate was demonstrated to have greater bioavailability when taken
in 500 mg doses by postmenopausal women [24]. Excessive calcium intake also
poses risks, including kidneys stones, poor absorption of other divalent cations
(such as magnesium), and kidney failure [13, 25].

For lactose intolerant individuals, fermented dairy products, such as yogurt and hard
cheese, may be consumed [7]. Obtaining enough calcium is more difficult for weaned
children on a vegan diet. Nondairy foods high in calcium include soy products, leafy
vegetables, and cereals [7, 21]. However, the bioavailability of soy products is low due
to the presence of phytates, phosphorus-containing compounds that chelate ions,
including zinc, making them difficult to absorb. Other substances that make calcium
absorption difficult include excessive intake of protein, caffeine, or alcohol [7].

Exposure to sunlight and 5,000-15,000 IU/day vitamin D is recommended for
4-8 weeks to treat rickets and vitamin D deficiency [12]. As there are two types of
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vitamin D: D, or ergocalciferol and D; or cholecalciferol, there is debate about which
is more effective. One study demonstrated that administration of both types (1,000 IU/
day) for 11 weeks resulted in similar amounts of 25(OH)D, a measure of vitamin D;
however, a second study that administered 50,000 IU/week of both D, and D; saw
better sustenance of 25(OH)D levels with D3 consumption, potentially due to the
shorter half-life of ergocalciferol [26-28]. Results imply that daily administration of
either vitamin D, or D; consistently maintains necessary levels of vitamin D.

A study was conducted on children in India that were prepubertal and growth
hormone deficient. After 1 year of observation, these children were given daily
treatments of recombinant human growth hormone (thGH, 20 mg/m?*/week), rhGH,
calcium (500 mg), monthly vitamin D; (60,000 IU), or rhGH, calcium, zinc (deter-
mined by recommended dietary allowance), and monthly vitamin D;. Through the
measurement of biochemical parameters and bone mineral density, the subjects had
greater bone mineralization with growth hormone therapy and was further increased
by supplementation with calcium, vitamin D, and zinc [29].

Low birth weight due to maternal malnourishment is another cause for concern and
may be avoided by protein supplementation (700 kcal/day) [20]. Certainly, amino acids
essential for protein synthesis can be obtained in meat, poultry, and fish. As vegetarian
diets are becoming more prominent, additional sources of amino acids are needed.
Many vegetables contain the 20 essential amino acids; however, they are more difficult
for humans to utilize through digestion. Legumes, nuts, and seeds are sources that
contain plentiful amounts of protein [21]. Zinc deficiency is also more common for
vegetarians because 50 % of zinc is consumed through animal protein. As with amino
acids, zinc intake can be supplemented by eating legumes and soy products [21]. There
was a study of children with anemia in Mexican villages, age 642 months, who were
given a variation of iron treatment to remedy the problem. The treatments included an
iron supplement, an iron and folic acid supplement, a multiple micronutrient supple-
ment, a micronutrient-fortified complementary food as porridge powder, or zinc, iron,
and ascorbic acid-fortified water. The efficacy of each treatment was monitored by
measuring height, weight, and biochemical measurements including hemoglobin, iron,
ferritin, and C-reactive protein concentrations. Increased concentrations of hemoglobin
and total iron were found with each treatment; however, the iron and folic acid and
multiple micronutrient supplements were the most effective, suggesting the supple-
ments in addition to iron are important in remedying anemia. The micronutrient-forti-
fied complementary food was preferred over the supplements [22]. Iron absorption can
be enhanced by vegetable consumption that contains high levels of vitamin C [21].

Sarcopenia: Nutrition for Maintaining Muscle Mass
in Elderly Women

Sarcopenia is prevalent in the elderly population and is characterized by a loss of
muscle mass and strength. Atrophy resulting from sarcopenia decreases mobility
and increases frailty of older adults and ultimately increasing the risk of falls [30, 31].
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Elderly patients were also found to be more susceptible to sarcopenia due to greater
periods of hospitalization. Confinement to a hospital bed results in less use of mus-
cles and atrophy of those muscles. A study of hospitalized patients ages 65 and older
were found that sarcopenia correlated with older patients and longer hospital stays
[32]. Conversely, it has also been shown that the majority of muscle loss happens
within the first few days [33]. Increased protein ubiquitination, which indicates pro-
teins are being tagged for destruction, was seen 48 h after limb immobilization, sug-
gesting muscle catabolism begins almost immediately following muscle disuse [33].

Sarcopenia is also seen in elderly adults living independently. Older adults living
in North Carolina were tested on tasks, including opening jars, lifting full glasses,
using a can opener, opening cartons, and open plastic bags. The difficulty in these
activities due to poor mobility makes meal preparation and consumption difficult
and thus results in poor nutrition. Elderly adults that had greater difficulty with the
tasks were found to have lower levels of calcium, vitamin D, magnesium, and phos-
phorus, essential for the maintenance of the musculoskeletal system [34].

Malnutrition is common in older adults due to problems swallowing or chewing
as a result of mouth disease, gum disease, or poor oral hygiene. A study of Dutch
patients ages 65 and older receiving home care suggests that malnutrition due to low
protein intake is a cause of sarcopenia. The patients that had reduced mobility and
malnutrition had a greater risk of sarcopenia and they suggested that this could in
part be remedied by better nutrition [30].

Malnutrition can also be a result of muscle disuse from events such as hospital-
ization accompanied by illnesses and/or injuries that decrease appetite. One study
evaluated hospitalized patients with three different nutritional screening tests and
found that more than 55 % of the patients suffered from malnutrition [35]. A study
conducted in the Netherlands on community-dwelling, frail, and institutionalized
elderly revealed that the protein intake at breakfast in all three groups was lower
than the recommended amount. The daily protein intake for the institutionalized
was 35 % lower than the suggested average [36].

In addition to muscle disuse and malnutrition, sarcopenia is a comorbidity of obe-
sity. Obesity and sarcopenia are two interrelated conditions that affect health in the
elderly. The unfavorable fat-to-muscle ratio seen in patients with sarcopenia is exac-
erbated when a patient becomes obese [37]. Sarcopenia was found to be significantly
associated with sarcopenic obesity, a body composition condition in which obesity is
masked by increase in weight as the concomitant decrease in lean mass cancels out
the increase in fat mass. Body mass index (BMI) is usually used in defining obesity
[38]. While increased BMI is usually associated with increased body fat, it measures
body weight accounting for height and does not provide information regarding the
fat-to-muscle ratio. It is therefore possible that co-occurrence of increased body fat
and decreased muscle mass in patients with sarcopenic obesity increases health risks
without significant increase in BMI [39]. Therefore, BMI is not always indicative of
health risks associated with obesity and focusing on body composition; rather, BMI
can be helpful in assessing individuals with sarcopenic obesity in older ages [39, 40].

At the cellular level, perturbations of protein turnover have a significant effect on
sarcopenia. Studies suggest there is a downregulation of mitochondrial pathways
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involved in protein synthesis and upregulation of genes implicated in protein degra-
dation by 14 days following limb immobilization [33]. Increases in the rate of pro-
tein breakdown and decreases in the rate of protein synthesis contribute to the loss
of muscle mass in sarcopenia. Generally, there is a daily protein turnover rate of
1-2 % [41]. While the primary effect of muscle disuse is loss of muscle mass, bone
mineral density also decreases due to muscle disuse. Unilateral limb suspension
resulted in decreases in the bone mineral density of the distal tibia epiphysis [42].
Losses in calcium result in increased bone frailty in addition to muscle mass and
strength. Men have significantly higher skeletal muscle mass and bone mineral den-
sity compared to women, so this result is more profound in women [43, 44].

Nutritional Suggestions for the Elderly

A high protein diet has been implicated in better overall health in elderly patients.
An abundance of protein enables protein synthesis, which is essential for build-
ing muscle mass. Greater muscle mass allows for greater strength, which ulti-
mately decreases the risk of falls and allows the elderly an increased quality of
life, including easier meal preparation and increased mobility to socialize with
friends [45].

Studies advocate various forms of protein supplementation for skeletal muscle
maintenance. A decrease in whole-body protein synthesis can be seen in as little as
7 days of bed rest [46]. With consumption of 0.6—1.0 g/kg protein (from caseinates
and soy protein), improvement was seen in leucine metabolism kinetics to levels
that were similar to the non-bed rest control [46]. Furthermore, a study by Campbell
et al. showed a gradual decline in urinary nitrogen excretion and decreased mid-
thigh area in older individuals consuiming the recommended dietary allowance
(RDA) for protein (0.8 g protein/kg/day) [39, 47]. This finding suggests that more
protein should be ingested by healthy older individuals. Maintaining an intake of
25-30 g protein per meal has been shown to most effectively promote muscle
protein synthesis in older ages and therefore can be recommended for sarcopenia
prevention in the elderly [39, 48].

Results have shown that protein sources that are easier to digest and those with
higher leucine content are more effective at initiating de novo protein synthesis in
muscle [49-52]. Hydrolyzed casein has been shown to be more effective than intact
casein at increasing postprandial amino acid concentration in elderly men, and whey
protein, which has a high leucine content and is even more readily digestible, was the
most superior in triggering protein synthesis in elderly men [49, 50]. Unfortunately,
the same conclusions cannot be generalized to women, because the literature is
lacking in studies looking specifically at findings for women. However, studies have
shown that diets supplemented with greater levels of leucine (0.052 g/kg) result in
greater plasma leucine concentration and fractional synthesis rate 5 h after eating [51].
There is also evidence that the infusion of leucine increases the retention of amino
acids through protein turnover modulation by inhibiting protein catabolism [52].
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Other studies infer that increased essential amino acid consumption may not be
sufficient in the elderly population. Dardevet et al. discussed the idea of the anabolic
threshold concept which states that as a side effect of aging, the body loses sensitivity
to the hormones and amino acids that are able to initiate protein anabolism and thus
requires greater amounts [53]. Consuming subthreshold levels results in muscle atro-
phy. Despite many studies suggesting the intake of more leucine to be sufficient, the
anabolic increases are transient and may not have an overall effect on muscle atro-
phy. Thus, Arnal et al. have employed the “protein pulse feeding” method which
involves the consumption of 80 % of the recommended daily protein to be consumed
in a single meal; this results in a prolonged anabolic response and ultimately prevents
atrophy [54]. A study of women over the age of 68 saw greater protein retention in
women who consumed the protein in a protein pulse manner for 14 days [54].

Consuming too much protein to reach the anabolic threshold can cause addi-
tional problems, particularly in elderly patients who often have renal problems.
Thus, the restoration of the normal anabolic threshold by reducing inflammation
and increasing cytokine presence (i.e., IL-6) that are associated with increased mus-
cle loss would be a more ideal approach [53]. One possibility for returning the
anabolic stimuli threshold to normal levels is through physical activity [53].

In addition to various forms of protein consumption, other studies advise supple-
menting diets with creatine. In one study, creatine (5 g, four times daily) prevented
muscle atrophy and weakness compared to placebo control in young men immobi-
lized in a cast [55]. This study should be considered with caution because the female
population was not assessed for the overall use of creatine in the prevention of
muscle atrophy. However, overall, the protective properties of creatine could be
attributed to increases in phosphocreatine, which is hydrolyzed to form ATP in skel-
etal muscle, in addition to increasing glycogen storage [41, 56].

To combat a general lack of energy intake in the elderly due to one of the many
possible reasons for low consumption, snacking is important. It has been found that
patients aged 60 and older who snacked more frequently (more than four times per
day) and acquired 20-30 % of their daily energy from snacking had a faster gait
[57]. However, trying to compensate for muscle loss by overeating without dis-
crimination about food type will not prevent or reverse muscle atrophy; but instead,
as would be expected, will lead to obesity. [41] For sarcopenic obesity management,
energy restriction alone could lead to reduction in both fat and muscle mass, pro-
moting an unfavorable ratio of body fat to muscle. Instead, daily energy intake
should be reduced by no more than 956 kcal/day [37].

Supplementation of high-quality protein has also been considered in managing
sarcopenic obesity [39]. Both whey protein and essential amino acids (EAAs) have
been shown to promote weight loss in obese elderly individuals with modest loss of
muscle mass [58]. EAAs have been suggested to positively affect protein synthesis
through the AKT/mTOR signaling pathway [59]. Resistance exercise followed by
ingestion of EAAs, especially leucine, with carbohydrate (EAA + CHO) can stimu-
late the signaling pathway [60].

A study looking at adults over the age of 60 (BMI 17-25) found that those who
had a higher daily consumption of calcium had a lower incidence of sarcopenia [61].
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Table 2.1 Recommended Age Calcium recommended
calcium intake Sex (years) daily allowances (mg)

Male and female 9-18 1,300

Male and female 19-50 1,000

Female 51-70 1,200

Male 51-70 1,000

Male and female >70 1,200

Female — pregnant Teen 3,000

and breast-feeding
Female — pregnant Adult 2,500

and breast-feeding

Adapted with permission from Ross et al. [66]

Table 2.2 Recommended protein intake for the elderly

Form of protein General [47] Essential amino acids [48] Leucine [51]
Daily intake 0.8 g/kg 16.5 g x5 0.052 g/kg

Previous studies have shown that high calcium intake results in a lower adipose
content [62]. Greater daily calcium intake could control sarcopenia in non-obese
patients, but also obese patients by both lowering body fat (stopping the permeation
of fat to skeletal muscle) and preventing the loss of muscle mass [61].

Due to its role in calcium absorption, low levels of vitamin D have also been
shown to impair mobility. One study examined the levels of 25-hydroxyvitamin D
in subjects ages 60 and older [63]. When doing an 8-ft walk test and sit-to-stand test,
patients with 25-hydroxyvitamin levels greater than 40 nmol/L completed the tasks
faster and thus had better musculoskeletal function [63]. Furthermore, in a study of
women ages 63 and older, the women were given 1,200 mg calcium and 800 U
vitamin D in the form of cholecalciferol per day. Over a 3-month period, these
women saw a 49 % reduction in falls compared to before diet supplementation [64].

Conclusions

Bone accretion and muscle maintenance are essential for mobility of growing girls
and aging women, respectively. Adequate nutrition in young girls can be impacted by
allergies, genetic mutations, and their pregnant mother’s diet. The developing child
requires a diet abundant in calcium and vitamin D to increase bone mineral density
(Table 2.1) [65]. Low consumption of either can result in the bone dysmorphia dis-
ease and rickets and increases the risk of osteoporosis later in life.

There are many health and environmental factors that result in muscle atrophy in
elderly women. Studies suggest the consumption of foods high in amino acids pro-
mote protein synthesis, but caution is necessary to avoid too much fat intake in the
process (Table 2.2). Furthermore, leucine has been shown to be the most effective
in modulating protein turnover rates because it not only promotes protein synthesis
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but also has been shown to inhibit catabolism. In both cases, proper nutrition should
be accompanied by physical activity, which is necessary for musculoskeletal main-
tenance and continued mobility.
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Chapter 3
Women’s Bone Health: Breathing
Life into the Skeleton

Margaret Seton

Abstract The shape and size of bones define our physical selves and provide
protection for internal organs and leverage sites for muscles. These mechanical
properties of the skeleton create a static image of bone health, with impaired micro-
architecture of bone and consequent fracture hallmarks of tissue failure. Yet bone is
constantly created, modeled, and remodeled throughout the course of a woman’s
life, and its structure and health are intimately involved with calcium metabolism
and sustenance of bone marrow cells. This chapter will discuss the systemic and
local factors that affect bone health throughout the life of a woman, emphasizing the
vulnerable, living quality of bone that is often lost in translation when tests are
interpreted and treatments recommended.

Keywords Bone remodeling ® Bone growth ¢ Vitamin D ¢ Osteoporosis ¢ Fracture
e Calcium * Bone health

Introduction

The shape and size of bones define our physical selves and provide protection for
internal organs and leverage sites for muscles. These mechanical properties of the
skeleton create a static image of bone health, with impaired microarchitecture of
bone and consequent fracture hallmarks of tissue failure. Yet bone is constantly cre-
ated, modeled, and remodeled throughout the course of a woman’s life, and its
structure and health are intimately involved with calcium metabolism and suste-
nance of bone marrow cells. This chapter will discuss the systemic and local factors
that affect bone health throughout the life of a woman, emphasizing the vulnerable,

M. Seton, MD

Department of Rheumatology, Immunology, and Allergy,
Brigham and Women’s Hospital, 75 Francis Street,
Boston, MA 02115, USA

e-mail: mseton@partners.org

E. Mody, E. Matzkin (eds.), Musculoskeletal Health in Women, 29
DOI 10.1007/978-1-4471-4712-1_3, © Springer-Verlag London 2014



30 M. Seton

living quality of bone that is often lost in translation when tests are interpreted and
treatments recommended. It is written with the intent to provide an overview of
bone health in women, and to highlight current controversies.

Fetal Growth and Development

The fetal skeleton is formed predominantly by a process called endochondral bone
formation, in which an anlage of the skeleton is laid down by chondrocytes, before
osteoblasts are recruited to replace this with bone. Of the 206 bones formed by the
skeleton, each bone is distinct, defined by its location and function and whether it
informs the shape of the right or the left. Signaling in the growth plate, vascular
invasion, and chondrocyte alignment all affect this process. Movement of the fetus
is critical in defining bone shape and strength. By 9 weeks, the skeletal patterning
has occurred [1]. Errors in the quality of collagen deposition (osteogenesis imper-
fecta), the timing and efficacy of mineralization (hypophosphatasia), and the defini-
tion of skeletal shape by chondrocytes (achondroplasia) result in impaired skeletal
strength and function for the life of the individual. Many of these mutations are
sporadic; some are inherited as autosomal dominant, some as recessive. Some of
these mutations are associated with advanced paternal age.

During the 2nd and 3rd trimesters of pregnancy, adequate growth and mineraliza-
tion of bone is required, and dramatic changes in 1,25-dihydroxyvitamin D (cal-
citriol) occur in the maternal circulation to effect this [2]. Maternal vitamin D
insufficiency has been linked to increased risk for intrauterine growth retardation,
preeclampsia, gestational diabetes, and higher rates of caesarian section [3]. How
much vitamin D and in which populations were questions explored in a randomized
clinical trial of supplementation in an endemically vitamin D-deficient Arab popula-
tion. The findings from this study argue that vitamin D3 4,000 IU daily is safe and
effective in ensuring adequate maternal vitamin D without adverse events [4]. While
vitamin D sufficiency seems essential in fetal health, controversy exists whether
maternal vitamin D insufficiency has long-lasting effects on skeletal health [5—8].

Screening by amniocentesis and imaging by ultrasound can begin to detect muscu-
loskeletal abnormalities in utero. The ethical argument about how best to manage
these findings is being raised by medical and laypersons across the country. Does
early termination of pregnancies marked by Down’s, achondroplasia, or osteogenesis
imperfecta deprive a population of diversity and the human obligation of kindness
[9]? Many who inherit these diseases struggle for identity and accommodation.

Childhood and Adolescence

The median age of menarche in the USA is 12.5 years, with 90 % of adolescent girls
beginning their menses by age 13 [10]. Why this is critical to bone health has to do
with the determinants of peak bone mass, which include normal puberty, regular
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menses, normal weight, and adequate nutrition. Children grow comparably during
early childhood, but with puberty, girls with robust bones will grow differently from
those with slender bones. Girls with small build tend to have endocortical infilling
by age 8, 3 years earlier than their large-boned counterparts, and tend to have more
porous bones in which there is cellular suppression of remodeling [11]. Not only
does structure of these bones convey different thresholds for enduring extreme
stress, such as military training, but the bone composition seems to carry different
cellular physiology as well.

As systems biology is sorting out the consequences of altered cellular physiology
on the structural integrity of bone [12], there are some clarion issues during adoles-
cence in terms of skeletal health. This is when most growth — hence bone modeling —
occurs over the 3 years or so before epiphyseal closure. Normal menstruation,
estrogen levels, and nutrition are critical at this time. The bone mass accrual that
occurs after puberty reflects mostly cortical bone apposition. Once peak bone mass
is achieved by the mid-20s to early 30s, this will define a set point in a woman’s life.
Just as in fetal health, there is this window for skeletal patterning, so in adolescent
health there is a window for bone growth and accrual of mass. Anorexia nervosa [13,
14], the female athlete triad [15], and drugs such as Depo-Provera [16] may result in
lasting consequences to the skeleton, and teenagers should be screened for these
issues. Adolescents should be counseled to receive adequate calcium, vitamin D, and
caloric intake, avoid alcohol, and resist cigarette smoking.

Because of the changing size and shape of bones, bone mineral density examina-
tions should be avoided in childhood and adolescence, as there is a tendency to
compare them with normal young adult data, to misinterpret the Z scores, to report
osteoporosis when none exists, and to overlook discrepancies in bone age. If needed,
a bone mineral density in a child or adolescent should be done in a pediatric center
familiar with these considerations. Fractures do occur at this age, and reflect rate of
bone growth and vulnerable skeletal integrity. Some fractures occur simply due to
excessive force or trauma. Studies have been published that address the question of
whether childhood fracture predicts a fragility fracture later in life [17, 18]. The
answer seems to be no.

Adolescence is a complicated time for all children but marked by significant ill-
ness in some. Depression, neuromuscular diseases (cerebral palsy), cancer, asthma,
and juvenile inflammatory arthritis occur at this age; obesity is epidemic. These
may result in inactivity, compromised height (steroids or chemotherapy), and com-
plications of growth plates and modeling (micrognathia, leg length discrepancies,
slipped capital femoral epiphysis, scoliosis, and spondylolisthesis). Endocrinopathies
(delayed onset menses), inherited disorders of connective tissue (Marfan’s), and
storage diseases (Gaucher’s) may all complicate skeletal growth and development.

As we do not know how to duplicate this phase of bone growth and bone mass
accrual that occurs in early adolescence, these diseases may have devastating events
in bone health. The safety of bisphosphonates has a mixed record in this population,
diminishing fractures in some (osteogenesis imperfecta) [19, 20] and improving bone
mineral density in others (anorexia nervosa) [13, 14]. Whether this will translate into
significant gains in bone quality or in bone health in adults remains unclear [21]. It
should be stressed that despite efficacy by the measurement of some parameters, e.g.,
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bone mineral density or decreased fracture risk, there is no study on long-term safety
in this vulnerable population [22, 23].

The importance in thinking of bone as vital tissue that is constantly remodeled is
exemplified by this use of bisphosphonates in young women. These drugs have a
long half-life in bone and are gradually released from the bone matrix over months
to years. Their mechanism of action is usually one of inhibiting farnesyl synthase,
an enzyme critical in the prenylation of small G proteins. This interferes with cyto-
skeletal rearrangement necessary for bone resorption. As we learn about bone turn-
over, we are beginning to understand that osteoclasts play an important role in
balancing the skeletal needs for repair, the body’s needs for calcium, and the signals
involved in bone formation [24]. Disturbing this interplay of bone cells with their
environment should be done cautiously in the young and with specific endpoints of
easing disease manifestations such as fragility fracture, rather than surrogate mark-
ers of bone turnover such as bone mineral density or bone turnover markers.

The creep of bisphosphonates into the premenopausal population where they are
used for non-life-threatening diseases — such as accelerated bone loss in inflamma-
tory rheumatic diseases and in patients with glucocorticoid-induced bone loss — has
been largely unstudied in these terms. The bisphosphonates are classified as cate-
gory C drugs by the FDA (alendronate (Fosamax), risedronate (Actonel), zoledronic
acid 4 mg (Zometa)) and category D (pamidronate (Aredia), zoledronic acid 5 mg
(Reclast)). As the FDA writes “There are no adequate and well-controlled studies in
pregnant women.” Animal studies do show these drugs pass through the placenta
and are adsorbed by fetal skeletons. Although the only data we have on pregnancy
in humans are scattered case reports, there remains a serious risk of harm intuited
from animal data. Women should be counseled not to become pregnant while taking
these drugs [25-28]. There is a brief discussion of this by Dr. Susan Ott in the http://
courses.washington.edu/bonephys web pages under Normal Pregnancy in which
these case studies are cited.

Pregnancy itself does not confer a risk for lifelong osteoporosis in most women.
Calcium recruited from the maternal skeleton for fetal and then newborn health
seems rapidly restored as breast-feeding ends. Rarely, regional or systemic osteopo-
rosis complicates pregnancy in a woman.

Premenopause

It is clear that bone loss is occurring in some women before menopause.
Premenopausal fractures may indicate risk or predict subsequent fracture in this still
young population [29, 30]. Estrogen deficiency might be treated with hormone
replacement therapy until the normal age of menopause (about 52 years) if there is
no contraindication. Drugs enhancing bone loss should be identified — aromatase
inhibitors, proton pump inhibitors, steroids, and thiazolidiones — and discontinued
when possible. Calcium must be sufficient in the diet and supplemented when not.
Calcium is best taken with food. Malabsorption should be sought as one factor that
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Table 3.1 Some Age
determinants of bone loss and
fracture risk

Caucasian
Maternal hip fracture
Genetics
Endocrinopathies
Hyperparathyroidism
Hyperthyroidism
Cushing’s disease
Rheumatoid arthritis
Anemias, thalassemias
Inflammatory bowel disease
Drugs
Glucocorticoid are steroids
Cancer therapies
Proton pump inhibitors
Cigarettes
Alcohol
Weight loss >10 1bs
Vitamin D deficiency
Malabsorption
Celiac sprue
Risk of falls
Initiation of blood pressure medications
Institution of narcotics
Stroke
Instability of gait
Muscle weakness

may contribute to impaired nutrition and mineralization. Exercise, reasonable sun-
light, and vitamin D 800-1,000 IU daily should be ensured. A dogmatic approach
to low bone mineral density reports should be avoided. Fracture is less common in
younger women, and evaluation for secondary causes of osteoporosis should be
aggressive (Table 3.1).

Postmenopause

The issue that brought bone health to the forefront of medicine was the emergence
of drugs effective in the treatment of osteoporosis. According to the World Health
Organization, there are an estimated 8.9 million fractures annually in the world. As
America ages, this risk of fracture and the attendant morbidity and mortality it
incurs are the subject of the rest of this chapter. The premise in this discussion is an
understanding that postmenopausal bone is not the same as young bone and that in
menopause with the loss of estrogen, there is enhanced remodeling with imperfect
bone formation in response to bone resorption. Adipocytes become more prevalent
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Fig. 3.1 Age as a determinant of fracture risk plotted against bone mineral density (Used with
permission from Heaney [76])

in bone marrow and seem to play a role in driving some aspects of bone loss with
aging [31]. Genetics play a significant role in the development of osteoporosis, and
the concomitants of aging — osteoarthritis, gait instability, muscle weakness, and
medications resulting in altered mental status or blood pressure changes — contrib-
ute to falls. In this population, intervention is safe and effective and should be
undertaken.

Osteoporosis is defined as a skeletal disorder in which impaired microarchitec-
ture of bone leads to a higher risk of fracture. Perhaps a natural process of aging,
this has become a significant health problem as women live longer. Nearly 40% of
Caucasian women will suffer an osteoporotic fracture in her lifetime; The ability to
diagnose osteoporosis by bone mineral density has given physicians a chance to
alter the consequences of this by improving bone strength with medication, dimin-
ishing bone loss, and thus decreasing the risk of fracture. Bone mineral density has
proven an excellent correlate for fracture when interpreted in light of the patient’s
age and risk factors for fracture (Fig. 3.1) [32, 33].

Bone mineral density (BMD) interpretation depends on accurate positioning and
appropriate interval testing to ensure a meaningful interpretation of the test. This is
because bone loss is subtle in osteoporosis, and intervals of testing <2 years in
untreated women will tend to result in variation rather than true difference.
Interpreting bone mineral density changes from readings done on different BMD
machines is difficult. A recent study on the indication for repeat testing by BMD
argued that for those women with early osteopenia or normal BMD, the study might
be repeated every 15 years rather than every 2 years [34]. This might be a bit
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Fig. 3.2 Fracture rates in women and women with fracture as plotted against BMD (Used with
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dogmatic, as some women may be edging towards an indication for treatment based
upon fracture risk assessment (see below), and it may be prudent to repeat BMD
more frequently. While rates of fracture increase with age, the number of women
with extant fractures are those with osteopenia. A good discussion on the evaluation
and treatment of osteopenia may be found in a clinical case study written to address
this in the New England Journal of Medicine 2007 (Fig. 3.2) [35, 36].

Wrist fractures occur early in postmenopausal women, followed by rising rates
of spinal compression fractures by age 65 and hip fractures by 70. The epidemiol-
ogy of fracture accounts for the recommendations by the National Osteoporosis
Foundation that a woman be screened for osteoporosis at age 65 by BMD, earlier if
she has identifiable risk factors for fracture. Prior fracture, increasing age and
maternal history of hip fracture are some of these indications for early screening. In
an effort to calculate the absolute risk of hip and other fractures in women, the
FRAX was developed, which is an online fracture risk assessment tool that uses the
BMD at the hip, the patient’s age, and corresponding risk factors to develop a
10-year risk of fracture [77]. While FRAX is an imperfect tool, since it fails to assess
bone loss in the spine and fails to account for prior treatment, it is useful for creating
a threshold for treatment. FRAX also helps women put into real terms their own
personal fracture risk.

It is easy to treat a postmenopausal woman for osteoporosis, and yet our inclina-
tion to do so seems marginal [37, 38]. Even if we do write out a prescription for a
bisphosphonate, compliance with the medication is poor without good communica-
tion about goals and length of treatment with the patient. In the USA, bisphospho-
nates, raloxifene, estrogen, denosumab, and teriparatide are available for the
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treatment of osteoporosis. Their indications, complications, and controversies are
reviewed in Table 3.2, where references are provided for each of these issues.

Vitamin D and calcium are essential to ensure the proper mineralization of bone,
but by themselves will not mitigate the risk of bone loss in the early postmenopausal
years. There may be some efficacy in fracture reduction in their use in the elderly
[67]. This is an active area of research [68].

There has been considerable controversy in the literature about the role vitamin
D and calcium play in preventing osteoporotic fractures and the risk of supplemen-
tal calcium in the epidemiology of renal stones and cardiovascular disease [69-72].
Despite these arguments in the literature, all women deserve adequate nutrition for
bone mineralization. If they are unable to achieve this through dietary calcium, then
supplements are needed to achieve a calcium balance near 1,200 mg daily for older
adult women. Generally, vitamin D3 800-1,000 IU daily reflects adequate intake.
This information is readily available to the public on the National Osteoporosis
Foundation website (www.nof.org) and the National Institutes of Health,
Osteoporosis and Related Bone Diseases (www.niams.nih.gov).

Many patients with end-stage renal disease have poor bone quality, and some
have adynamic bone disease. Antiresorptive drugs — bisphosphonates and deno-
sumab — are probably poor choices in the setting of low bone turnover. Concurrent
metabolic problems such as hyperparathyroidism and elevated FGF23 indicate
other insults to bone. Teriparatide is not an option in this setting. While renal trans-
plant patients are routinely given intravenous bisphosphonates prior to transplanta-
tion in an effort to mitigate the high risk of posttransplant fracture, there is no clear
physiologic basis for this [73, 74].

In postmenopausal women, glucocorticoid therapy is associated with a high risk
of fracture, particularly vertebral compression fracture, even in those with normal
bone mineral density. Bisphosphonates and teriparatide [66] have demonstrated
efficacy in mitigating this fracture risk and should be instituted within weeks to
months of initiating therapy. Controversy exists around the wisdom of using antire-
sorptive agents such as the bisphosphonates in such settings [75], but these theoreti-
cal concerns have not yet been translated into clinical practice guidelines or current
recommendations.

As “women hold up half the sky,” they have been a vulnerable target for drug
companies. There is direct marketing to the consumer. Estrogen, once on the cover
of Time magazine as “every woman’s dilemma” June 1995, was transformed from
a positive intervention to one filled with more risk than benefit. In addition, the
rapid newspaper coverage of toxicities and the changing impressions of the aca-
demic community on the wisdom of estrogen, calcium, and vitamin D use have left
both patients and practitioners bewildered. Understandably, women have become
more skeptical of these medications due to post-marketing reports of complications
(atypical femoral fractures, osteonecrosis of jaw). Still, in the postmenopausal pop-
ulation, there is much good to be gained from prudent use of these drugs.

By thinking about bone as a living tissue and by understanding the impact of
drugs on bone and the controversies that surround bone health, it is possible to
weigh the benefits and risks of each of these medications in a woman’s life. My own
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Table 3.2 Overview of medications in postmenopausal women with osteoporosis

Bisphosphonates
Indications

What recommends these?

Randomized clinical trials
Complications

Controversy

Ease of administration

Selective estrogen receptor
modulator

Indications
What recommends this?

Randomized clinical trials
Complications

Calcitonin

Indication

Randomized clinical trials

Complications

Controversy

Ease of administration

Hormone replacement
therapy

Indications

What recommends this?

Randomized clinical trials
Complications

Rank-ligand antibody

Alendronate, risedronate, and zoledronic acid

Postmenopausal osteoporosis, prevention of osteoporosis,
glucocorticoid-induced osteoporosis, Paget’s disease of bone

Ibandronate is indicated in the treatment and prevention of
osteoporosis, proving most efficacious in reducing vertebral
fractures; unproven in reducing hip fractures [39]

Inexpensive, easy oral regimens and effective in osteoporosis

Generally expect a 60 % reduction in vertebral fractures, 40 %
reduction in hip fractures; and improvement in BMD

Yes, demonstrating efficacy and safety [40—42]

Common: flu-like symptoms with initial use, more common with
infusions; bone pain; asymptomatic, transient lowering of serum
calcium; GI distress/esophageal ulcers with oral medications;
unstudied in patients with CrCl <30 ml/min

Uncommon: osteonecrosis of the jaw

Rare: atypical femoral fracture [43, 44]

Acute renal failure [45]

Iritis [46]

Atrial fibrillation, both negative and positive findings [47, 48]

Esophageal cancer: rare cancer in women; data conflicting, no proof
to date [49, 50]

Poor oral absorption: need to take on rising with 8 Oz of water and
remain upright with no food or drink for 30—60 min

Raloxifene

Osteoporosis, treatment and prevention

Postmenopausal breast cancer, treatment and prevention

Inexpensive, well-tolerated, breast cancer prevention trials, cardiac safety

Reduces vertebral fractures, no proven efficacy in hip fractures

Yes, demonstrating efficacy and safety [51, 52]

Thromboembolic disease, hot flashes, vaginitis, stroke in women
with known coronary artery disease

Postmenopausal osteoporosis

Yes [53, 54]

Nausea, flushing, hypotension, allergic reaction, nasal irritation
Increased prevalence of malignancy [55]

Nasal spray generally well tolerated

Estrogen with or without progesterone [56, 57]

Postmenopausal symptoms (indicated), prevention of postmeno-
pausal osteoporosis (no longer advised as sole reason for use)

Inexpensive, effective, eases postmenopausal symptoms

Yes

Thromboembolic disease, [58] cardiovascular disease, [59] invasive
breast cancer [60]

No protection against Alzheimer’s or colon cancer

Effective in reducing risks of hip and vertebral fractures

Denosumab

(continued)
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Indications

What recommends this?

Randomized clinical trials
Complications

Ease of administration
Parathyroid

Indications

What recommends this?

Randomized clinical trials
Complications

Ease of administration

Postmenopausal osteoporosis in women with high risk of fracture,
prevention of bone metastases in patients with solid tumors;
giant cell tumor; and settings in which androgen/estrogen
deprivation therapy is used for cancer therapy

Effective in postmenopausal osteoporosis, metabolism safe in renal
disease (although not clear it is beneficial in this setting)

Yes [61]

Eczema, cellulitis, osteonecrosis of jaw [62]

Uncommon: profound hypocalcemia [63]

6-month duration, then rebound of bone resorption

Expensive

By injection every 6 months

Teriparatide

Osteoporosis (severe), glucocorticoid-induced osteoporosis

Anabolic agent, effective in building bone and reducing fracture

Generally expect a 60 % reduction in vertebral fractures and 40 %
reduction in hip fractures and improvement in BMD

Effect transient, may be more potent in combination with other
drugs used for osteoporosis

Safety in 7-year surveillance good [64]

Yes [65, 66]

Contraindications: prior radiation therapy; Paget’s disease of bone,
cancer metastatic to bone; hyperparathyroidism; others

Common: transient lowering of blood pressure, elevations in serum
calcium, nausea

Rare: osteosarcoma (in rat models)

Expensive

Daily by injection for 2 years

recommendation is to limit skeletal exposure to these long-acting bisphosphonates,
consider drug holidays after 3-5 years in the postmenopausal woman with osteopo-
rosis, and reassess the need for these drugs at all in women of childbearing years.
The references are meant as an updated guide to these issues.
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Chapter 4
Upper Limb Nerve Entrapment Syndromes

Nicholas K. Muraoka and Jennifer Baima

Abstract The median nerve is formed by contributions from the lateral and medial
cords of the brachial plexus. Signs and symptoms of a median neuropathy include
dysesthesias of the first four fingers in a median distribution, hand pain, and thumb
weakness, or atrophy of the thenar eminence. Median nerve compression at the
wrist, or carpal tunnel syndrome, is the most common nerve entrapment syndrome.
Pregnancy and hormonal factors may contribute to median nerve compression in
the female wrist.

The second most common nerve compression site is the ulnar nerve at the cubital
tunnel. Anywhere from 3 to 20 mm after the ulnar groove, the nerve runs in the
cubital tunnel, formed beneath the two heads of the flexor carpi ulnaris muscle.
Signs and symptoms consistent with ulnar neuropathy include intrinsic hand muscle
weakness resulting in loss of dexterity and grip strength. Sensory symptoms are not
as prominent as motor symptoms in an ulnar neuropathy. If present, the area affected
will be the dorsal fifth and medial fourth digits as well as the medial hand. Typically,
males have a higher prevalence of ulnar neuropathy than females.

The posterior cord of the brachial plexus gives off the axillary, thoracodorsal,
and subscapular nerves before terminating as the radial nerve. Radial neuropathy at
the spiral groove will present as wrist- and finger-drop but spares elbow extension
since the muscular branches to the triceps brachii and anconeus muscles arise proxi-
mally to the spiral groove. In a superficial radial sensory neuropathy, there will be
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sensory disturbance of the lateral dorsal hand and thumb plus the dorsal proximal
phalanges of digits 2, 3, and 4.

The suprascapular nerve comes off the upper trunk of the brachial plexus proxi-
mally and contains C5 and C6 innervation. The nerve runs posteriorly under the
trapezius and travels through the suprascapular notch of the scapula into the supra-
spinous fossa to innervate the supraspinatus muscle. Volleyball, tennis, dancing,
painting, pitching, and other overhand throwing are activities that have been associ-
ated with suprascapular neuropathy. There is no known gender association.

Traumatic injuries to the brachial plexus are the most common etiology of brachial
plexopathies. Breast cancer, lymphomas, and lung cancer are the most frequent cause
of lymphadenopathy causing plexopathy. Radiation treatment protocols often include
the region of the brachial plexus, especially for treatment of lymphomas and breast,
lung, and neck cancers. Idiopathic brachial plexopathy is more common in males.
Nonneoplastic mass effects may occur, such as hematomas from internal jugular cath-
eters or vascular abnormalities like arteriovenous malformations or aneurysms.

Keywords Median neuropathy ¢ Carpal tunnel syndrome ¢ Ulnar neuropathy
* Radial neuropathy

Introduction

Many nerves exit the cervical spine and cross in the brachial plexus to innervate the
muscles and skin of the shoulder and arm. Nerves can malfunction from direct com-
pression or a metabolic or toxic process. This chapter will focus on compressive
syndromes of the upper limb. We will review the most common nerve entrapment
problems, carpal tunnel syndrome (median nerve) and cubital tunnel syndrome
(ulnar nerve), as well as the less common radial nerve entrapment. We will explain
the more common presentations of brachial plexopathy and how these problems
may be different in women than men.

Median Neuropathy

Anatomy

The median nerve is formed by contributions from the lateral and medial cords of
the brachial plexus. Individually, the lateral cord is made up of C6-C7 fibers and
provides sensory fibers to the thenar eminence, thumb, index, and middle fingers
and motor fibers to the proximal median forearm muscles. The medial cord is made
up of C8-T1 fibers and provides sensory fibers to lateral half of the ring finger and
motor fibers to the median muscles of the distal forearm and hand.
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The median nerve is located medial to the humerus in the arm and lies ante-
rior to the medial epicondyle of the humerus. In the antecubital fossa, the median
nerve runs with the brachial artery and dives deep to the lacertus fibrosis, which
is a thick fibrous band that runs from the medial aspect of the biceps tendon to
the proximal forearm flexors. The median provides innervation to the pronator
teres as it travels between the two heads of the muscle at the medial epicondyle.
The median nerve also innervates the flexor digitorum sublimis and, in some,
the palmaris longus muscle. The median nerve continues distally in the forearm
and gives motor control to the flexor carpi radialis and the flexor digitorum sub-
limis before it runs below the tendinous origin of the flexor digitorum sublimis
(sublimis bridge).

The ligament of Struthers is an anatomical variant that may have some clinical
significance. This is a fibrous band between the medial epicondyle and an accessory
supracondylar bony prominence at the distal medial humeral shaft that exists in
about 1-2 % of the population. Clinically, this can cause an entrapment syndrome
of the median nerve as well as the ulnar nerve.

The anterior interosseous nerve is a motor nerve that is given off posteriorly
from the median nerve approximately 5—8 cm distal to the medial epicondyle. The
anterior interosseous nerve innervates the medial head of the flexor digitorum
profundus (index and middle fingers), flexor pollicis longus, and the pronator
quadratus. The anterior interosseous nerve does not carry cutaneous Sensory
fibers, but does carry deep sensory fibers to the wrist and the interosseous mem-
brane of the forearm.

The palmar cutaneous sensory branch of the median nerve is given off just
proximal to the wrist and supplies sensation to the thenar eminence. At the wrist,
the median nerve travels in the carpal tunnel, along with nine tendons (four from
the flexor digitorum profundus, four from the flexor digitorum sublimis, and one
from the flexor pollicis longus). See Fig. 4.1 for schematic of the anatomy of the
carpal tunnel. In the palm, the median nerve splits into the sensory branch that
innervates the medial thumb, index finger, middle finger, and lateral half of the ring
finger via digital sensory branches and the motor branch that innervates the first
and second lumbricals before giving off the recurrent thenar motor branch, which
innervates the opponens pollicis, the abductor pollicis brevis, and the superficial
head of the flexor pollicis brevis.

Possible sites of entrapment of the median nerve include: (1) the medial and lateral
aspect of digits 1-3 and lateral aspect of digit 4; (2) at the carpal tunnel, formed by the
transverse carpal ligament passing over the carpal bones at the wrist; (3) at the liga-
ment of Struthers, where it passes with the brachial artery into the forearm; (4) beneath
the lacertus fibrosis at the antecubital fossa; (5) as it passes through the pronator teres
in the proximal forearm; and (6) beneath the sublimis bridge in the proximal forearm.
Clinically, pronator syndrome refers to median nerve entrapment at any of the last
three sites (beneath lacertus fibrosis, in the pronator teres muscle, and beneath the
sublimis bridge). Of note, median nerve entrapment at the wrist in the carpal tunnel is
the most common of all entrapment neuropathies [1].
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Fig. 4.1 (a, b) Anatomy of the carpal canal. (a) Typical median nerve and hand anatomy at the
level of the transverse carpal ligament. (b) Carpal tunnel cross-sectional anatomy. / Trapezium
tubercle, 2 hook of the hamate, 3 transverse carpal ligament, 4 palmar carpal ligament, 5 thenar
muscles, 6 hypothenar muscles, 7 flexor carpi radialis tendon, 8 flexor digitorum superficialis
tendon, 9 flexor digitorum profundus tendon, /0 flexor pollicis longus tendon, // median nerve, /2
ulnar artery, vein, and nerve superficial branches, /3 ulnar artery, vein, and nerve deep branches
(Used with permission from Kang and Gupta [65])

Epidemiology

A population-based retrospective study in Rochester, MN, over 19 years identified
the incidence of carpal tunnel syndrome (CTS) in females to be 149 per 100,000
versus only 52 per 100,000 in males, which puts the ratio of females to males at 3:2
[2]. A subsequent study of the same population revealed several conditions that
were found with increased prevalence in patients with CTS compared to the general
population. These conditions include Colles’ fracture, rheumatoid arthritis, use of
hormonal agents, hypothyroidism with myxedema, diabetes, and for males occupa-
tions that involved excessive use of the hands. Highest associations were rheuma-
toid arthritis (3.6 more likely), diabetes mellitus (2.3 more likely), and pregnancy
(2.5 more likely).

However, despite these recognized associations, 43 % of the individuals with
CTS did not have any of the conditions. This is termed idiopathic CTS [3].
Obesity is another risk factor for CTS, found to be 2.5 times more likely in
patients with BMI >29 compared to those under 29 [4]. Interestingly, a study
found that women who used hormone replacement therapy were more likely to
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undergo carpal tunnel release surgery than those women who did not take HRT
(OR 1.8) [S5]. Multiple studies have failed to prove that computer use is associ-
ated with development of CTS [6, 7].

History and Clinical Presentation

Signs and symptoms consistent with a median neuropathy:

1. Dysesthesias of the first four fingers of the hand in a median distribution, worse
at night

2. Hand pain

3. Weakness of the thumb or atrophy of the thenar eminence

Classically, carpal tunnel syndrome (CTS) typically presents as wrist and arm
pain associated with paresthesias in the hand, commonly at night. The pain may be
in just the wrist or may radiate into the forearm, arm, or shoulder. Symptoms of
carpal tunnel can be provoked with prolonged wrist flexion or extension. CTS with-
out pain is rare. The dysesthesias classically involve the medial thumb, index finger,
middle finger, and lateral ring finger. However, the clinician should be aware that
symptoms may involve the ulnar distribution. In a survey of 100 patients with elec-
trodiagnostically confirmed CTS, the most common pattern of dysesthesias involved
all digits of the hand (48 % of cases). The classic distribution of symptoms was
present in only 45 % of the group [8]. It is important to note on physical exam
whether the sensation to the thenar eminence is impaired because the thenar emi-
nence is innervated by the palmar cutaneous sensory branch, which is given off the
median nerve proximal to the carpal tunnel.

Weakness in arm pronation (pronator quadratus distally and pronator teres proxi-
mally), wrist flexion (flexor carpi radialis), and distal thumb flexion (flexor pollicis
longus) would indicate a more median nerve lesion, possibly at the elbow. Pronator
syndrome or entrapment under the ligament of Struthers, which is a fibrous band
between the medial epicondyle and an accessory supracondylar bony prominence at
the distal medial humeral shaft that exists in about 1-2 % of the population, can
produce pain or paresthesias in the volar forearm and thenar eminence in addition
to the same areas affected by CTS.

Anterior interosseous neuropathy (AIN) typically presents as an inability to flex
the distal phalanges of the thumb, index, and middle fingers plus weak forearm
pronation. There is no sensory loss since the anterior interosseous nerve does not
carry cutaneous innervation.

Compression of the digital sensory nerves along the sides of digits 1-4 may
cause pain or paresthesias in the distal finger. Baseball and bowling are sports that
have a tendency to cause digital neuropathies. Flute players may experience this on
the lateral side of left index finger. Violinists and cellists may be symptomatic in the
right thumb. Percussionists tend to experience this in the left middle finger. Vibration
exposure can also cause digital neuropathy [9].
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Other diagnoses in the differential with median neuropathy are cervical radicu-
lopathy and brachial neuritis. With cervical radiculopathy, there is usually a history
of neck pain. Acute herniated discs can produce a radiculopathy with pain with
concurrent sensory and motor symptoms. Brachial plexitis, also known as neuralgic
amyotrophy or Parsonage-Turner syndrome, presents as severe arm and shoulder
pain that is followed after a period of days by numbness and weakness.

Exam

The Phalen’s maneuver involves passive flexion of the wrists, which will produce
paresthesias in CTS within 30-120 s. Tinel’s sign is the presence of paresthesias in
the median distribution of the fingers with percussion over the carpal ligament at the
palmar surface of the wrist. Phalen’s maneuver is a slightly better test than Tinel’s
sign with reported sensitivity and specificity of 68 and 73 % versus 50 and 77 %,
respectively, in a systematic review [10].

In pronator syndrome, there are several maneuvers that can be done to determine
what structure is compressing the median nerve in the proximal forearm. A positive
exam would be pain or paresthesias in a median distribution [11]:

» Resisted pronation with the elbow in full extension — pronator teres
» Resisted flexion of the PIP joint of the middle finger — sublimis bridge
¢ Resisted elbow flexion with forearm supinated — lacertus fibrosis

A bony prominence may be palpated at the distal medial humerus, suggesting the
presence of a ligament of Struthers variant. Repeated supination and elbow exten-
sion would produce maximum contact of the ligament with the median nerve.

Anterior interosseous neuropathy will affect flexion of the DIP joint of the index and
middle finger and flexion of the IP joint of the thumb. When a patient tries an “OK” sign,
there will be compensatory hyperextension at these joints to complete a circle. Weakness
of the pronator quadratus can be tested by resisted forearm pronation with the elbow
flexed. When the elbow is extended, the pronator teres is the primary pronator.

The biceps and brachioradialis reflexes are important to examine. These median
neuropathies of the wrist and forearm would have intact biceps, brachioradialis, and
triceps reflexes (C6 and C7 reflexes). Impaired reflexes are consistent with a more
proximal lesion, such as the brachial plexus or cervical nerve root level.

Diagnosis

Imaging does not have a significant role in diagnosis. CTS is a clinical diagnosis,
meaning that there should be associated symptoms and objective exam findings.
Electrodiagnostic studies can help confirm the clinical diagnosis. There may be
electrodiagnostic evidence of slowing across the carpal ligament in a patient
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without symptoms or signs consistent with CTS. This may be encountered in some-
one who presents with numbness and tingling in hands and lower extremities who
on testing shows nerve slowing across common entrapment sites in the setting of an
underlying polyneuropathy, such as diabetic or alcoholic neuropathy. In these
patients, the underlying metabolic or toxic cause of neuropathy should be addressed.

Electrodiagnostic studies should include a comparison study of the median nerve
with a different nerve in the hand, usually the ulnar nerve and less commonly the
radial nerve. Addition of the comparison study increases the sensitivity from 75 % to
as high as 95 %. Median-to-ulnar comparison studies include palm-to-wrist (median
vs. ulnar) mixed nerve latency, wrist-to-digit 4 (median vs. ulnar) sensory latency,
and second lumbrical (median) to first dorsal interossei (ulnar) distal motor latency.

Treatment

In general, treatment of carpal tunnel syndrome is targeted at managing the painful
symptoms and preventing a loss of function. Activity modification can be a first
intervention. There is evidence that use of an ergonomic keyboard is effective in
reducing symptoms of CTS after 3 months of use compared to use of a standard
keyboard [12]. Physical therapy can be prescribed to increase range of motion in the
wrist and address strength impairments. However, there is no evidence that thera-
peutic exercises alone are effective in treating carpal tunnel syndrome [13].

Splinting can be used to place the wrist in a comfortable position to minimize
pressure to the median nerve within the carpal tunnel. It has been found that placing
the wrist in a neutral position at night results in improvements in pain and function
at 4 weeks [14]. An RCT comparing full-time use of a wrist splint to nighttime use
only did not find a significant difference in outcomes, suggesting that splinting at
night is adequate for improvement [15].

Oral medications can be used to treat symptoms. Oral steroids have been shown
to be effective in the short term to improve symptoms of CTS [16]. NSAIDs are
commonly prescribed for their analgesic and anti-inflammatory effects. However,
there is limited evidence that NSAIDs are more effective than placebo in treating
CTS. A review found that the use of nonsteroidal anti-inflammatory medications,
vitamin B6, and diuretics was no more effective than placebo in treating CTS [17].

Steroid injections into the carpal tunnel by an experienced clinician can result in
significant improvement. A Cochrane review concluded that there was significant short-
term clinical improvement after a steroid injection [18]. Risks of a steroid injection
include bleeding, infection, and nerve injury from iatrogenic injection into the nerve.

Surgical treatment of CTS should be reserved for individuals with evidence of
moderate to severe neuropathy on electrodiagnostic studies or who are experiencing
a functional decline despite nonsurgical treatment. Release of the transverse carpal
ligament can be done by a surgeon using either an open approach or an endoscopic
approach. There is no substantial evidence that one surgical approach is more effec-
tive than the other [19].
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In pronator syndrome and anterior interosseous syndrome, relative rest, splint-
ing, and anti-inflammatories should be attempted. If there is no improvement in
symptoms after 6 months, surgical exploration can be considered. Usually, this
leads to recovery unless severe axonotmesis is present [20]. Median nerve sensory
fiber involvement in the digits can be difficult to treat. Initially, splinting and anti-
inflammatories can be used in the acute phase. Steroid injection and/or surgical
release is often the treatment of choice [9].

Ulnar Neuropathy

Anatomy

The ulnar nerve is formed by contributions from C8 and T1 roots. The lower trunk
gives off the medial cord, which gives contributions to the medial pectoral nerve,
and medial brachial cutaneous and medial antebrachial cutaneous nerves before
becoming the ulnar nerve distally. The medial brachial cutaneous and medial ante-
brachial cutaneous nerves supply cutaneous sensation to the medial aspect of the
arm and forearm, respectively.

The ulnar nerve initially travels with the median nerve and brachial artery in a
neurovascular bundle before it passes from the medial arm through the medial inter-
muscular septum into the posterior compartment of the arm and through the arcade
of Struthers. The arcade of Struthers contains fascia, the medial head of the triceps,
and the internal brachial ligament. At the elbow, the ulnar nerve passes into the
ulnar groove, which is formed by the medial epicondyle (humerus) and the olecra-
non process (ulna). Anywhere from 3 to 20 mm after the ulnar groove, the nerve
runs in the cubital tunnel, formed beneath the two heads of the flexor carpi ulnaris
muscle. Innervation is given to the flexor carpi ulnaris and the medial division of the
flexor digitorum profundus (fourth and fifth digits).

The nerve then travels down the medial forearm and approximately 5—-8 cm proxi-
mal to the wrist and gives the dorsal ulnar cutaneous sensory branch, which supplies
sensation to the volar medial fourth and fifth digits and palmar cutaneous sensory
branch. At the medial wrist, the nerve passes into Guyon’s canal, which is formed by
the pisiform bone and hook of the hamate. Within Guyon’s canal, the ulnar nerve
divides into a superficial sensory branch and a deep motor branch. The deep motor
branch gives motor supply to the hypothenar muscles (abductor digiti minimi, oppo-
nens digiti minimi, flexor digiti minimi, and palmaris brevis) before exiting Guyon’s
canal. After exiting Guyon’s canal at the pisohamate hiatus, the deep motor branch
supplies all three palmar and four dorsal interossei; the third and fourth lumbricals,
which flex the third and fourth digits at the metacarpophalangeal joint and extend
them at both proximal and distal interphalangeal joints; and two muscles in the the-
nar eminence: the adductor pollicis and the deep head of the flexor pollicis brevis.

There are five sites of potential entrapment of the ulnar nerve: (1) within the
fibrous arcade of Struthers proximal to the elbow; (2) at the ulnar groove, where the
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nerve travels between the medial epicondyle and olecranon; (3) at the cubital tun-
nel, where the ulnar nerve enters at the humeroulnar aponeurotic arcade (HUA) and
travels to exit the tunnel at the deep flexor pronator aponeurosis; (4) at the wrist at
Guyon’s canal; and (5) in the palm where the ulnar nerve exits Guyon’s canal as the
deep and superficial branches.

Epidemiology

Ulnar neuropathy at the elbow is the second most common entrapment neuropathy
site after carpal tunnel syndrome [21]. The mean annual crude incidence based on a
population study in Italy is 24.7 cases per 100,000 people annually. In that study
population, men were affected more than women by a ratio of 2:1 [22]. Prolonged
elbow flexion may be a risk factor. In a study of musicians, ulnar neuropathy at the
elbow was studied. In the musicians that used bowed instruments (violin, viola,
etc.), there was only left-sided involvement. Since the playing position involves left
elbow flexion and forearm supination, this position may be a risk factor for ulnar
neuropathy at the elbow [23].

Males develop perioperative ulnar neuropathies more frequently. Anatomical
studies reveal larger coronoid process in males as well as higher fat content at the
medial elbow in females, suggesting mechanical compression susceptibility plus
less protection as a risk factor accounting for gender differences [24]. Ulnar neu-
ropathy at the wrist is usually localized to Guyon’s canal and can be caused by
bicycle riding, push-ups, flute or violin playing, ganglion cysts, ulnar artery aneu-
rysm/thrombosis, and lipomas [25].

History and Clinical Presentation

Signs and symptoms consistent with ulnar neuropathy:

1. Weakness of the intrinsic hand muscles resulting in loss of dexterity and grip strength.
Patients may report difficulty with writing, buttoning clothes, and opening jars.

2. Sensory symptoms are generally not as prominent as motor symptoms in an
ulnar neuropathy. If present, the area affected will be the dorsal fifth and medial
fourth digits as well as the medial hand.

Ulnar neuropathy at the elbow is usually the result of chronic mechanical com-
pression or stretch of the nerve. At the ulnar groove its superficial location makes it
vulnerable to external forces. The term “hitting the funny bone” relates to striking
the ulnar nerve at the ulnar groove and causing paresthesias into the fourth and fifth
digits. Some individuals can have an ulnar nerve that subluxes out of the groove
over the medial epicondyle when they fully flex their elbows, possibly making the
nerve more vulnerable to trauma.
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A history of elbow fracture may predispose an individual to early arthritic
changes to the elbow that can compromise the ulnar nerve along its course. This is
referred clinically as tardy ulnar palsy. After the ulnar groove, the nerve dives into
the cubital tunnel, which is formed by the HUA. Some individuals have narrow
space within the cubital tunnel, which can predispose them to compression of the
ulnar nerve within the tunnel. Mechanically, flexion at the elbow does decrease the
diameter of the cubital tunnel and can exacerbate symptoms [26]. Cubital tunnel
syndrome is used commonly to refer to all presentations of ulnar neuropathy at the
elbow, although, technically, the term applies only to nerve involvement under the
HUA and not involvement at the ulnar groove.

Ulnar neuropathy at the wrist is less common than involvement at the elbow. Areas
of entrapment can be either within Guyon’s canal or in the palm after the ulnar nerve
exits Guyon’s canal as a superficial sensory branch and deep motor branch. Clinical
presentation may vary slightly, depending on if one or both of the branches are
affected. However, 75 % of the cases will involve the motor branch only and present
as weakness of the ulnar-innervated hand muscles without sensory loss with variable
hypothenar eminence involvement. A history of hand fracture, particularly the hook
of the hamate, can increase the risk of arthritic changes in the wrist that can contribute
to ulnar nerve compression. Cases of ulnar neuropathy at the wrist can be due to a
ganglion cyst within Guyon’s canal. Also trauma or repetitive impact to the wrist as in
bikers and laborers who use power tools may cause dysfunction at the wrist.

The differential diagnoses for suspected ulnar neuropathy includes a C8 or T1
radiculopathy and a lower trunk or medial cord plexopathy. Cervical radiculopa-
thies usually present with a history of neck pain, and symptoms will be exacerbated
with extension of the cervical spine. For ulnar neuropathy at the wrist presenting as
motor impairment in the absence of sensory involvement, the list of differential
diagnoses includes motor neuron disease, so it is important to make sure this is an
isolated complaint. Medial epicondylitis may also present with medial elbow pain
that can localize to the area near the ulnar groove and cubital tunnel.

Exam

On palpation, there may be reproduction of paresthesias with percussion at the medial
elbow, consistent with entrapment at the ulnar groove or in the cubital tunnel. On
sensory exam, sensation should be intact in the forearm. If the medial forearm has
abnormal sensation, this could indicate a lesion at or proximal to the medial ante-
brachial cutaneous nerve, which branches off the medial cord prior to it becoming the
ulnar nerve. Therefore, altered sensation in the forearm suggests a lesion of the medial
cord, lower trunk, or contributing nerve roots (C8 and T1). Sensory exam should
include the dorsal medial hand. This area is served by the dorsal ulnar cutaneous sen-
sory nerve, which branches off the ulnar nerve proximal to the wrist. Therefore, if this
area has impaired sensation, the lesion would be proximal to the wrist.

Patients with an ulnar neuropathy will have difficulty making a fist with the fourth
and fifth digits due to weakness of the fourth and fifth flexor digitorum profundus, which
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are ulnar-innervated, in comparison to the FDP of the second and third digits, which are
median-innervated. Thumb abduction is spared (median and radially innervated).

Benediction posture is the classic hand presentation with advanced ulnar neu-
ropathy. The fourth and fifth digits are in a claw position, with MCP joints hyperex-
tended and both interphalangeal joints flexed secondary to lumbrical weakness. The
digits, including the thumb, are slightly abducted from weakness of the interossei
and adductor pollicis. Patients may report their hand getting caught when putting
their hand in a pocket. Wartenberg’s sign is an abducted fifth digit at rest from rela-
tive weakness of the third palmar interosseous muscle, which adducts the fifth digit.

Froment’s sign occurs when the patient is asked to make a pincher grip, as in
gripping a bill between the thumb and index finger. Weakness of the adductor pol-
licis, deep head of the flexor pollicis brevis, and interossei will cause the patient to
compensate with the median-innervated flexor pollicis longus and flexor digitorum
profundus of the second digit. In a way, this is a reverse OK sign, which can be
found in an anterior interosseous neuropathy.

Diagnostics

Electrodiagnostic studies are useful to differentiate an ulnar neuropathy from a C8 or
T1 radiculopathy, medial cord, or lower trunk plexopathy, which can all present simi-
larly. Non-ulnar-innervated muscles that receive C8-T1 innervation through the
lower trunk and medial cord include abductor pollicis brevis (median) and longus
(radial) and flexor pollicis longus (median) and brevis (recurrent branch of median).

Sensory exam of the medial antebrachial cutaneous nerve should be intact in an ulnar
neuropathy since this nerve branches off the medial cord prior to its termination as the
ulnar nerve. Sensory nerve study of the dorsal ulnar cutaneous sensory branch can local-
ize the lesion to above the wrist if this nerve is abnormal since it branches off the ulnar
nerve several centimeters proximal to the wrist. In addition, the palmar cutaneous sen-
sory branch, which supplies sensation to the skin of the medial palmar surface of the
hand, is given off a couple centimeters proximal to the wrist after the dorsal ulnar cuta-
neous nerve branches off. In a suspected ulnar neuropathy with sensory involvement in
the hand, it is important to localize the lesion to the wrist in Guyon’s canal or the elbow
if surgery is being considered. Often, it is difficult to localize the lesion of an ulnar neu-
ropathy, leaving the diagnosis as a nonlocalizable ulnar neuropathy [27].

Treatment

Ulnar Neuropathy at the Elbow

Nonoperative treatment can be considered in mild cases of ulnar neuropathy at the
elbow. The natural course of untreated ulnar neuropathy at the elbow is favorable;
approximately half of patients do recover spontaneously [28]. Activity modification
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such as avoiding pressure on the elbow or prolonged elbow flexion can be benefi-
cial. Physical or occupational therapy for strengthening and maintaining range of
motion and learning nerve gliding exercises, as well as elbow padding or splints,
can be used to manage mild symptoms.

When there are signs and symptoms of more advanced disease such as motor
weakness or atrophy, a surgical referral should be considered. Steroid injections at
the elbow have not been shown to help this condition. A randomized controlled trial
comparing elbow splinting to splinting plus steroid injection at the ulnar groove did
not find a benefit with the addition of a steroid injection [29].

There are three surgical approaches for ulnar neuropathy at the elbow: in situ
ulnar nerve release, ulnar release with medial epicondylectomy, and ulnar nerve
release with anterior transposition. The latter two approaches have the additional
goal of reducing the tensile stretch on the ulnar nerve, especially in cases where the
ulnar nerve subluxes from the groove. A medial epicondylectomy will take the ten-
sion out of the ulnar nerve when it normally passes posterior to the epicondyle. The
nerve transpositions involve physically moving the nerve from the ulnar groove and
securing it anterior to the medial epicondyle of the humerus. Studies comparing in
situ decompression to nerve transpositions have not found a significant difference in
functional outcomes, but a review of the literature found that the nerve transposi-
tions have a higher rate of medial antebrachial cutaneous neuropathy and postopera-
tive infections [30].

Nonoperative treatment should be attempted in the absence of significant motor
weakness or permanent sensory loss for ulnar neuropathy at the wrist. Activity
modification and bracing can be beneficial, especially in individuals who have expe-
rienced repetitive insults to the ulnar nerve at the wrist. NSAIDs and steroid injec-
tions may be used in these cases.

Radial Neuropathy

Anatomy

The radial nerve receives contributions from C5 through T1. All three trunks of the
brachial plexus give off posterior divisions that form the posterior cord. The poste-
rior cord gives off the axillary, thoracodorsal, and subscapular nerves before termi-
nating as the radial nerve.

In the proximal arm, the radial nerve gives off three sensory branches: posterior
cutaneous nerve of the arm, lower lateral cutaneous nerve of the arm, and posterior
cutaneous nerve of the forearm. It also supplies motor innervation to the three heads
of the triceps brachii and the anconeus prior to entering the spiral groove in the
humerus.

Near the elbow, the radial nerve supplies motor innervation to the brachioradia-
lis, extensor carpi radialis longus, and the supinator. Several centimeters distal to the
lateral epicondyle, the radial nerve splits into the superficial radial sensory nerve
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and the posterior interosseous nerve. The superficial radial sensory branch nerve
innervates the lateral dorsal hand and thumb plus the dorsal proximal phalanges of
digits 2, 3, and 4. The posterior interosseous nerve is clinically a pure motor nerve
that dives beneath the supinator muscle under the arcade of Frohse. The posterior
interosseous nerve supplies the following: extensor carpi radialis brevis, extensor
digitorum communis, extensor carpi ulnaris, abductor pollicis longus, extensor indi-
cis proprius, extensor pollicis longus, and extensor pollicis brevis.

Epidemiology

Radial neuropathy is less common than both median and ulnar neuropathies in the
upper extremity. Radial neuropathy at the spiral groove is associated with humeral
shaft fractures, particularly mid-shaft fractures. A review of over 4,500 humeral frac-
tures found an 11.8 % incidence of radial nerve palsies with humeral fractures [31].

History and Clinical Presentation

Radial neuropathy at the spiral groove can be from compression secondary to pro-
longed immobilization as in the classic Saturday night palsy, when an intoxicated
individual falls asleep with their arm draped over a chair. Another presentation is
honeymooner’s palsy, where the partner falls asleep with their head in the medial arm,
compressing the radial nerve in the spiral groove. Other mechanisms include humeral
fractures, after strenuous muscular effort (called exercise-induced radial neuropathy
[32]), and vasculitic infarctions. Radial neuropathy at the spiral groove will present as
wrist- and finger-drop with sparing of elbow extension since the muscular branches to
the triceps brachii and anconeus muscles arise proximally to the spiral groove. There
will be sensory disturbance in the hand in the radial distribution.

Involvement of the radial nerve in the axilla will present with similar symptoms
as above with the additional impairment of elbow extension from triceps involve-
ment and sensory impairment of the posterior arm and forearm from posterior cuta-
neous nerve of the arm and lower lateral cutaneous nerve of the arm involvement.
In a posterior interosseous neuropathy, the patient will have wristdrop without sen-
sory disturbance. Compared to a lesion at the spiral groove, there will be sparing of
the strength of the brachioradialis and extensor carpi radialis longus, which may
result in a radially deviated wrist in extension. Radial tunnel syndrome is a contro-
versial disorder also known as resistant tennis elbow due to symptoms presenting
near the lateral epicondyle. The cause of this syndrome is thought to be compression
of the posterior interosseous nerve that results in pain in the proximal forearm
extensor muscles without weakness [33].

In a superficial radial sensory neuropathy, there will be sensory disturbance of
the lateral dorsal hand and thumb plus the dorsal proximal phalanges of digits 2, 3,
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and 4. The sensory nerve runs superficially along the distal third of the radius and
can be prone to compression here. Tight watches, bracelets, or handcuffs could
result in a superficial radial sensory neuropathy. Other diagnoses to consider pre-
senting as weakness of the brachioradialis could be a C5—C6 radiculopathy rather
than a radial neuropathy. Both a C7 radiculopathy and radial neuropathy at the
axilla would affect the triceps strength and reflexes. A posterior brachial plexus cord
lesion would affect the axillary and thoracodorsal nerves as well as the radial nerve.

Diagnostics

Radiographs of the elbow and forearm may be useful in evaluating anatomical
structures that contribute to symptoms. Electrodiagnostic examination can help
localize the lesion to the radial nerve. Radial motor nerve conduction studies may
be especially useful for localization but are difficult to perform in males with larger
shoulders.

Treatment

A radial nerve palsy following a closed humeral fracture can be initially observed
for 6-12 weeks to allow swelling to subside. A review of outcomes for humeral
fracture management showed that expectant management had similar outcomes to
early surgical exploration, and there was spontaneous recovery in 71 % of patients
treated nonsurgically with wrist splinting to address wristdrop [31]. External com-
pression neuropathies of the radial nerve proper respond well to nonsurgical man-
agement. Regardless of the site of involvement, almost all external compressive
lesions of the radial nerve result in neuropraxia and a reversible conduction block
that improves with removal of the compressive force. Of note, radial neuropathy
from a tight tourniquet can take up to a year to recover. In comparison, typical neu-
ropraxic lesions take an average of 6 weeks to heal [34].

For both posterior interosseous neuropathy and radial tunnel syndrome, there are
no randomized controlled trials looking at nonoperative versus surgical treatment.
There is a retrospective review of fourteen cases of posterior interosseous neuropa-
thy that recommends 6 months of nonoperative management prior to proceeding
with surgery [35]. Another review demonstrates that outcomes from surgical inter-
vention were generally favorable, with a large range of efficacy (67-95 %) [36].
Patient satisfaction with these results ranged from 40 to 83 %. Superficial radial
sensory neuropathies are best treated nonoperatively. Local steroid injections and
iontophoresis are treatments that are commonly used. A case report suggests the use
of kinesiotaping as nonoperative treatment [37]. The favorable risk-to-benefit pro-
file of this treatment may lead to more widespread use.
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Suprascapular Neuropathy

Anatomy

The suprascapular nerve comes off the upper trunk of the brachial plexus proxi-
mally and contains C5 and C6 innervation. The nerve runs posteriorly under the
trapezius and travels through the suprascapular notch of the scapula into the supra-
spinous fossa to innervate the supraspinatus muscle. The nerve supplies deep sen-
sory fibers to the glenohumeral and acromioclavicular joints, but does not contain
cutaneous sensory innervation. Continuing laterally, the suprascapular nerve wraps
around the spinoglenoid notch of the scapular spine and passes into the infraspinous
fossa to innervate the infraspinatus muscle.

Epidemiology

Repetitive overhead activities may predispose individuals to suprascapular neurop-
athies. In a study of high-level volleyball players, there was a 33 % prevalence of a
suprascapular neuropathy, mostly at the suprascapular notch, based on electrodiag-
nostics [38]. In the literature, male athletes are the typical patient population
reported on. However, it is not known if males are at an increased risk. A case series
of 38 volleyball players found a nearly equal distribution among males and females
(20 males and 18 females) [39].

There is an association between large rotator cuff tears and suprascapular neu-
ropathies. In a retrospective study of 216 patients with rotator cuff tears, 26 were
identified as having large tears with associated retraction of the tendon and fatty
infiltration of the muscles. Seven of the twenty-six patients (38 %) had an associ-
ated suprascapular neuropathy.

History and Clinical Presentation

Suprascapular nerve entrapment usually occurs at the suprascapular notch, where the
nerve passes under the transverse scapular ligament. The patient may report a deep
shoulder pain along the superior aspect of the scapula. Clinically, this may present as
weakness of shoulder abduction and/or external rotation. Involvement at the spinogle-
noid notch is usually the result of a space-occupying lesion, like a cyst. Labral tears
that extend from the glenohumeral joint can cause cysts in the spinoglenoid notch.
Lipomas and other benign tumors, like ganglion cysts, can also cause entrapment
[40]. Entrapment at the spinoglenoid notch would affect the infraspinatus only, since
the supraspinatus muscle already received its innervation more proximally.
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As mentioned above, repetitive overhead activities can predispose to a supra-
scapular neuropathy, particularly when there is shoulder abduction with scapular
protraction. Volleyball, tennis, dancing, painting, pitching, and other overhand
throwing are activities that are associated with an increased risk of suprascapular
neuropathy.

Exam

On inspection, there may be atrophy of the supraspinatus and/or the infraspinatus.
Infraspinatus atrophy may be easier to appreciate because the muscle is only par-
tially covered by the trapezius. There is usually no cutaneous sensory disturbance in
a suprascapular neuropathy. On motor exam, there may be weakness in shoulder
abduction (supraspinatus) and/or external rotation (infraspinatus). However, other
muscles contribute to these movements so the strength impairment may be subtle.
Crossed body shoulder adduction on the affected side causes tightening of the
spinoglenoid ligament and can exacerbate symptoms of an entrapment neuropathy
at this location [41].

Diagnostics

MRI of the cervical spine may be useful to exclude a C5 or C6 radiculopathy, which
can present similarly. MRI of the shoulder can be used to assess the rotator cuff as
well as visualize the suprascapular and spinoglenoid notches. Cystic lesions and
lipomas can be visualized with MRI.

Electrodiagnostics can be useful to localize the lesion to the suprascapular nerve
and rule out a cervical radiculopathy or an upper trunk brachial plexopathy, which
could present similarly. Needle EMG of the supraspinatus and infraspinatus can
give information to help localize the lesion relative to the spinoglenoid notch.
Patient reporting of pain scores after an injection of an anesthetic agent into the
suprascapular notch can be used as a diagnostic tool.

Treatment

In the absence of an identifiable mass lesion, such as a ganglion cyst compressing
the suprascapular nerve, a trial of nonoperative management should be attempted.
Physical therapy is useful to maintain shoulder range of motion and strengthen the
surrounding muscles to improve scapulothoracic mechanics [42]. Injection of an
anesthetic agent and/or corticosteroid into the suprascapular notch can be used to
treat symptoms.
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In the cases where nonoperative management does not lead to improvement or if
there is a physical structure compressing the suprascapular nerve, surgical referral is
indicated. For involvement at the suprascapular notch, release of the transverse scap-
ular ligament may be beneficial. This can be done with either an open or arthroscopic
approach [43].

Scapular Winging

Scapular winging is a condition of dysfunction of the muscles involved in scapulo-
thoracic motion. Scapular winging can result in significant impairment in the use of
the affected upper extremity. The altered mechanics of the scapula depend on which
muscle is involved: serratus anterior, trapezius, or thomboids. If the altered scapu-
lothoracic mechanics are from local muscle dysfunction without nerve injury, this is
called scapular dyskinesia. True nerve injury results in scapular winging. Long tho-
racic nerve palsy will result in a medial translation of the scapula due to unopposed
action of the intact trapezius and rhomboids, known as medial winging. In contrast,
individual palsies of the spinal accessory or dorsal scapular nerves will cause a lat-
eral winging of the scapula. We will review the individual muscles implicated and
the relevant anatomy, clinical presentation, and treatment options.

Long Thoracic Nerve

The long thoracic nerve is a motor nerve made by direct branches from the C5 to C7
nerve roots. The nerve courses under the clavicle and over the anterolateral rib cage to
innervate the serratus anterior. This muscle has its origin on the first eight to ten thoracic
ribs and inserts on the underside of the medial border of the scapula. The action is to keep
the medial border of the scapula against the ribcage as it assists in scapular protraction.

Clinically, long thoracic nerve dysfunction is commonly the result of a more
global injury to the cervical nerve roots or brachial plexus. For example, long tho-
racic nerve palsy can happen in a traumatic root avulsion or neuralgic amyotrophy,
rather than an isolated peripheral nerve palsy [44]. However, compression can occur
over the rib cage, such as in individuals carrying heavy backpacks, or by the middle
scalene in individuals who lift heavy weights. Traction injuries can happen with
abrupt forceful shoulder movements as in shoveling snow, weightlifting, or wres-
tling because the nerve is anchored prior to entering the axilla [45].

Since the serratus anterior is one of the shoulder-stabilizing muscles, the patient
may report vague shoulder pain. Weakness of the serratus anterior causes medial wing-
ing of the scapula, which causes the entire scapula to be displaced medial and superior
compared to the unaffected side. This can be more pronounced when the patient
attempts to push against a wall. Sensory impairment suggests a lesion outside the long
thoracic nerve since there is no cutaneous sensory information carried in the nerve.



60 N.K. Muraoka and J. Baima

Electrodiagnostics can differentiate a long thoracic nerve palsy from a cervical
radiculopathy or brachial plexopathy. Motor nerve conduction study of the long
thoracic nerve is technically challenging. Needle EMG study is the most helpful
diagnostic test of the serratus anterior but should be performed with caution due to
risk of an iatrogenic pneumothorax.

Nonoperative management can be successful as long as there is no root avulsion.
In a retrospective study of 37 patients with mild long thoracic nerve palsy treated
nonoperatively and without functional bracing, 78 % of the patients had resolution
of their winging after an average of 16 months. However, there was residual pain in
70 % of the individuals on follow-up [46]. Physical therapy includes a focus on
improving the mechanics of scapular motion as well as strengthening of the rotator
cuff muscles. Analgesics may be used for comfort [47].

The traumatic and iatrogenic causes of long thoracic neuropathy are usually
treated surgically if the impairment persists and significantly interferes with func-
tion. There are three categories of procedures: scapulothoracic fusion, static stabili-
zation, and dynamic muscle transfer. Dynamic muscle transfer is considered the
most effective with transfer of the sternal head of the pectoralis major to the inferior
angle of the scapula being the preferred procedure [48].

Spinal Accessory Nerve (CN XI)

The spinal accessory nerve, also known as cranial nerve XI, is composed of two
components. The spinal part is formed from contributions from the ventral horn of
C1 through C4 cervical segments and travels along the lateral aspect of the spinal
cord to enter the skull through the foramen magnum. It is joined by the accessory
contribution originating in the nucleus accumbens of the medulla prior to exiting the
skull from the jugular foramen. The spinal nerve then divides back into the accessory
branch, which joins the vagus nerve, and the spinal branch, which is the pure motor
branch that innervates the sternocleidomastoid (SCM) and trapezius muscles.

Clinically, spinal accessory nerve palsy can occur from compression in the pos-
terior cervical triangle of the neck. This is a region of the neck formed by the poste-
rior border of the SCM, anterior border of the trapezius, and the middle third of the
clavicle that forms the base. Surgical procedures in the neck can inadvertently affect
the distal spinal accessory nerve here. In fact, iatrogenic injury to the spinal acces-
sory nerve during cervical lymph node biopsy or benign tumor removal is the most
common cause of spinal accessory nerve palsy. Since the trapezius is a shoulder-
stabilizing muscle, the patient often reports shoulder pain. Functionally, the patient
often reports a drooping shoulder and difficulty with shoulder abduction [49].

On physical exam, the patient may have weakness of shoulder shrug of the
affected side. Commonly, they will not be able to abduct the shoulder past 90°.
There will be lateral winging of the scapula with the superior border of the scapula
translated laterally. Winging of the scapula due to trapezius palsy should decrease
with resisted forward flexion of the shoulder, where it would persist if the serratus
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anterior was the affected muscle. An interesting finding in a study of 83 patients
presenting with spinal accessory nerve palsy was that weakness of the sternocleido-
mastoid was found in only one of the 83 individuals [49].

Unfortunately, nonsurgical treatment of a spinal accessory nerve palsy does not
have the same positive outcomes compared to a serratus palsy. In fact, physical
therapy, transcutaneous nerve stimulation, bracing, chiropractic manipulation,
NSAIDS, and narcotic analgesics all were found to be ineffective [50]. Regardless,
these are often attempted given the favorable risk-to-benefit profile. In neurapraxic
lesions that do not improve after 1 year, surgical correction may be indicated [51].
The Eden-Lange procedure is preferred, which involves the lateral transfer of the
insertion sites of the rhomboids and levator scapulae along the scapula to balance
the forces of these intact muscles. Outcomes for this procedure are favorable, with
one study showing that only 3 of 22 patients undergoing the procedure had unfavor-
able results with persistent pain and lack of functional improvement [52].

Dorsal Scapular Nerve

The dorsal scapular nerve is a terminal nerve that is given off from the C5 ventral
rami prior to it forming the upper trunk with C6. In a few individuals, C4 or C6 can
contribute to the dorsal scapular nerve [53, 54]. The dorsal scapular nerve pierces
the scalenus medius prior to innervating the levator scapula and the rhomboid major
and minor muscles. Together, the two thomboid muscles act to retract and elevate
the scapula as well as rotate its lateral border inferiorly. Dorsal scapular nerve pal-
sies are usually due to compression, although the actual site of involvement is not
well known [55].

In a cohort of 36 patients with dorsal scapular nerve compression, the most
common presenting complaint was discomfort of the neck, back, and shoulder,
particularly down the medial aspect of the scapula [55]. Of note, females made up
78 % of the group, but it was unclear what factor accounted for the difference in
distribution.

Physical exam may reveal mild lateral translation of the inferior border of the
scapula. Strength of the rhomboids can be assessed by having the patient squeeze
the medial borders of the scapula together or having them put their hands on their
hips and resist an anterior force applied to the back of their elbow.

Nonsurgical management of dorsal scapular nerve palsies is the mainstay of
treatment. Cervical bracing and analgesics can be used to address the painful
symptoms. Physical therapy will focus on strengthening the midportion of the
trapezius, which can compensate for weak rhomboids. Surgical decompression of
the anterior and middle scalene muscles can be done in individuals with symp-
toms refractory to therapy and medication management. Nineteen of a cohort of
twenty-two patients with persistent symptoms despite nonsurgical management
had partial or complete relief of their symptoms after decompression of the sca-
lene muscles [55].
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Fig. 4.2 Schematic anatomy of the brachial plexus. Bone structures (C5-C6—C7-Dl1 fifth to sev-
enth cervical spine vertebrae and first dorsal spine vertebrae, 1R first rib). Brachial plexus compo-
nents (RC5-RCS8 fifth to eighth cervical brachial plexus roots, RD1 firstst dorsal brachial plexus
root, UT upper trunk, MT middle trunk, LT lower trunk, PD posterior division from each trunk, AD
anterior division from each trunk, OC outer chord, PC posterior chord, /C inner chord). Main
nerve branches (Ph phrenic nerve, SS suprascapular nerve, MC musculocutaneous nerve, Ax axil-
lary nerve, R radial nerve, M median nerve, U ulnar nerve (Used with permission of Springer
Science + Business Media from Ruggiero and Liverneaux [66]))

Brachial Plexopathy

Anatomy

The brachial plexus is a structure formed by the ventral rami of the lower cervical and
upper thoracic nerve roots. In the majority of cases, the brachial plexus is formed from
the C5 through T1 levels, although anatomical variations do exist. In some individuals,
levels C4 through C7 form the major contributions to the brachial plexus; this is termed
prefixed. In others, levels C6 through T2 form the major contributions; this is called
postfixed. The prevalence of these anatomical “variations” is more common than one
may realize. A surgical review of multiple anatomical studies showed that the preva-
lence of a prefixed brachial plexus is 34 % and a postfixed plexus is 19 % [56].
Physically, the brachial plexus is located between the anterior and middle sca-
lene muscles proximally and posterior to the clavicle and pectoral muscles distally.
The axillary artery is in close proximity to the brachial plexus. The brachial plexus
is divided into roots, trunks, divisions, cords, and nerves. See Fig. 4.2 for schematic
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of the anatomy of the brachial plexus. Classically, the levels C5 through T1 contrib-
ute their ventral rami to form the roots of the plexus. The upper trunk is formed by
C5 and C6, the middle trunk by C7, and the lower trunk by C8 and T1. Each trunk
then divides into an anterior and a posterior division. The posterior divisions of the
upper, middle, and lower trunks come together to form the posterior cord. The ante-
rior divisions of the upper and middle trunk form the /ateral cord and the anterior
division of the lower trunk continues as the medial cord. Most of the major nerves
of the upper extremity come off the cords; the dorsal scapular and long thoracic
nerves originate directly from the nerve roots and the suprascapular nerve originates
from the upper trunk [57].

Epidemiology

Traumatic injuries to the brachial plexus are the most common etiology of brachial
plexopathies. The plexus may be affected in motor vehicle accidents, bicycle acci-
dents, or penetrating knife or gunshot wounds. latrogenic injuries to the brachial
plexus can occur during coronary artery bypass or other thoracic procedures as a
result of trauma to the plexus during chest wall retraction. Another mechanism is a
traction injury to the newborn during delivery.

Besides traumatic injuries, the brachial plexus can be compressed mechanically.
Lymph node metastasis from malignancy can cause a mass effect and compress the
brachial plexus. Breast cancer, lymphomas, and lung cancer are the most frequent
cause of lymphadenopathy causing plexopathy. Local tumor invasion may occur as
well. This is seen in Pancoast tumors of the lung, lymphomas, and leukemia. Less
common are the primary tumors involving the nerve sheath, such as schwannomas,
neurofibromas, and neurofibrosarcomas. Nonneoplastic mass effects may occur,
such as hematomas from internal jugular catheters or vascular abnormalities like
arteriovenous malformations or aneurysms [58]. There is also true neurogenic tho-
racic outlet syndrome, which is usually the result of a fibrous band between a cervi-
cal rib and the first thoracic rib that compresses the lower trunk of the brachial plexus.

Radiation-induced brachial plexitis is a progressive plexopathy that presents
typically years after the initial radiation exposure. Radiation treatment protocols
often include the region of the brachial plexus, especially for treatment of lympho-
mas and breast, lung, and neck cancers. The differential diagnosis for neurologic
symptoms in a patient with history of malignancy treated with radiation is either a
radiation neuropathy or recurrent tumor invading the nerves. Sensory symptoms
(dysesthesias and numbness) are more common than pain in radiation plexopathies
compared to plexopathies from direct tumor invasion, where pain is the most promi-
nent complaint [58].

Neuralgic amyotrophy (aka brachial plexitis, Parsonage-Turner syndrome, bra-
chial amyotrophy) exists in two forms: a hereditary form and an idiopathic form.
The hereditary form is an autosomal-dominant condition characterized by repeated
episodes of upper extremity neuropathy. The pathophysiology is thought to be an
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immune-mediated attack on the brachial plexus. Commonly, this is preceded by a
viral illness, immunization, childbirth, or other stressor on the immune system. The
annual incidence of neuralgic amyotrophy is 2—3 per 100,000 persons per year and
affects men more than women at a ratio of 3:2 [59].

History and Clinical Presentation

The presentation of a brachial plexopathy depends on the portion of the brachial
plexus that is involved [58]:

e Panplexopathy: involvement of the entire brachial plexus will result in weakness,
sensory loss, and decreased reflexes in the entire arm. If the nerve roots are intact,
the serratus anterior and the rhomboids are the only muscles spared because the
nerves that innervate these muscles come directly from the nerve roots.

o Upper trunk plexopathy: the upper trunk is formed by the C5 and C6 nerve roots
so there may be prominent weakness in the deltoid, biceps, brachioradialis,
supraspinatus, and infraspinatus. Other muscles that receive contributions from
C5 and C6, such as the pronator teres and triceps, may be partially affected.
Sensory loss will involve the lateral arm, lateral forearm, lateral hand, and the
thumb. The biceps and brachioradialis reflexes will be depressed. Clinically,
upper plexopathies can occur from injuries where the head is pushed forcefully
away from the shoulder, causing traction on the upper root fibers. This presents
as the classic Erb’s palsy: weakness of shoulder abduction, elbow flexion, and
arm supination.

e Middle trunk plexopathy: presents similarly to a C7 radiculopathy since the mid-
dle trunk is formed by the C7 root. Weakness may be found in the triceps, flexor
carpi radialis, and pronator teres. Sensory loss will involve the middle finger and
may include the index and ring fingers (sensory of median nerve) and posterior
forearm (posterior cutaneous nerve of forearm). The triceps reflex will be
depressed or absent.

* Lower trunk plexopathy: the lower trunk is formed by the C8 and T1 nerve roots
so there may be weakness in all the ulnar-innervated muscles (intrinsic hand
muscles) as well as the median C8-T1-innervated muscles (abductor pollicis
brevis, flexor pollicis longus, and flexor digitorum profundus) and radial
C8-innervated muscles (extensor indicis proprius and extensor pollicis brevis).
Sensory loss will involve the medial arm, medial forearm, medial hand, and the
fifth digit. Reflexes will be preserved. Clinically, lower plexopathies can occur
when the arm and shoulder are forcefully pulled up above the head. This presents
as the classic Klumpke’s palsy: weakness of the intrinsic hand muscles and pres-
ervation of the proximal shoulder and arm muscles.

* Lateral cord plexopathy: the musculocutaneous nerve and the C6—C7 portion of
the median nerve will be affected, resulting in weakness of arm pronation (pro-
nator teres), wrist flexion (flexor carpi radialis), and elbow flexion (biceps).
Sensory loss will involve the lateral forearm, lateral hand, and first three fingers.
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The biceps reflex will be affected, while the triceps and brachioradialis reflexes
are preserved.

* Medial cord plexopathy: the anterior division of the lower trunk becomes the
medial cord, so medial cord plexopathies present similarly to lower trunk plexop-
athies with the exception of intact C8 radial fibers, which pass through the pos-
terior division of the lower trunk and posterior cord. Preservation of the finger
extensors (extensor indicis proprius and extensor pollicis brevis) will differenti-
ate a medial cord lesion from a lower trunk lesion.

» Posterior cord plexopathy: the radial, axillary, thoracodorsal, and subscapular
nerves all branch off the posterior cord. A posterior cord plexopathy will result in
weakness in elbow extension, wristdrop, and fingerdrop from radial involve-
ment; weakness in shoulder abduction from deltoid involvement; and weakness
in shoulder adduction from latissimus dorsi involvement. Sensory loss will
involve the lateral arm (axillary nerve), posterior arm and forearm (radial nerve),
and the radial aspect of the dorsum of the hand (radial nerve). The triceps and
brachioradialis reflexes will be depressed.

e Neuralgic amyotrophy: this can be preceded by a viral illness, immunization,
childbirth, or other stressor on the immune system. Initially, there is shoulder
pain that is constant and lasts approximately 4 weeks. If severe, this pain may
inhibit functional strength. Neurologic weakness becomes apparent after
1-2 weeks. The pattern of symptoms is usually unilateral in the upper and middle
trunk distribution with the long thoracic and suprascapular nerves being the most
commonly affected [60].

Diagnostics

Electrodiagnostic testing is valuable to localize the lesion and assess the severity of
the brachial plexopathies. There are two parts to the electrodiagnostic exam, the
nerve conduction studies and the needle exam. The nerve conduction studies assess
the speed of conduction in the sensory and motor nerves. Since sensory studies are
normal in radiculopathy, the presence of abnormal sensory studies in conjunction
with an abnormal needle exam in the distribution of the patient’s complaints is diag-
nostic of brachial plexopathy (in the absence of a more distal compressive lesion,
such as median neuropathy at the wrist or ulnar neuropathy at the elbow.)

Treatment

Traumatic injuries to the brachial plexus where the roots are avulsed from the spinal
cord carry a poor prognosis for recovery. In general, the upper trunk lesions are
more favorable since there is residual hand function. Repair should be done as soon
as possible, ideally within days, to maximize recovery. Repair can be done by either
nerve transfer or nerve grafts [61].
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Treatment of radiation-induced brachial plexopathy involves systemic steroids,
anticoagulation, and hyperbaric oxygen treatment [62].

There is no accepted standard of care treatment for neuralgic amyotrophy.
Corticosteroids are commonly prescribed. Van Ejik et al. did a retrospective analysis
of 50 patients with neuralgic amyotrophy treated with steroids compared to a histori-
cal cohort of 203 untreated patients. Median time to a decrease in pain intensity was
12.5 days in the steroid group compared to 20.5 days in the untreated group. Recovery
of strength was seen by the first month in 18 % of the steroid group versus 6.3 % of
the untreated group and after 1 year. Full recovery was found in 12 % of the steroid
group versus 1 % in the untreated group. Side effects were found in 20 % of the treat-
ment group, but did not lead to discontinuation of the steroids [63]. Intravenous
immunoglobulin with pulsed steroids has been used as treatment with good results.
However, there is no trial to study the efficacy of this treatment against others [64].

Conclusion

Median and ulnar neuropathy are by far the most common upper limb entrapment
syndromes. Ulnar neuropathy may be more common in males, but further data is
needed to determine this. The practitioner should be aware of the potential for bra-
chial plexopathy. However rare, this can happen during childbirth, which is unique
to the female. With the exception of median neuropathy at the wrist, treatment is
largely supportive.
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Chapter 5
Lower Limb Nerve Entrapment Syndromes

Kentaro Onishi and Jennifer Baima

Abstract The largest nerve in the body, the sciatic nerve, divides into the pero-
neal and tibial nerves proximal to the popliteal fossa. Patients with peroneal
nerve injury present with foot drop, frequent falls, and dysesthesias over lat-
eral half of anterior leg and/or dorsum of the foot. Gender-related concerns in
peroneal neuropathy include prolonged knee flexion during parturition, female
prevalence of gastric bypass, and female prevalence of ligamentous knee inju-
ries. Patients with tibial nerve injury present with dysesthesias over medial mal-
leolus and/or sole of the foot including the toenails, nocturnal exacerbation of
symptoms, and motor weakness in plantar flexion and/or inversion of ankle.
Gender issues in tibial neuropathy include prevalence of rheumatologic disease
and ligamentous injuries in women.

Nerve lesions can afflict the upper or lower lumbar plexus. Patients with upper
lumbar plexopathies present any combination of the following: weakness in hip
flexion, knee extension, and hip abduction; sensory abnormality in anterior pelvic
area and anterior, medial, or lateral thigh with radiation down to posterior-medial
leg; and absent or decreased deep tendon reflex at the patellar tendon. Patients with
lower lumbosacral plexopathies present with any combination of the following:
weakness in hip extension, hip abduction, knee flexion, and motion at the ankle or
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toes; sensory abnormality in the posterior thigh, all of the leg except for saphenous
nerve area, and both dorsum and sole of the foot; and absent or decreased deep
tendon reflex at the Achilles tendon. Gender issues in plexopathy include parturition-
related injuries and breast and gynecologic cancers.

Keywords Peroneal neuropathy ¢ Foot drop ¢ Tibial neuropathy ¢ Lumbosacral
plexopathy

Peroneal Nerve

Anatomy of the Peroneal Nerve

The peroneal nerve arises from the L4-S1 nerve roots. These nerve roots merge
with nerve fibers of tibial nerve to form the largest peripheral nerve in the human
body, the sciatic nerve. The sciatic nerve exits through greater sciatic notch into
gluteal area. The nerve comes under the piriformis muscle as it makes its way infe-
riorly to posterior thigh. The sciatic nerve then gives off a number of muscular
branches to the hamstring muscles as it courses down posterior-medial thigh along
with long head of biceps femoris. Then, it divides into the common peroneal and the
tibial nerves proximal to popliteal fossa.

The lateral portion of the sciatic nerve innervates the short head of the biceps
femoris proximal to the popliteal fossa, but this will become the common pero-
neal nerve as the nerve divides in the distal third of the thigh. This is the most
distal sciatic-innervated muscle. In some individuals, a sensory branch called
the lateral sural cutaneous nerve courses inferolaterally along the tendon of the
same muscle. The peroneal nerve then sends out the lateral cutaneous nerve of
the knee before it wraps around the lateral aspect of the fibular head. See Fig. 5.1
for schematic of the location of the peroneal nerve at the knee and its relation-
ship to the peroneus longus tendon. Due to its proximity to a hard bony structure
(fibular head) and to its superficial location, the fibular neck is the most common
site of peroneal injury.

As the nerve runs lateral to fibular head, it passes between the fibular head and
peroneus longus tendon. This space is known as “fibular tunnel” and is another site
for entrapment nerve injury. Just distal to the tunnel is the division of the common
peroneal nerve to both deep and superficial peroneal nerves. The deep peroneal
nerve courses inferomedially to innervate dorsiflexors of the ankles and extensors
of toes, while the superficial peroneal nerve stays over on the anterolateral aspect of
the leg to innervate everters of the ankle.

The deep peroneal nerve is also responsible for cutaneous innervation to thefirst
web space, while superficial peroneal nerve supplies the sensation to the middle and
lower lateral calf. The superficial peroneal nerve further divides to medial and inter-
mediate dorsal cutaneous nerves of the foot proximal to the ankle joint, innervating
sensation to dorsum of the foot [1].
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Fig. 5.1 Schematic diagram
of the course of the common
peroneal nerve. The sciatic
nerve (SN) branches into the
tibial nerve (TN) and
common peroneal nerve
(CPN) at the level of the
proximal popliteal fossa. The
common peroneal nerve
winds around the fibular
head, passes below the
peroneus longus tendon (PL),
and then branches into the
superficial and deep branches
(Used with permission from
Kim et al. [66])
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Symptoms and Signs

Patients with peroneal nerve injury present with any of the following complaints:

1. Acute foot drop/foot slap

2. Frequent falls

3. Sensory abnormality (numbness/tingling) over lateral half of anterior leg and/or
dorsum of the foot

Of note, pain is not a common complaint in these patients and is only present in
less than 20 % of this population [2].

History should include inquiry regarding prior trauma, use of external compres-
sion device or garment, ankle sprain, knee osteoarthritis, repetitive activity, surgical
procedure, or weight loss. Trauma to the fibular head is likely to compromise the
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peroneal nerve in this area. One epidemiological study of over 211 peripheral neu-
ropathies (in 158 patients) revealed that the peroneal nerve was the most common
lower extremity nerve to be injured by a trauma and comprised of 15 % of the trau-
matic neuropathies [3]. Additionally, treatment of lower leg injury can contribute to
peroneal neuropathy. A brace or postsurgical dressing that contacts the area around
the fibular neck or over the ankle can compress the nerve.

Forceful inversion, as in rolling the ankle inwards while on the toes, is the
typical mechanism of ankle sprain. This could stretch the peroneal nerve leading
to injury [4]. Also, the peroneal nerve is stretched with approximately 20 % of
knee dislocations [5]. In older patients, a history of osteoarthritis may be signifi-
cant, as osteophytes may deform the knee joint and result in repetitive traction
injury to the nerve [6].

Repetitive squatting, as may occur in a gardener, has been reported to be a cause
of fibular neck peroneal neuropathy. Habitually crossing the legs has a similar
effect. Prolonged anesthesia can cause a compression or stretching injury to the
nerve, depending on the posture of the patient. Prolonged lying in a recumbent posi-
tion is known to cause injury to the nerve at the fibular head.

Hip injuries and their treatment are potential culprits for an injury to the common
peroneal nerve despite their proximal location. This can be due to local compression
of the lateral fibers of the sciatic nerve in the posterior hip, which will eventually
become the peroneal nerve, or stretch injury to the distal peroneal nerve because it
is tethered at the fibular head. The hip injuries implicated in peroneal neuropathy
include acetabular fractures, femur fractures, and posterior hip dislocations. These
injuries result in peroneal neuropathy in 16-33 % of cases [7].

A careful history should include inquiring about eating disorders or weight loss.
Significant or rapid weight loss, such as would occur in anorexia nervosa, bulimia
nervosa, and after gastric bypass surgery, is an important risk factor for developing
peroneal neuropathy, especially at the fibular neck. This occurs due to a decrease in
the protective fat pad around the nerve.

Upon physical examination, one may observe a combination of findings
described in the following section. For all peripheral nerve injuries, the more proxi-
mal the nerve injury, the broader the scope of the neurological involvement present.
Therefore, the following section will review physical examination findings of com-
mon peroneal injury from the most proximal to distal locations.

Although peroneal nerve/sciatic nerve injury at the hip is rare, it should still be
recognized that injury can occur to sciatic nerve before peroneal nerve divides away
from tibial nerve above the knee. It should also be noted that injury to the sciatic
nerve is more likely to result in damage to the peroneal fibers than damage to the
tibial fibers due to nerve fiber topology. The peroneal fibers have been described to
lie more laterally within sciatic nerve sheath when compared with tibial fibers, mak-
ing it more prone to injury [8].

When the peroneal portion of sciatic nerve is injured, the presentation is very simi-
lar to that of peroneal neuropathy at the knee, which will be described below. However,
these patients may complain of an additional sensory abnormality over posterolateral
portion of the leg due to the involvement of lateral sural cutaneous nerve.
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Peroneal neuropathy at the knee affects both superficial and deep peroneal
nerves, resulting in weakness or inability to evert (superficial branch) and dorsiflex
(deep branch) the foot on manual muscle testing. Sensation should also be tested,
and this may reveal abnormality in the distal 2/3 of anterolateral leg and dorsum of
the foot including first web space. Deep tendon reflexes should be normal for the
patellar and Achilles tendons because the patellar reflex is innervated by the L2-1.4
femoral nerve and the Achilles is innervated by the L5-S1.

Gait examination can be extremely valuable in neuropathy. Upon gait observa-
tion, one may note foot slap upon heel contact due to inability to activate dorsiflex-
ors and/or an inverted, plantar flexed foot during the swing phase. Complete inability
to dorsiflex the foot usually results in a steppage gait to clear the foot drop. Steppage
gait is the gait pattern during which one drives the knee higher than usual (as in
marching) to clear the plantar flexed foot.

An injury to the L5 nerve root (known as L5 radiculopathy) and an injury to
lumbosacral plexus (known as lumbosacral plexopathy) can mimic these signs and
symptoms depending on the severity of the injury. To differentiate these two entities
from peroneal neuropathy, one can test the strength of posterior tibialis muscle,
which is primarily innervated by the L5 nerve root and functions to invert the foot.
Since the posterior tibialis is innervated by tibial nerve, one would not expect weak-
ness in inversion if the injury is purely peroneal neuropathy.

Peroneal neuropathy can occur at the ankle with tightly fitted straps or shoes, such
as ski boots. Pressure over this area can cause injury to terminal cutaneous branches
of deep and/or superficial peroneal nerves. Since it most commonly involves medial
and intermediate dorsal cutaneous branches of the superficial peroneal nerve, there
will not be detectable weakness on manual testing, and these patients most com-
monly present with pure sensory deficits. Sensory examination will show numbness
over the dorsum of the foot with sparing of first web space (deep peroneal innerva-
tion). Gait will be normal in peroneal neuropathy at the ankle.

Peroneal Neuropathy and Gender

A number of cases of common peroneal compression neuropathy have been
described in female patients undergoing spontaneous vaginal delivery [9—13]. Most
commonly, the mechanism of injury has been proposed to be due to external com-
pression applied by the patient at or around fibular head or due to forceful knee
flexion. It is therefore common practice to advise laboring mothers against holding
the lateral knees during the spontaneous vaginal labor as this can predispose them
to common peroneal nerve injury. However, at least one case has been reported
where the mother had developed a foot drop 2 days after delivery despite holding
distal the posterior thighs as advised by a gynecologist. The author of this case
report concluded that the mechanism of injury was due to a prolonged forceful
compression of the posterior thigh proximal to popliteal fossa leading to peroneal
neuropathy [13].
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Systemic lupus erythematosus has been found to increase one’s chance of devel-
oping mononeuropathy multiplex with predilection to the peroneal nerve and sural
nerves [14]. Since there is approximately a ninefold chance of developing SLE in
females [15], as compared to males this phenomenon is noteworthy.

Gastric bypass surgery is increasingly popular among female patients due to the
obesity epidemic. According to a report that surveyed gastric bypass surgeries per-
formed in the state of New Hampshire from 1996 to 2007, of the near 3,000 bypasses
performed, 78.1 % were for female patients [16]. As in the case of anorexia, sudden
weight loss associated with the bypass has been documented to result in an isolated
peroneal neuropathy. One case reports bilateral peroneal involvement at the knee
severe enough to require a surgical decompression of the nerve [17]. It is also
important to recognize the bypass population is more prone to nutritional polyneu-
ropathy than those without the gastric bypass due to resultant vitamin B12 and
folate deficiency.

Finally, it should be remembered that women have as much as a five times increased
risk of sustaining anterior cruciate ligament (ACL) injury as compared to men [18,
19]. Often, the landing position and postural biomechanics in athletic competition
have been attributed as the reason for such gender discrepancy. The female lands more
erect due to more anterior center of gravity with less active hamstrings and valgus
conformation of the knees, which loads the ACL more than male counterparts.
However, peroneal neuropathy is more closely associated with iatrogenic injury from
ACL reconstruction procedure than nerve trauma from ACL sprain or tear [20].

Diagnosis and Treatment

When diagnosis is difficult, radiographs at the knee can evaluate for a bone lesion
of or near the proximal fibula. An MRI can evaluate for soft tissue changes or a
mass lesion as a cause of peroneal neuropathy. If imaging fails to establish a clear
diagnosis, then the patient should be referred for electrodiagnostic studies.

Electrodiagnostic testing involves two distinct parts: nerve conduction studies
(NCSs) and needle electromyography (EMG). The NCS utilizes electrical conduc-
tion to test for severity of injury as well as the location of the injury. It is used to see
if the injury involves axons, myelin, or both. Injury involving an axon usually pres-
ents with much slower recovery than an injury involving the myelin alone. The
second portion is the needle EMG, which involves placing a small pin inside the
muscle. This assists in determining the acuity of the problem and further helps
detailing the location and severity of the lesion. Combining both nerve conduction
and electromyography not only provides information on prognosis for recovery but
can help localize the lesion.

Since peroneal neuropathy is a type of peripheral neuropathy, the injury usually
recovers spontaneously. Even in the traumatic cases, such as hip dislocation or
fracture-dislocation, approximately 60-70 % of sciatic or peroneal injuries will
have reasonable spontaneous recovery [21]. Therefore, the treatment is usually
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prevention of further damage (removal or loosening of tight fitted clothing, braces,
or cast, or placement of extra padding over the fibular head) and avoidance of exac-
erbating activity.

The physician can also assist the patient while healing by ordering an ankle-foot
orthoses (AFO) if foot drop and frequent falls are of hindrance to their daily activity.
The AFO is available in different materials, and the trim lines and ankle position can
be adjusted depending on the severity of the foot drop. These devices range from the
newer lightweight carbon fiber energy return AFO to a traditional polypropylene
AFO used for more severe foot drop. The device can be solid or articulated at the
ankle joint to preserve range of motion.

If pain is a complaint, then topical agents such as capsaicin or lidocaine may be
considered before resorting to systemic agents. For neuropathic pain, tricyclic anti-
depressants, gabapentin, pregabalin, and duloxetine can be considered depending
on medical comorbidities and efficacy for the individual patient.

Physical therapy should be offered in conjunction to provide range of motion and
strengthening exercises. Pain can be mitigated in physical therapy by application of
physical modalities by the therapist such as heat, ice, electrical stimulation, or the use
of iontophoresis, which involves application of topical corticosteroid by the physical
therapist who then applies electrical current [22]. Observational studies have demon-
strated that the density or severity of the foot drop appears to correlate with the prog-
nosis for spontaneous recovery [23]. In the case of significant trauma or nerve
transection, referral to neurosurgery will be most effective within the first 5 months
post-injury. For nonsurgical specialists, it is important to bear in mind that nerve repair
in excess of 5 months is associated with a poorer outcome [24]. Surgical timing
depends on the type of peroneal nerve lesion. Sharp lacerations can be repaired imme-
diately, but 2—4 weeks is recommended for blunt lacerations. Nerve trauma due to
gunshot wounds is typically surgically explored at 3 months post-injury. In the absence
of nerve transection, lesions are usually monitored for 3 months for clinical or electro-
myographic improvement prior to surgical intervention [25].

Tibial Nerve

Anatomy of the Tibial Nerve

The tibial nerve arises from nerve roots L4-S3 to initially form the sciatic nerve.
The sciatic nerve exits from greater sciatic foramen superior to sacrospinous liga-
ment and inferior to piriformis muscle and enters the gluteal area. The sciatic nerve
then descends and enters the thigh posteriorly.

The sciatic nerve lies just posterior to adductor magnus muscle and anterior to
long head of biceps femoris. As it descends posterior thigh, the tibial portion of
sciatic nerve sends motor innervation to all hamstring muscles, except the short
head of biceps femoris (from medial: semimembranosus, semitendinosus, and long
head of biceps femoris muscles).
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The tibial nerve proper arises from the medial branch of the sciatic nerve just
proximal to the popliteal fossa. The tibial nerve then descends through the popliteal
fossa and enters the posterior compartment of the leg under tendinous arch of soleus
muscle. As tibial nerve enters the popliteal fossa, the first cutaneous branch is given
off called medial sural cutaneous nerve, which joins with abovementioned lateral
sural cutaneous nerve to form sural nerve proper. The tibial nerve in the leg also
gives rise to a number of motor branches to supply all posterior leg muscles.

Another cutaneous branch called medial calcaneal nerve branches off the tibial
nerve before the tibial nerve enters into the sole of the foot through medial ankle via
the flexor retinaculum or the so-called tarsal tunnel. This is the most common site
of tibial nerve entrapment and/or neuropathy. Once in the sole of the foot, the tibial
nerve bifurcates to the medial plantar nerve and lateral plantar nerves. Both terminal
branches are both motor and sensory nerves responsible for intrinsic muscles of the
foot as well as sensation of the sole of the foot (medial plantar nerve supplies sensa-
tion to medial sole, while lateral plantar nerve is responsible for lateral sole) [1].

Symptoms and Signs

Patients with tibial nerve injury present with any of the following complaints:

1. Sensory abnormality (pain/numbness/tingling) over medial malleolus and/or
sole of the foot including the toenails

2. Nocturnal exacerbation of symptoms

3. Motor weakness in plantar flexion and/or inversion of ankle (rare)

Of note, pain is usually the earliest sign of tibial neuropathy, and it may have been
already improved at the time of presentation. Currently, there is no universal consensus
in terms of which clinical findings make up the diagnosis of tarsal tunnel syndrome (the
most common type of tibial neuropathy), although plantar foot dysesthesias and noctur-
nal exacerbation of symptoms are frequently reported in tarsal tunnel syndrome [26].

History should include inquiry regarding trauma, foot deformities, repetitive motion,
and autoimmune disease. Obvious trauma to posterior knee or over the medial malleo-
lus area may cause tibial neuropathy. Foot deformities may be a contributing factor.
Some authors have related increased tibial nerve tension and incidences of tarsal tunnel
syndrome to pes planus. They explained the tensile force is applied every time the arch
collapses upon weight bearing during gait [27]. Injury from repetitive motion occurs
most often in the competitive athletic populations that perform repetitive high jumps
such as soccer, volleyball, track (high jump), basketball, and gymnastics [28]. For this
population, early surgical intervention should be considered. A history of rheumatoid
arthritis, ankylosing spondylitis, and Reiter syndrome are known to cause proliferative
sinusitis, leading to possible compression of tibial nerve near the tarsal tunnel.

Other than direct trauma to posterior knee, formation of Baker cysts (popliteal
cyst) or popliteal artery aneurysms can cause tibial mononeuropathy at this location.
In fact, tibial nerve neuropathy at the knee was observed in over one fifth of the Baker
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cyst cases reported in a comprehensive literature review [29]. Intraneural ganglion
cyst has also been documented to cause similar symptoms at the popliteal fossa [30].

On physical examination, one may observe a combination of findings described
below. Patients with tibial neuropathy at the knee will likely present with sensory
alteration at the heel, sole of the foot, and over the toenails. In addition, such injury
may damage the medial sural cutaneous nerve and may cause sensory change in the
lateral dorsum of the foot.

When compared to the more distal tarsal tunnel syndrome, these patients will
more likely present with weakness in plantar flexion and inversion as motor inner-
vation to posterior leg muscles (gastrocnemius, soleus, and tibialis posterior mainly)
is typically involved. In chronic cases, muscle atrophy may be seen as calf atrophy
on visual inspection. The Achilles tendon reflex may be diminished or absent on
neurological examination. If tibial neuropathy is suspected at the knee, palpation
over popliteal fossa may reveal the presence of a Baker cyst.

When tibial nerve injury occurs as the nerve crosses the ankle, it is referred as
tarsal tunnel syndrome (TTS). Due to its superficial location, TTS is most com-
monly caused by trauma sustained during an athletic event to the medial aspect of
the ankle joint. As mentioned above, repetitive traction force on the nerve experi-
enced by patients with pes planus can also cause TTS.

Space-occupying lesions, although not related to sports activity, can cause TTS.
It is important to recall that tarsal tunnel, or flexor retinaculum of the foot, has very
limited space with many structures passing through it [31]. Hypertrophy of flexor
hallucis longus tendon has been documented as a cause of TTS. Lipoma, perineural
fibrosis, neuroma, presence of an accessory foot muscle, or ganglion cyst has been
documented to cause TTS via mass effect [32-34]. Physical examination will likely
reveal sensory deficits over sole of the foot and over the toenails, but sparing dor-
sum and lateral aspect of the foot. Motor weakness is usually difficult to assess as
major plantar flexors and inverters of the foot are still intact. In severe cases, one
may notice wasting of intrinsic foot muscles. Since motor innervation to posterior
leg is intact, the Achilles tendon reflex should be normal. Gait examination should
be performed with specific attention paid to ankle or foot deformity.

Tibial Neuropathy and Gender

Any acute or chronic condition that results in inflammation of the surrounding
structure of the knee synovial membrane can predispose one to an increased chance
of developing a Baker cyst [35, 36]. Rheumatoid arthritis, for which female sex is a
risk factor, predisposes the patient to synovitis and may make Baker cyst more
likely. Also, as stated above, ACL injury is about five times likely in females. Partial
ACL tear often goes undetected due to its asymptomatic nature, but such tears are
known to lead one to premature development of OA of the knees [37]. When such
OA develops, it can lead to increased risk of OA, leading to theoretical increased
risk of compression tibial neuropathy at the knee for females.
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Diagnosis and Treatment

In case of trauma-related suspected tibial neuropathy, radiographs of the knee or
ankle should be ordered to evaluate for fractures and bone spur formations. Stress
fracture can happen to the talus, and this can manifest as medial ankle pain without
obvious trauma. When tendinopathy or soft tissue abnormality such as cyst forma-
tion or mass compression is suspected, MRI or musculoskeletal ultrasound can be
performed to evaluate for such etiology. This may help to identify the presence of
accessory muscles or proliferative synovitis.

Differential diagnoses to consider in a patient with suspected TTS include plan-
tar fasciitis and medial ankle sprain. With plantar fasciitis, the patient usually com-
plains of immediate heel pain on the first step out of bed. Medial ankle sprain is
usually diagnosed based on history and is extremely rare due to a strong deltoid
ligament. Ankle sprain is more likely to cause peroneal neuropathy than tibial neu-
ropathy since it typically affects the lateral ankle.

Electrodiagnostics can be helpful in localizing the lesion. According to one of
the most comprehensive literature reviews in Muscle and Nerve, abnormalities of
tibial motor NCSs, mixed nerve studies, and/or sensory studies of plantar nerves are
possibly effective in diagnosing TTS in TTS-suspected populations based on his-
tory and physical (level C, level III evidence) [26]. As for needle electrodiagnostic
examination, it is useful to rule out other mimickers of TTS such as S1 radiculopa-
thy or lumbosacral plexopathy.

Treatment is usually conservative and symptomatic for TTS caused by a trauma
or stretching injury. Local therapy using topical NSAIDs with concurrent physical
therapy can often be helpful to reduce local swelling and ease painful sensation for
patients with TTS. Steroid injection to tarsal tunnel can be performed with or with-
out MSK US guidance for symptomatic relief in traumatic cases. Other neuropathic
agents such as gabapentin, pregabalin, amitriptyline, and duloxetine can be consid-
ered for severely pain in cases of TTS.

If pes planus was noted during the visual inspection or gait examination, trac-
tion may contribute to worsening of the neuropathic symptoms. In such cases,
an orthotist can determine the appropriate shoe insole to prevent further pro-
gression of the disease [38].

When a mass or a cystic lesion is seen on magnetic resonance imaging or musculo-
skeletal ultrasound at the knee or at the tarsal tunnel, these cases should be most prop-
erly addressed by a referral to a surgeon for characterization of the mass and evaluation
for possible mass removal or cyst decompression. As for a traumatic tibial nerve injury,
the same “5 months to repair” rule applies with electrodiagnostic result suggestive of a
transection of the tibial nerve. In the presence of a space-occupying lesion that does not
respond to conservative treatment, surgical exploration is warranted.

Baker cysts are usually treated by addressing the underlying etiology. Since a
Baker cyst likely follows an inflammatory reaction or meniscal lesion in the knee
joint, oral NSAIDs, physical modalities such as icing, compression dressing, or
steroid injection can all be considered. These are no longer typically aspirated as
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they can recur. They can rupture spontaneously, which may result in a temporary
increase in calf pain. In severely symptomatic cases, evaluation of and possible
surgical repair of an associated meniscal lesion should be considered.

Sural Nerve

Anatomy of the Sural Nerve

The sural nerve, primarily S1 nerve root derived [39], arises by unity of medial sural
cutaneous nerve and lateral sural cutaneous nerve (peroneal anastomotic or com-
municating branch of common fibular nerve). The medial sural cutaneous nerve is a
sensory branch of tibial nerve that arises just distal to popliteal fossa, projecting
superficially to innervate skin area over lateral head of gastrocnemius muscle.

The lateral sural cutaneous nerve is a sensory branch of common peroneal nerve
that arises just before common peroneal nerve wraps around the fibular head, pro-
jecting inferomedially to join medial sural cutaneous nerve. Lateral sural cutaneous
nerve innervates sensation over posterolateral aspect of proximal leg.

At the distal one third of the posterior leg in between two heads of gastrocne-
mius, the sural nerve proper forms, and it runs inferiorly in proximity with small
saphenous vein while innervating distal one third of posterolateral area of the leg,
lateral ankle posterior to lateral malleolus, as well as dorsolateral aspect of the foot
and fifth digit [1].

Signs and Symptoms

Patients with sural neuropathy present with a sensory abnormality (pain/
numbness/tingling) over:

1. Distal 1/3 posterolateral leg
2. Lateral ankle
3. Dorsolateral aspect of the foot and fifth toe

Of note, the incidence of sural mononeuropathy is rare. Of all nerves, systemic
vasculitis is most likely to affect the sural nerve. The sural nerve is purely sensory,
and removal results in relatively trivial deficit so this nerve is often employed for
location of nerve biopsy or nerve graft harvesting.

History taking should include inquiry regarding a history of autoimmune disorder,
connective tissue disorder, trauma, external compression, stretch injury, or varicosities.

Three types of vasculitis are particularly associated with peripheral polyneu-
ropathy known as vasculitic neuropathy [40]. These are (1) ANCA-associated vas-
culitis (such as Wegener’s vasculitis, microscopic polyangiitis, and Churg-Strauss
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syndrome), (2) polyarteritis nodosa, and (3) mixed cryoglobulinemia. In these
vasculitides, the sural nerve has been reported to be the most commonly involved
peripheral nerve, making it to the most useful nerve to biopsy for tissue diagnosis.

Although vasculitic polyneuropathy is a common systemic reason for sural neu-
ropathy, the most common cause of isolated sural neuropathy is blunt trauma to
lateral ankle and/or foot and its surgical treatment if fracture exists [41]. As a rare
cause, blunt trauma to posterior leg has been reported to result in sural mononeu-
ropathy. A case of sural neuropathy has been reported due to a trauma to the gastroc-
nemius muscle with resultant hematoma formation. This leads to scarification of
deep fascia of gastrocnemius muscle and development of sural compression neu-
ropathy [42]. A history of wearing a tight fitted shoes or ankle sprain should be
elicited in cases of sural neuropathy [43]. Finally, iatrogenic causes, such as a small
saphenous vein stripping procedure for treatment of varicose veins, have been docu-
mented to cause sural neuropathy in some case reports [44].

Physical examination may reveal alteration of sensation in posterolateral distal
one third of the leg, lateral ankle posterior to lateral malleolus, and dorsolateral foot
and fifth toe. Tinel’s sign can be performed by tapping anywhere along the nerve,
but most commonly tested by tapping area just lateral to musculotendinous junction
of the proximal Achilles tendon.

Sural Neuropathy and Gender

Of abovementioned causes of sural nerve neuropathy, the only diagnosis that has
known predilection to affect females is mixed cryoglobulinemia (also known as
type II or type III cryoglobulinemia). This represents approximately 80 % of all
cryoglobulinemia and is usually associated with connective tissue such as systemic
lupus and Sjogren syndrome.

Diagnosis and Treatment

In the presence of trauma, radiographs, MRI, and MSK US can all be considered to
evaluate the affected area. Electrodiagnostics can be of value, particularly because
this enables one to differentiate sural neuropathy from S1 radiculopathy, which can
also cause plantar foot dysesthesia. Of note, electrodiagnostics have been found to
diagnose about two thirds of cryoglobulinemia.

In the absence of obvious trauma or mass lesions, but with clinical and electrodiag-
nostic findings of sural neuropathy, vasculitis and connective tissue disorder workup
can be considered [45]. This should include serology for ANA (antinuclear antibody),
ANCA (antineutrophil cytoplasmic antibodies), cryoglobulins, and RF (rheumatoid
factor). Additional serology may include CBC with differential, basic metabolic panel
(to assess kidney function), hepatitis C titer (as this may cause cryoglobulinemia), and
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antibody for double-stranded DNA (specific to SLE) and antibody to nuclear antigens
(anti-Sm, Anti-Ro, Anti-La, Anti-RNP). Nerve and/or muscle biopsy can also be done
as a confirmatory test when above history, physical, and serology studies are indicative
of vasculitic neuropathy. Most frequently, these vasculitides result in axonal injury.

Treatment is usually supportive for pain control with topical or oral NSAIDs and
neuropathic pain agents. Of course, modalities such as icing or TENS unit can be
considered. For systemic causes of sural neuropathy such as vasculitic neuropathy,
treatment should be directed to underlying conditions once diagnosis is made.
Referral to the rheumatologist should be considered.

Lumbosacral Plexus

Anatomy of the Lumbosacral Plexus

A group of anterior rami from spinal nerves between L1 and S3 come together to form

a bundle of nerves called lumbosacral plexus. This plexus can be anatomically divided

to two parts. L1-L4 anterior rami form the upper lumbar plexus, while L5—S3 form the

lower lumbosacral plexus, with a small contribution from the L4 nerve roots [1, 46].
The upper lumbar plexus gives rise to the following six nerves:

1. Iliohypogastric nerve (L1: motor to abdominal muscles, sensory to lower ante-
rior abdomen)

2. Ilioinguinal nerve (L1: motor to abdominal muscles, sensation to groin and very
small portion of medial thigh as well as upper half of scrotum/labia majora)

3. Genitofemoral nerve (L1-L2: motor to cremasteric muscle, sensation to skin
over lower half of scrotum/labia majora as well as anterior-medial thigh)

4. Lateral femoral cutaneous nerve of the thigh (L2-L3, sensation to a large area in
anterolateral thigh. It wraps around the anterior superior iliac crest where entrap-
ment or trauma can damage this nerve.)

5. Femoral nerve (L2-L4 posterior division: motor innervation to iliopsoas/hip
flexor, pectineus, sartorius, and quadriceps muscles/knee extensors. Sensory
innervation to skin area over posterior-medial calf via saphenous nerve)

6. Obturator nerve (L2-L4 anterior division: motor to thigh abductors. Sensory over
a small area in medial thigh, inferior to area covered by genitofemoral nerve)

The lower lumbosacral plexus gives rise to the following nerves:

1. Superior gluteal nerve (L4-S1, motor to gluteus medius and minimus muscles/
hip abductors)

2. Inferior gluteal nerve (L5-S2, motor to gluteus maximus/hip extensor)

3. Posterior cutaneous nerve of the thigh (S1-S3, sensation over lower buttock and poste-
rior thigh. Exists in proximity to sciatic nerve; therefore, concurrent injury is common).

4. Sciatic nerve (L4-S3, motor to hamstrings and foot/ankle muscles as detailed
above. Sensation over the entire leg with exception of posterior-medial leg)
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The smaller and less clinically significant nerve to the obturator internus, nerve
to the quadratus femoris, and nerve to piriformis will be omitted to focus on the
more likely clinical syndromes.

Signs and Symptoms

Signs and symptoms will be better understood when presented in accordance with
the anatomic division of the plexus [46].
Patients with upper lumbar plexopathies present any combination of below findings:

1. Weakness in hip flexion (iliopsoas involvement, femoral nerve), knee extension
(quad involvement, femoral nerve), and hip abduction (abductor involvement,
obturator nerve)

2. Sensory abnormality (pain/numbness/tingling) in anterior pelvic area, anterior,
medial, lateral thigh with radiation down to posterior-medial leg (saphenous nerve)

3. Absent or decreased deep tendon reflex at patellar tendon

Patients with lower lumbosacral plexopathies present with any combination of
below findings:

1. Weakness in hip extension (gluteus maximus involvement, inferior gluteal
nerve), hip abduction (gluteus medius and gluteus minimus involvement, supe-
rior gluteal nerve), knee flexion (hamstrings, sciatic nerve), and any motion at
the ankle or toes (common, deep, superficial peroneal nerve and tibial nerve)

2. Sensory abnormality (pain/numbness/tingling) in posterior thigh, all of the legs
except for saphenous nerve area, and both dorsum and sole of the foot

3. Absent or decreased deep tendon reflex at the Achilles tendon

In lower lumbosacral plexopathies, peroneal nerve fibers are preferentially
affected compared to those of the tibial nerve. This is often attributed to fiber topol-
ogy. Therefore, when patient presents with only foot drop, one should never assume
it is an isolated peroneal neuropathy, and a thorough physical exam is critical.

Careful history taking may reveal a history of trauma, coagulopathy, malignancy,
radiation, diabetes, infection, and recent childbirth. Direct, penetrating trauma with
sharps or gunshots can directly damage the plexus. Also, a secondary injury due to a
pelvic or sacral fracture can result in lumbosacral plexopathy due to bony displace-
ment onto the plexus. The incidence and severity of the plexopathy was related to the
instability of the fracture (defined as anterior vs. lateral vs. posterior) and the number
of anatomic locations fractured [47]. Upper lumbar plexus involvement is more com-
mon with direct trauma, while lower lumbosacral plexus involvement is more com-
mon with secondary trauma from pelvic fracture due to the proximity to the pelvic
bones [48]. Injury near the sacroiliac joint has a much higher risk of lumbosacral
plexopathy (upper and lower), when compared with other types of pelvic fracture.

Retroperitoneal hemorrhage or hematoma formation is well known to cause lum-
bosacral plexopathy and can occur spontaneously in the setting of coagulopathy or



5 Lower Limb Nerve Entrapment Syndromes 85

anticoagulation therapy [49]. Abdominal and pelvic malignancy has been reported to
cause compression plexopathy. Malignancy known to result in the plexopathy can be
related to the cancers of the bladder, uterine, prostate, rectum, and pelvic bones.
These are usually slowly progressive, and the earliest sign is usually the severe uni-
lateral pelvic pain with or without radiation down to the legs. Often, the pain is
described to be constant and achy. It is important to note that pain is rarely described
as “burning or sharp.” Focal neurological symptoms usually follow the onset of pain.

Since this may be the earliest presenting symptom of the malignancy, it is impor-
tant to ask about a personal or family history of cancer. About 75 % of cancer-
related lumbosacral plexopathy is of local origin and due to direct extension [50].
Colorectal tumor comprises the highest proportion of such causes to account for
20 % of malignancy-induced lumbosacral plexopathy cases.

Breast cancer, an non-intra-abdominal tumor, interestingly accounts for 11 % of
lumbosacral plexopathies [50]. Although rarely reported, a recent case series of two
patients with Ewing’s sarcoma who presented with isolated neuropathic or muscu-
loskeletal pain reminds clinicians to always consider malignancy in the setting of
neuropathic pain [51].

Radiation-induced lumbosacral plexopathy typically presents between 1 and
5 years after initial treatment although it has been documented as early as 1 month
and as late as 31 years [52]. Unlike malignancy-induced lumbosacral plexopathy,
the patient usually presents with painless weakness. Pain is said to be present in
only 10 % of patients with radiation-induced lumbosacral plexopathy [53]. Bladder/
bowel incontinence is also a common complaint in these patients.

Diabetes is an important cause of lumbosacral plexopathy. Formally known as
diabetic amyotrophy, other names used include Bruns-Garland syndrome, proximal
diabetic neuropathy, or diabetic lumbosacral radiculoplexopathy [54]. This condi-
tion is often characterized by a severe, disabling deep pelvic pain with subsequent
development of asymmetric development of weakness in lumbosacral plexus distri-
bution. Exact pathophysiology is still unknown but is suspected to be an immune-
mediated inflammatory process [55]. This condition should be recognized as a
separate entity from diabetic sensory neuropathy. Only 0.1 % of diabetics have been
reported to develop this condition, with a preference for type II diabetics. There has
not been any report on a particular discrepancy between the sexes [56]. The major-
ity of cases reported are in patients with 50 years of age or above, and young patients
presenting with this condition are very rare [57].

Idiopathic lumbosacral plexopathy or plexitis should be suspected in patients
who do not demonstrate an inflammatory, infectious, neoplastic, iatrogenic, or met-
abolic cause described above. Clinically, these patients present very similarly to
diabetic amyotrophy with regard to signs and symptoms but without a history of
diabetes. Certain infections including herpes simplex virus, herpes zoster, and
Borrelia have been documented to cause lumbosacral plexopathy [58].

Once signs and associated history point to possible lumbosacral plexopathy,
physical examination should entail a detailed neurological and musculoskeletal
examination documenting any focal neurological deficits or atrophy of the lower
limb muscles.
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Postpartum maternal lumbosacral plexopathy (intrapartum maternal lumbosacral
plexopathy or maternal birth palsy) is a type of compressive plexopathy associated
with parturition as the fetal head engages in the pelvic outlet. The plexus can get
compressed with head of the fetus, resulting in various symptoms seen in lumbosa-
cral plexopathy. Classically, the lesion is said to occur most commonly at lumbosa-
cral trunk where a branch off of L4 nerve root joins L5 nerve root in this type of
injury. Some physicians believe this is due to the fact that the lumbosacral trunk is no
longer cushioned by the presence of psoas muscle in between the plexus and head of
fetus. These patients may also present with significant weakness in hip abductors due
to proximity of the origin of superior gluteal nerve to such compression site.

Although both common peroneal nerve and tibial nerve fibers are compressed within
the sciatic nerve sheath in postpartum lumbosacral plexopathy, common peroneal nerve
fibers are more commonly injured due to its proximity to the bony structures. As previ-
ously discussed earlier in this chapter, careful neurological and musculoskeletal exami-
nation can differentiate peroneal neuropathy from a sciatic or plexus lesion. Incidence of
maternal obstetric injury is reported to be 1:2,000 to 1:6,400 deliveries [59].

Due to the proximity of the structures to the plexus, both benign and malignant
gynecological cancers are known to cause compressive plexopathy. Leiomyoma, a
benign tumor of the uterus, has been documented as a cause of such gynecological
neoplastic plexopathy although rare [60]. The majority of such plexopathy is still
due to malignancy of the intra-abdominal cavity, retroperitoneal space, and pelvis
including malignancy of the ovary, cervix, and uterus. It is very important to remem-
ber breast cancer is a significant cause of bilateral lumbosacral plexopathy, as 25 %
of bilateral lumbosacral plexopathy is due to breast cancer metastasis [61].

Finally, it should be remembered the risk of lumbosacral plexopathy is increased after
a kidney transplant in hypertensive females due to unknown mechanisms. The kidney
transplant is proposed to result in the plexopathy either due to uremic nerve injury or
direct surgical injury. Female patients who undergo a kidney transplant have been
reported to have 1.32 times increased risk when compared to male counterparts [62].

Diagnosis and Treatment

After careful history and physical examination, one should consider imaging stud-
ies with radiographs, CT, MRI, or ultrasound. Referral to a physiatrist or a neurolo-
gist for electrodiagnostic testing is helpful. The nerve conduction portion will
clarify whether the injury is due to damage to a nerve root, plexus, or peripheral
nerves. The electromyography portion will not only help determine the temporal
course of the pathology, but EMG could potentially identify a myokymic discharge
pattern in an affected weak muscle. This is pathognomonic for radiation-induced
lumbosacral plexopathy or nerve injury. Imaging will likely be necessary to rule out
a neoplastic cause. If malignancy is suspected, serology for tumor markers along
with basic labs including CBC, CMP, and ESR should be performed.
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Treatment of lumbosacral plexopathy usually requires referral to an appropriate
specialist once diagnosis is made. Since most trauma-induced or bleeding-related
lumbosacral plexopathy presents to the emergency room, these patients should be
promptly evaluated by one of the surgical specialists. If workup reveals malignancy,
referral to an oncologist will determine treatment options.

When history and physical are strongly suggestive of diabetic amyotrophy, it is
important to remember that tight glycemic control is associated with favorable out-
comes. Prognosis is usually good with 60 % of patients improving over 1-2 years
time. However, some of these patients may still have some residual weakness or
sensory alteration afterwards. Relapse has been documented in as many as 20 % of
these patients [63]. IVIG has been tried with some success, suggesting a possible
inflammatory mechanism of diabetic amyotrophy [64, 65].

In idiopathic lumbosacral plexopathy, it is important to recognize that this is a
diagnosis of exclusion and clinical diagnostic criteria are as follows:

1. Acute onset of leg pain followed by weakness and/or atrophy (similar to diabetic

amyotrophy)

2. EMG revealing a patchy pattern of denervation in the distribution of part or all of
the lumbosacral plexus but not in the paraspinal muscles (However, diabetic amy-
otrophy may involve paraspinals due to possible involvement of nerve roots.)

. Exclusion of all other causes of lumbosacral plexopathy discussed above

4. Eventual recovery, often incomplete, over the following months to years [57]

similar to diabetic amyotrophy

(O8]

When some of the above-listed life-threatening causes of lumbosacral plexus
injury have been ruled out, the practitioner should consider supportive use of orthosis
or bracing to improve functional independence in these patients with motor weakness
or abnormality in proprioception. Physical therapy should be considered to help facili-
tate recovery of the strength lost and to teach compensatory techniques.

Conclusion

Peroneal neuropathy is by far the most common lower limb entrapment neuropathy,
likely due to its vulnerability at the fibular head. Care should be taken during partu-
rition to prevent compromise of this nerve or any of the other lower limb nerves.
Treatment is largely symptomatic. Physical therapy is of paramount importance, but
orthotics may be helpful in the case of prolonged impairment.
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Chapter 6
Osteoarthritis and Gender-Specific
Joint Replacement

Dean Ehrlich, Nicholas Colacchio, and Eric L. Smith

Abstract Osteoarthritis is a debilitating joint disease which primarily affects
women for reasons that remain unclear. There are many treatment options available
to address the pain and loss of function in osteoarthritis, ranging from noninvasive
physical therapy to total joint replacement. Most of the treatments are gender neu-
tral, but recently knee implants have been marketed to women as gender specific.
This chapter reviews the most recent literature on these topics.

The literature suggests that gender-neutral knee and hip implants used for total
joint replacements are equally beneficial in both men and women. Gender-specific
knee implants have not shown any increased benefit in short-term studies, and it
remains to be seen how they will compare to gender-neutral knee implants in the long
term. There are no gender-specific hip implants on the market, and there is not a clear
consensus about whether the production of a gender-specific hip is necessary.
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NSAIDs Nonsteroidal Anti-Inflammatory Drugs

OA Osteoarthritis

OP Osteoporosis

THR Total Hip Replacement
TKR Total Knee Replacement
Introduction

Osteoarthritis (OA) is a degenerative joint disease caused by a combination of genetic,
mechanical, and inflammatory factors that are not well understood. Most patients
present with cartilage destruction, narrowed joint space, and osteophyte formation,
which result in pain and loss of function (Fig. 6.1a, b) [1]. OA is the most prevalent
joint disorder [2] and leading cause of disability in the USA [3]. The cost of treatment
and loss of function makes OA a huge financial burden to individuals and society [4].

Epidemiologic studies consistently show that women have an increased risk over
men for developing knee and hip OA, the two most common forms of the disease
[5, 6]. To make matters worse, women with OA generally express higher levels of
pain than men with OA, even when compared with men who have the same radio-
graphic severity of OA [7-9]. The pain of OA not only limits physical function but
has psychological impact as well; women with OA report lower satisfaction in life
than women without OA [10].

With such widespread impact, it is important for women to understand current
risk factors and prevention for development of OA, updated recommendations for
management of OA, and whether women should be receiving different or supple-
mentary treatment to achieve the most optimum outcomes.

In this chapter, we will explore:

* Some of the potential reasons why women are at greater risk for developing OA,
with specific attention paid to knee OA and hip OA
e Treatments prior to total joint replacement for knee and hip OA

— Treatments specific to women
» Total joint replacement as an option for treating knee and hip OA

— Do women and men have similar outcomes with standard total joint replacement?
— Are gender-specific replacements necessary?

Women and Osteoarthritis

Loss of cartilage is an important risk factor for developing osteoarthritis (OA) [1].
Women are at an especially high risk because they generally lose cartilage in the
knee at a faster rate than men [11]. The influence of estrogen on cartilage loss and
OA development as estrogen levels change during menopause has been investigated
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Fig. 6.1 (a, b) Pathogenesis of knee (a) and hip (b) OA
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Male ’ Female

Q-angle

Fig. 6.2 Q angle. Draw a line from the anterior superior iliac spine of the hip to the patella, then another
line from the patella to the tibial tuberosity. The Q angle is measured in between these two lines

[12]. Despite two decades of research, the impact of estrogen levels on OA is incon-
clusive and the mechanism by which estrogen physiologically affects cartilage
remains elusive [13]. Interestingly, genetic variations in genes for estrogen recep-
tors have been associated with either higher or lower rates of OA, implying that the
estrogen hormone does play some role in OA [14, 15]. Much of the research on
estrogen and OA has focused on hormone replacement therapy (HRT), which will
be discussed in detail in the treatment section; however, results of HRT on OA are
similarly equivocal.

There are many anatomic differences between men and women in the knee and
hip joints. Joint malalignment has been shown to negatively affect the progression
of OA [16, 17], and therefore, different anatomic factors in women could poten-
tially predispose women to higher levels of OA than men. Women generally have
wider hips [18] and a larger Q angle than men (Fig. 6.2) [19, 20]. Women also
have a thinner patella [21], and differences in the development of knee cartilage
from an early age have been noted, which could account for the decreased knee
cartilage thickness that is seen in adult women [22]. Women are predisposed to a



6 Osteoarthritis and Gender-Specific Joint Replacement 95

higher rate of anterior cruciate ligament injuries [23, 24], which has been associ-
ated with knee OA later in life [25, 26].

Obesity is a risk factor for development of OA for men and women [27], impact-
ing joints mechanically and hormonally. The knee absorbs between two and five
times the normal body weight of an individual, so the increased body weight in obe-
sity is hypothesized to add significant mechanical pressure to the knee with each step
taken [27]. However, the increased mechanical strain can only explain part of the
increase of OA with obesity, because there is also an association between obesity and
increased risk of hand OA [28-30]. Interestingly, obesity is not associated with an
increase in hip OA [30, 31]. One possible hormonal explanation for the correlation
between obesity and OA is that the increased adipose (fat) tissue releases certain
chemical signals, which could systemically affect the joints of the body. One chemi-
cal hypothesized to be involved is called leptin, which is released by adipose cells
[28]. Women generally have a higher percentage of body fat than men [32], so this
could be part of the explanation for why women have a higher prevalence of OA. In
fact, one recent study found that obese women having higher leptin levels were asso-
ciated with an increased chance of developing knee OA [33]. Indeed, weight loss is
a recommended treatment for OA for both men and women (see treatment section).

The prevalence of osteoporosis (OP) (disease of decreased bone density) is much
higher in women [34], and there have been links between OP and OA, although the
exact relationship is uncertain. According to a recent report by the National Institutes of
Health Osteoporosis and Related Bone Diseases National Resource Center [35], patients
with OA may be less likely to develop OP. However, other studies have found contradic-
tory results, arguing that OP is not looked for often enough in patients with OA [36, 37].
The exact relationship remains undefined at this point, and future research will help us
determine whether OA and OP are risk factors for each other and how best to optimize
prevention and treatment for these two similar but very different disease processes.

Treatments Prior to Total Joint Replacement for Knee
and Hip OA

Osteoarthritis (OA) is a progressive, degenerative disease with a wide range of treat-
ment options for patients at different stages of disease ranging from non-
pharmacologic methods to total joint replacement. This section will cover treatments
that are generally used before resorting to knee or hip implant. These non-replace-
ment treatments for knee and hip OA are generally the same and will be presented
as such except where noted. The core treatments for knee and hip OA do not vary
between men and women, but some alternative therapeutic methods studied in
women will be presented as well at the end of this section.

The American Academy of Orthopaedic Surgeons (AAOS) has put out a set of
guidelines for treatment of knee OA [38]. In its guidelines, the AAOS recommends,
suggests, provides the option, or remains inconclusive—for or against treatments—
based on the level of evidence in the literature and based on the balance of benefit
versus harm for a particular treatment.
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The non-pharmacologic therapeutic methods recommended by the AAOS are
participation in self-management programs, strength training, low-impact aerobic
fitness, neuromuscular education, and physical activity in accordance with national
guidelines. The AAOS suggests weight loss for patients with symptomatic OA and
a body mass index >25. The American College of Rheumatology (ACR) addition-
ally suggests psychosocial intervention, Tai Chi, walking aids as needed, and ther-
mal agents plus manual therapy with exercise supervised by a physical therapist
[39]. The AAOS, however, found inconclusive evidence on the use of manual ther-
apy. There was also inconclusive evidence on the use of valgus force-directing knee
braces and physical agents like nerve stimulation or electromagnetic therapy. The
AAOS recommends against the use of glucosamine and chondroitin as well as the
use of acupuncture. The AAOS suggests against using a lateral wedge insole for
symptomatic medial compartment knee OA.

In terms of pharmacological interventions, the AAOS recommends Non-Steroidal
Anti-Inflammatory Drugs (NSAIDs) or Tramadol for pain relief. This recommendation
includes both non-selective NSAIDs and selective NSAIDS (cyclo-oxygenase-2 inhibi-
tors). The evidence was inconclusive on the use of acetaminophen (new FDA maximum
of 3 grams/day), opioids, or pain patches, based on a lack of relevant studies in the litera-
ture. The ACR, however, strongly recommends the use of opioid analgesics for those
patients with pain refractory to standard pharmacological treatments and who are not
willing or able to undergo total joint replacement [39].

The AAOS guidelines also review procedural treatments for knee OA that are less
invasive than surgery. Based on a lack of evidence, the guidelines are inconclusive on
the use of corticosteroid intra-articular injection, growth factor injection, or platelet
rich plasma injection. There is a strong recommendation against the use of hyaluronic
acid (viscosupplementation) intra-articular injection based on lack of clear evidence
showing benefit. The AAOS also suggests against the use of needle lavage based on
lack of benefit to patients.

There are also a number of surgical approaches, prior to total replacement, that can
be used to treat knee OA, often in patients with specific conditions. For patients with
medial compartment knee OA, the AAOS gives the option for a valgus producing
proximal tibial osteotomy based on limited evidence. For patients with knee OA and
a torn meniscus, the AAOS remains inconclusive on arthroscopic partial meniscec-
tomy. In patients with a primary diagnosis of knee OA, the AAOS makes a strong
recommendation against arthroscopy with lavage and/or debridement based on lack-
ing beneficial evidence and risks from surgery. Also, despite a lack of reliable evi-
dence in the literature, the AAOS workgroup came to a consensus recommendation
based on expert opinion that the use of a free-floating interpositional device in patients
with medial compartment knee OA is not recommended.

There are some treatments for OA specific to women as well, but these are not
the primary treatments used in general for knee or hip OA. The most well-known
treatment that has been used in the past but has now fallen out of favor is hormone
replacement therapy (HRT). There may be a slight reduction in risk of OA [40] with
the use of HRT, but the risks of cancer, cardiovascular disease, venous thromboem-
bolism, and gallbladder disease, among other conditions, significantly outweigh the
benefits [41]. And some studies on HRT have also shown no benefit of HRT on OA
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Fig. 6.3 The number of total knee and total hip replacements per year from 1997 to 2010 (Source:
Healthcare cost and utilization project (HCUP), Nationwide inpatient sample (NIS) [4])

or have even suggested a deleterious effect of HRT on OA [40, 42]. For young ath-
letic women, treatment with topical NSAIDs as a first-line treatment has been sug-
gested to avoid the gastrointestinal and cardiovascular risks of oral NSAIDs [43].
Finally, there has been research indicating a beneficial effect on overall knee OA
outcome with the incorporation of balancing exercises as a compliment to a stan-
dard strength-training regime [44].

Total Joint Replacement

Introduction

Total joint replacement is a last resort for patients who have failed nonoperative
treatments for osteoarthritis (OA). The total joint replacement procedure has become
commonplace in the USA; over 900,000 total knee and hip arthroplasties were per-
formed last year [4], a number that is predicted to rise to 3.8 million in the year 2030
(Fig. 6.3) [45]. The vast majority of patients receive marked functional improve-
ment, and the rate of feared complication is remarkably low [46—48]. Total joint
replacement is generally performed on middle-aged to elderly patients, with about
90 % of procedures being done in people aged 45-84 [4].

The standard procedure for total joint replacement is a relatively simple concept.
For the knee, shave the arthritic areas of the distal femur (thigh) bone and tibia
(shin) bone and replace them with metal, ceramic, or plastic implants (Fig. 6.4a, b).
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Fig. 6.4 (a, b) Total knee replacement (a). Total hip replacement (b)
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For the hip, shave the arthritic areas of the proximal femur bone and the acetabulum
(hip socket) and replace them with metal, ceramic, or plastic parts. Two of the most
important factors for successful joint replacement are alignment and fit of the
implanted parts. Certainly much of the success is attributed to the skill of the ortho-
pedic surgeon, but it is also imperative that the proper size and make of the implant
fit well with the natural anatomy of the joint of the specific patient. There are many
companies making implants of various sizes to fit people with knees and hips of
different dimensions, but these implants are generally designed based on average
knee and hip dimensions without regard to gender differences.

Evidence-based studies have shown that there are anatomic differences between the
male and female knee and hip joints, which could impact total joint replacement. Women
have a wider pelvis [18], more bowing of the femoral shaft [49], and a larger Q angle
than men (Fig. 6.2) [19, 20]. Within the knee joint, women generally have smaller femo-
ral and tibial condylar heights, narrower transepicondylar widths, a narrower femur, and
smaller patella [50]. The rotation of the femur on the tibia is also slightly different in the
female than the male knee [51]. Within the hip joint, women generally have a smaller
acetabulum, a shorter femoral head, and increased anteversion (femoral neck leans for-
ward causing internal rotation of the knee and foot) [52]. Whether these anatomic differ-
ences lead to different outcomes with a generic knee or hip implant or whether they
warrant gender-specific knee or hip implants is the subject of the upcoming sections.

For over 6 years, implant companies have been manufacturing knee implants
specifically designed for the female anatomy. Unlike the pharmaceutical industry, in
which medications must go through a long process before approval by the Food and
Drug Administration, small changes in implant design can be brought to the market
sooner. With the proven anatomic differences between men and women, implant
companies are making and marketing more expensive women-specific implants,
which may or may not lead to better outcomes. The women-specific knee implants
are generally smaller, narrower, and have a deeper trochlear groove than their
generic counterparts, to match the female anatomy.

Knee

Introduction

Osteoarthritis (OA) pain refractory to nonoperative treatments is an indication for
total knee replacement [53], and women have higher rates of OA than men [5, 6].
Women undergo more total knee replacements than men [4]. However, it has been
shown that the proportion of women who need a knee replacement and actually get
one is significantly lower than the proportion of men who need a knee replacement
and receive one [54, 55]. Women also generally have worse pain, poorer function
[56], and worse quadriceps (front thigh) muscle strength [55] prior to knee replace-
ment. According to the literature, highest postoperative success after TKR can be
best predicted by better preoperative knee function scores and quadriceps muscle
strength [46]. Therefore, it is important for both the doctor and female patient to
recognize that women generally wait longer to have a TKR than men and that it may
be advantageous to undergo TKR earlier in the disease process.
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Outcomes with Generic Total Knee Replacement (TKR)

While the male and female knee anatomy does have differences, are they clinically
significant when comparing outcomes after total knee replacement with generic
knee implants? To summarize a growing body of evidence-based, peer-reviewed
literature, the answer to this question is no; there is no significant difference between
the outcomes in women and men with generic knee implants. Women achieve simi-
lar functional improvement in a range of different physical tests, equal pain and
flexion improvement, and in some cases achieve greater improvement than men
with generic knee implants [50, 57-61]. Although there was one study that showed
poorer patellofemoral function in women versus men with standard TKR [62] and
another study suggesting that African-American women show poorer recovery than
other groups [63], most studies report no significant functional difference and out-
come, and a recent study showed that women recover faster than men after generic
TKR [64]. Overall, the literature suggests that gender does not impact clinical out-
come after standard TKR.

Outcomes with Gender-Specific TKR

Despite no significant difference in the outcome after TKR between men and women
with generic implants, many women have opted to receive gender-specific knee implants
(Fig. 6.5). Much like the data on generic TKRs, there is no significant effect on clinical
outcome in women using gender-specific TKRs instead of generic TKRs; major evi-
dence-based studies have shown similar radiologic outcome, range of motion, and func-
tional scores [50, 65-68]. Interestingly, a recent study in which patients underwent a
bilateral TKA receiving one gender-specific knee and one generic knee noted similar
results. Patients preferred the generic and gender-specific knees at the same rates [67].

Final Remarks

The data is essentially unequivocal in finding no advantage for gender-specific knee
implants and no difference in clinical outcome in women with standard generic knee
implants. It is worth noting, however, that studies on gender-specific knee implants
are early results due to their recent introduction. Knee implants are expected to last
20-30 years, so it is unknown whether these gender-specific knee implants will last
longer or shorter in women than conventional total knee replacements.

Hip
Generic and Gender-Specific Total Hip Replacement (THR)

To date, there are no gender-specific hip replacements on the market. However,
there are custom hips to fit the anatomy of individual patients in certain situations.
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Research has primarily focused on determining whether the anatomical differences
suggest a need for gender-specific THR and whether the current standard hip
implants work as well in women as they do in men.

As mentioned earlier, clear anatomical differences in the female hip have been
demonstrated; a smaller acetabulum, a shorter femoral head, increased anteversion,
and a larger Q angle could impact the outcome of total hip replacement. There is
also data that suggests as women age, their bone structure changes more than men
[52], which implies that women may benefit from a different hip implant because
this is a surgery generally performed on older patients [4]. Like the findings in TKR,
women have higher pain and lower functional ability prior to THR [69]. The AAOS
has recommended, based on female anatomy, female aging, biomechanics, and the
female burden of osteoporosis, the production of a hip implant for women with a
femoral stem that has a smaller metaphysis and shorter base neck [52].

Despite anatomic and biomechanical indications for gender-specific THR, the
studies on outcomes between women and men with standard THR generally suggest
no need for the use of gender-specific THR. A major review of the THR literature
by the Clinical Orthopaedics and Related Research journal concluded that standard
THR systems, which already have the capability to adjust for slight anatomic differ-
ences, have not led to different outcomes between men and women [50]. They do
not see the benefit of developing and using gender-specific total hip implants if the
standard hip implants are sufficient.

There have been some peer-reviewed studies in isolation that could suggest a
need for gender-specific hip implants or at least some revision of the current hip
implant protocol for women. Women have been shown to be at higher risk than men
for peri-prosthetic fracture after THR [70], abnormal gait 1 year after THR [71], and
for increased pain, NSAID use, and narcotic use 2-5 years after THR [72]. In addi-
tion, a low bone muscle density (as seen in osteoporosis) has been shown to lead to
slower femoral stem osseointegration and poorer initial stability in women [73].

Final Remarks

There are currently no hip replacements designed specifically for women, and the
evidence is still unclear as to whether a gender-specific hip is necessary. Anatomic
differences suggest a potential use for them, but if current THRs are sufficient, then
maybe it is not necessary for manufacturers to create a “fix” to a problem that does
not exist. Women should generally feel very comfortable receiving a standard hip
replacement.

Conclusion

Osteoarthritis is a very prevalent and debilitating disease that affects women more
than men, although the exact reasons for this predilection remain unclear. There are
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many treatments for osteoarthritis that should be exhausted before opting for sur-
gery. Total joint replacement is a safe and effective procedure to relieve knee and
hip pain and improves functionality resulting from osteoarthritis. Results in women
have been on par with the results observed in men using both gender-neutral and
gender-specific joint implants, and thus, it does not seem necessary for women to
seek more costly and less proven gender-specific implants.
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Chapter 7
Nutraceuticals: An Alternative
for Osteoarthritis Management

Emily J. Curry, Jennifer Baima, and Elizabeth Matzkin

Abstract Dietary supplements, known as nutraceuticals, are commonly used to
treat medical conditions in the United States. Despite widespread use, it is unneces-
sary for companies to seek FDA approval before marketing and manufacturing these
supplements. Nutraceuticals are typically thought to have medicinal properties, but
also may consist of nutrients extracted from commonly consumed foods. Osteo-
arthritis prevention and treatment is the most common reason for nutraceutical
supplementation and use is expected to increase with the aging “baby boomer” pop-
ulation. Physician and pharmacist consultation is essential for patient safety, given
the side effects and toxicity associated with some nutraceuticals. A basic understand-
ing of currently available supplements and their side effects is crucial in patient care
today. This chapter will discuss the currently available nutraceuticals for the treat-
ment of osteoarthritis and the supporting literature for each supplement. Supplements
discussed will include glucosamine, chondroitin, omega-3 fatty acids, avocado-soy-
bean unsaponifiables, vitamins (vitamin A, vitamin C, and vitamin E), minerals
(boron, zinc, copper), and willow bark. None of these common nutraceuticals have
substantial evidence of efficacy in prevention or progression of osteoarthritis.
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Abbreviations

AAOS American Academy of Orthopaedic Surgeons

ADR Adverse drug reaction

ALA Alpha-linolenic acid

ASU Avocado-soybean unsaponifiable
BMI Body mass index

COMP Cartilage oligomeric matrix protein
COX Cyclooxygenase pathway

DHA Docosahexaenoic acid

EPA Eicosapentaenoic acid

FA Fatty acids

FDA Federal Drug Administration

GAIT Glucosamine and Chondroitin Arthritis Intervention Trial
U International unit

LOX Lipoxygenase pathway

MRI Magnetic Resonance Imaging

MSM Methylsulfonylmethane

NIH National Institute of Health

NSAID Nonsteroidal anti-inflammatory drug
OA Osteoarthritis

PUFA Polyunsaturated fatty acids
TGF-beta Transforming growth factor-beta

Introduction

Dietary supplements are commonly used to treat medical conditions in the United
States. Over 100 million Americans consume dietary supplements, yet it is unneces-
sary for companies to seek FDA approval before marketing and manufacturing
these supplements due to the Dietary Supplement Health and Education Act that
was passed in 1994 [1, 2]. Based on this ruling, FDA marketing intervention will
only occur if a supplement is deemed unsafe for use, but does not require evidence
for efficacy if the supplement was sold in the United States before 1994 [1]. In con-
trast, developing a pharmaceutical drug with FDA approval takes a company nearly
10 years and can cost between 0.8 to 1.7 billion dollars for research, development,
and marketing [3]. Nutraceutical development and marketing requires minimal
effort by comparison. As a result of these minimal regulations, the nutraceutical
field is now a 28 billion dollar industry annually [2].

“Osteoarthritis” prevention and treatment is the number one reason for dietary
supplementation with over 50 % of nutraceuticals used for musculoskeletal pain [4].
The most common consumer demographics are educated females over 50 years of
age with a normal BMI [4]. Physician and pharmacist consultation is essential for
patient safety, given the side effects and toxicity associated with some nutraceuticals.



7 Nutraceuticals: An Alternative for Osteoarthritis Management 109

Over 50 % of patients in the United Kingdom consult a general practitioner about
nutraceuticals before starting a formal regimen [5]. A basic understanding of cur-
rently available supplements and their side effects is crucial in patient care today.

DeFelice first coined the term nutraceutical in 1989 by combining the terms
“nutrition” and “pharmaceutical” [6]. Nutraceuticals are generally considered to
have medicinal properties; however, controversy remains as to whether commonly
consumed foods in regular daily diets are also considered nutraceuticals. For exam-
ple, avocado and soybeans are commonly consumed foods, yet extracts are also
thought to treat osteoarthritis. Although nutraceuticals lack a formal definition with
consensus, Zeisel described them as “diet supplements that deliver a concentrated
form of a presumed bioactive agent from a food presented in a nonfood matrix, and
used to enhance health in dosages that exceed those that could be obtained from
normal foods” [7]. This chapter will discuss the currently available nutraceuticals for
the treatment of osteoarthritis and the supporting literature for each supplement.

Glucosamine and Chondroitin

Glucosamine and chondroitin are two of the most commonly available supplements
used for the treatment of osteoarthritis in the United States with sales exceeding 810
million dollars in 2005 [4, 8]. Glucosamine and chondroitin are cartilage and synovial
fluid extracellular matrix constituents. They are naturally synthesized by chondro-
cytes and synoviocytes but also can be orally supplemented [9]. Glucosamine typi-
cally is derived from shellfish chitin, while chondroitin sulfate is commonly derived
from bovine or shark cartilage [10, 11]. Therefore, patients with a shellfish allergy or
iodine hypersensitivity should not consider glucosamine use. Glucosamine is avail-
able with sulfate or hydrochloride for optimal pharmacokinetic administration. While
the mechanism of action for glucosamine and chondroitin is unknown, a series of
hypotheses exist. Although mediated through different pathways, both may enhance
chondrocyte synthesis by stimulating proteoglycan production, reduce proteolytic
effects on chondrocytes, and reduce expression of inflammatory factors [12—-15].
Controversy over glucosamine and chondroitin efficacy exists in the literature. The
most widely cited multicenter trial is the GAIT trial (Glucosamine and Chondroitin
Arthritis Intervention Trial) funded by the NIH in 2006 [16]. Over 1,500 patients with
knee osteoarthritis were randomly given glucosamine, chondroitin sulfate, glucos-
amine and chondroitin sulfate, celecoxib, or placebo daily for 24 weeks. Overall,
patients did not have significant pain relief or reduced disease progression from any
glucosamine or chondroitin sulfate combination as compared to the placebo. The
GAIT trial has limitations. Most patients selected for this study only had mild osteo-
arthritis and, therefore, did not have room for significant improvement [17].
Glucosamine supplementation has also been assessed during physical activity.
Petersen et al. found that glucosamine significantly decreased serum cartilage oligo-
meric matrix protein (COMP), an indicator of cartilage turnover, over a 12-week
strength training regimen [18]. Supplementation with glucosamine was also found
to improve muscle strength during resistance training for patients with osteoarthritis;
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however, muscle mass gain appears to remain unaffected [19, 20]. In contrast, obese
women with knee OA had minimal functional improvements when treated with a
combination of exercise and glucosamine/chondroitin and MSM supplementation
in addition to a supervised weight loss program [21].

Several studies have evaluated the efficacy of pain relief with glucosamine supple-
ments compared to Tylenol and oral anti-inflammatories [22-24]. Patients often con-
sider alternative treatments for pain relief, since long-term use of acetaminophen
(Tylenol) may lead to increased risk for liver and kidney failure [25, 26]. These risks
are increased among the older patient populations and since 20 % (70 million) of
Americans will be 65 or older by 2030; this problem may only magnify over time [27].
There is some evidence to support that glucosamine has a delayed pain relief effect
compared to ibuprofen. Two studies showed that ibuprofen provides superior short-
term pain relief within the first 2 weeks of supplementation, but glucosamine becomes
equal or more effective in the long term [22, 23, 28]. Similarly, chondroitin was found
to have significantly better long-term pain relief effects than diclofenac [24]. These
studies suggest that oral glucosamine and chondroitin may be safer and possibly more
effective than NSAIDS or acetaminophen for osteoarthritis pain relief.

While controversy still exists over glucosamine/chondroitin sulfate efficacy, both
supplements are considered safe for use with very few adverse events. Glucosamine
is safe for use among patients with Type II diabetes despite containing a monosac-
charide constituent. Safety profile was confirmed in both Type II diabetics and nor-
mal subjects, where the use of glucosamine /chondroitin did not elevate insulin and
blood glucose levels after 3 months of use [29, 30]. Although rare, the most com-
mon side effects of glucosamine include epigastric pain (3.5 %), heartburn (2.7 %),
and diarrhea (2.5 %) [31]. Incidence and type of side effects are similar between
glucosamine or chondroitin and placebo [32, 33].

The major limitations of glucosamine and chondroitin studies are secondary to the
chemical inclusions (hydrochloride or sulfate), which have a direct effect on bioavail-
ability and absorption [34]. Reduced bioavailability within the GAIT study may explain
the unfavorable results, since glucosamine hydrochloride (less bioavailability when
compared to glucosamine sulfate) was used in all patients. In 2008, Clinical Practice
Guidelines published by the AAOS recommended against the use of glucosamine and
chondroitin for knee osteoarthritis treatment due to a lack of high-level evidence show-
ing clinical efficacy [35]. Current recommendations suggest a limited role of glucos-
amine and chondroitin usage as a long-term pain relief in patients with osteoarthritis;
however, the safety profile has been well studied and literature supports that long-term
use of glucosamine and chondroitin will not likely result in any major side effects.

Omega-3 PUFAs

Since the human body cannot synthesize omega-3 and omega-6 polyunsaturated fatty
acids (PUFAs), dietary supplementation is crucial. Omega-3 PUFAs commonly found
in flaxseed, canola oil, and fish oil have known anti-inflammatory benefits for
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cardiovascular and inflammatory diseases. In contrast, omega-6 fatty acids (FAs), com-
monly found in corn o0il and meat, have characteristics that can counteract the positive
effects of omega-3 supplementation. Since the American diet now has an increased
quantity of meat and corn by-products, the dietary ratio of omega-6 to omega-3 FAs is
now close to 20:1, instead of the recommended 4:1 or 1:1 [36, 37]. Adjusting FA con-
sumption has beneficial effects far beyond the potential prevention of osteoarthritis
progression, such as coronary plaque and cardiovascular disease prevention. Omega-3
use may benefit patients with rheumatoid arthritis; however, controversy remains over
whether omega-3 is effective in the treatment of osteoarthritis [38, 39].

In vitro studies assessing omega-3 supplementation for the treatment of osteoar-
thritis show promising results secondary to omega-3 precursor’s participation in the
COX and LOX anti-inflammatory enzyme pathway, which ultimately produces
eicosanoids and docosanoids [40]. However, current in vivo data remains mixed. In
the MOST study, increased omega-3 presence correlated with increased patello-
femoral cartilage presence, but not for tibiofemoral cartilage [41]. Furthermore,
a higher ratio of omega-6 compared to omega-3 was correlated with the presence of
synovitis on MRI. This study suggests that omega-3 fatty acid supplementation may
have protective effects against cartilage loss and synovitis progression [41-44]. In
contrast, two older trials done by Stammers et al. comparing omega-3 (eicosapen-
taenoic acid or EPA) to placebo did not show significantly decreased pain or
increased function in patients with OA [42, 43].

Omega-3 supplements are derived from plant-based (ALA) or marine-based (EPA
or DHA) sources. The body cannot convert ALA into EPA or DHA as easily for anti-
inflammatory precursors; so the marine-based derivatives are the optimal form for
supplementation [40]. Krill oil, in particular, is thought to improve OA symptoms as
a result of the antioxidant, astaxanthin, which is naturally found within the oil [44].
Due to promising overall health benefits and few contraindications, omega-3 PUFA
supplementations remain an interesting alternative; however, evidence for OA symp-
tom reduction and prevention of progression remains controversial.

Avocado-Soybean Unsaponifiables (ASUs)

The anti-inflammatory and anabolic properties of avocado-soybean unsaponifiables
(ASUs) may be useful in patients with osteoarthritis; however, higher levels of evi-
dence are lacking to support its efficacy in the treatment of OA. ASUs have been
shown to inhibit inflammatory cytokines, including PGE2, IL-1, IL-6, and IL-8 [45,
46]. ASUs have also been shown to stimulate collagen and aggrecan synthesis and
decrease spontaneous collagenase activity [45, 46]. The most common ASU called
Piascledine 300® (Parmascience, Inc, Montreal, Quebec, Canada) is available by
prescription and is composed of two-thirds soybean oil and one-third avocado.
Although ASUs are also available over the counter, Piascledine 300® is the standard
pharmaceutical grade ASU used in all OA clinical trials due to its high-quality refin-
ing methods [47]. Piascledine 300® is most commonly prescribed in France.



112 E.J. Curry et al.

The in vitro and in vivo results vary for ASU’s role in OA symptom reduction.
Three randomized double blind-studies evaluating the efficacy of ASUs reported
with a 3—6-month supplementation period that patients with OA had decreased
NSAID use for pain control in the ASU-supplemented group compared to placebo
[48-50]. Two of these studies also found significantly increased function [49, 50].
However, statistically significant decrease in pain was only found in one study [49].
Maheu et al. found reduced joint space narrowing compared to the placebo with ASU
supplementation over a 3-year period [51]. Lequesne et al. also found reduced joint
space narrowing over a 2-year period; however, this study did not show significantly
reduced pain, NSAID use, or increased function compared to placebo [52].
Furthermore, increasing dosage from 300 to 600 mg did not have an increased ben-
efit to patients [48]. In contrast to the above studies, a placebo-controlled study by
Walker-Bone et al. [53] failed to show any radiographic or functional improvement
when ASU supplements were taken for a 2-year time period. However, this study did
show that patients with severe hip OA taking Piascledine 300® had significantly
reduced joint space narrowing compared to placebo. A recent meta-analysis con-
cluded ASUs are effective in improving function in patients with OA and was found
to have “good evidence of efficacy” [54]. This meta-analysis also concluded that
patients with knee OA benefit more than hip OA [53, 54]. Based on the current litera-
ture, it appears that ASUs may play a role in decreasing rate of joint space narrowing
in patients with OA, but ASU’s role in long-term pain relief remains inconclusive.

Overall, patients with osteoarthritis tolerate ASUs well without significant side
effects. According to the “French Spontaneous Reporting System,” adverse drug
reactions from Piascledine 300® were “very rare.” Out of 117 ADRS reported in a
30-year period, women suffered adverse reactions more often than men and the
most common side effects included eczema, urticarial, hepatic injury, colitis, and
diarrhea [55]. Based on the currently available literature, patients with osteoarthritis
may use ASU for treatment since the side effects are overall mild; however, patients
should be aware that there is currently no substantial evidence to support its use.
Furthermore, most studies are done with the standardized Piascledine 300®, yet a
wide range of ASUs are available on the market from different companies with
varying concentrations of avocado and soybean extracts.

Vitamins

Vitamins have known antioxidant properties that aid in reducing free radicals and
may potentially reduce osteoarthritis progression. Most patients explore nutraceuti-
cal supplementation alternatives to NSAID use secondary to the potential side
effects associated with NSAIDs. Although vitamins do have antioxidant properties
to support various preventative measures, excessive supplementation can have del-
eterious effects. Patients interested in self-prescribing nutraceuticals should use
caution when boosting vitamin A, C, or E intake without consulting a physician due
to the potential side effects and possible drug interactions.
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Vitamin A

Vitamin A (Fig. 7.1), also known as retinol, is a derivative of beta-carotene and is
readily consumed in the human diet. Beta-carotene is one of four naturally occurring
carotenoids. Beta-carotene is converted into vitamin A within the body and is com-
monly found in foods, such as carrots, kale, spinach, and sweet potatoes. No random-
ized placebo-controlled trials currently exist in the literature to assess the role of
vitamin A deficiency in osteoarthritis progression. Furthermore, a systematic review
by Canter et al. concluded that vitamin A use to prevent OA progression is inconclu-
sive and doubtful [56]. Only one randomized control trial assessed vitamin A efficacy
in OA-related pain relief and found that vitamin A supplementation was an insignifi-
cant mediator of pain relief. However, this study was underpowered and, furthermore,
lacked a placebo control group, and the patients in this study already had a normal
serum level of vitamin A. The study concluded that vitamin A supplementation alone
was not successful in pain relief [57]. Conflicting results should also be considered
when assessing serum carotenoid levels and knee osteoarthritis progression. De Roos
et al. concluded that subjects with higher serum levels of lutein or beta-cryptoxanthin
were less likely to have degenerative radiographic changes, whereas patients with
high levels trans-beta-carotene and zeaxanthin were more likely to have radiograph-
confirmed osteoarthritic changes [58]. Therefore, serum carotenoid type may be a
contributor to osteoarthritic progression; however, no Level I or Level II studies exist
to assess this possible correlation. The revolutionary Framingham Cohort was assessed
for dietary beta-carotene levels and no association was found between decreased beta-
carotene consumption and osteoarthritis when vitamin C levels remained high [59].
Current literature remains inconclusive regarding vitamin A’s relationship to osteoar-
thritis symptoms and progression. The largest concern for vitamin A use is the possible
side effects associated with vitamin A hypervitaminosis (toxicity) resulting from
improper patient self-directed supplementation. Vitamin A toxicity is seen more com-
monly with acute supplementation of a single dose in excess of one million IU, but can
also occur chronically by adults consuming greater than 50,000 IU/day for a longer
duration [60]. Vitamin A toxicity can cause increased bone resorption, increased intra-
cranial pressure, and hypercalcemia that can eventually cause liver damage [60, 61].
Patients should be aware that vitamin A supplements often are packaged with a carot-
enoid blend of lutein and zeaxanthin to prevent macular degeneration. Lutein is associ-
ated with reduced osteoarthritic radiographic changes, and zeaxanthin is associated with
increased osteoarthritic changes [58]. Since osteoarthritic progression appears to
increase with zeaxanthin supplementation, use of this supplement should be avoided
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altogether. There is not enough evidence in the literature to support the use of vitamin A
supplementation for OA pain relief and treatment; however, improper supplementation
may contribute to vitamin A toxicity, which can have significant side effects for the
patient. If a patient insists on using vitamin A supplementation, close monitoring, proper
dosage, and physician-directed instructions are crucial.

Vitamin C

Vitamin C (Fig. 7.2) efficacy in treating osteoarthritis is inconclusive. Also known
as ascorbic acid, vitamin C supplements are often found in combination with cal-
cium, since both are crucial for overall bone health. Vitamin C aids in the synthesis
of type II collagen and glycosaminoglycans [59, 62, 63]. Glycosaminoglycan syn-
thesis or supplementation may be an important target in reducing osteoarthritic
changes, since sulfated proteoglycan reduction is one of the first documented extra-
cellular matrix alterations in early osteoarthritis [63]. However, vitamin C also
plays arole in activating TGF-beta, which can worsen osteoarthritis symptoms [64].
As a result of both possible positive and negative effects, vitamin C use for osteoar-
thritis treatment is controversial.

A number of clinical trials suggest that vitamin C supplementation reduces pain
in hip and knee osteoarthritis; however, an animal model supports a mechanism of
action suggestive of TGF-beta activation, which would contribute negatively to OA
progression. The Framingham Cohort Study from the 1990s concluded that 120-
200 mg of vitamin C decreased pain and osteoarthritis progression risk [59]. Another
study also showed decreased pain with 898 mg of vitamin C after supplementation
for only 2 weeks [65]. A longitudinal study published in 2011 concludes that vita-
min C does not have a protective role in knee OA progression but may play a role
in overall incidence [66]. Unlike many other vitamins, vitamin C is water-soluble
and has a low toxicity risk. The only documented side effect of excessive vitamin C
consumption is diarrhea, which is rare.

While more research is needed to confirm or refute vitamin C’s role in osteoar-
thritis, it is reasonable to assume that two mechanisms of action may be functioning
in opposition to one another. While vitamin C supplementation may have other
benefits, such as boosting the immune system, it should not be taken exclusively as
a means to prevent osteoarthritis progression.
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Vitamin E

Vitamin E (Fig. 7.3) is fat soluble and composed of both tocopherols and tocotri-
enols. Studies suggest that vitamin E may play a small role in osteoarthritis preven-
tion due to its antioxidant properties. However, most studies in the literature are
contradictory, and there is no high-level evidence in the current literature suggesting
vitamin E may prevent osteoarthritis prevention or symptom reduction. The
Framingham Cohort Study concluded that men with greater vitamin E in the diet
had less osteoarthritis progression, but did not play a role in overall incidence [59].
Furthermore, Bhattacharya et al. demonstrated vitamin E’s role in reducing serum
markers of oxidative stress-related OA progression and confirmed its efficacy;
however, radiographic evidence and pain levels were not assessed [67].

In contrast, a 2-year randomized-controlled trial demonstrated no signifi-
cant difference between vitamin E supplementation group and the placebo [68].
Most other studies assessing vitamin E lack placebo controls, are methodologi-
cally weak, or do not assess long-term vitamin E efficacy [56]. Although vitamin
E efficacy in decreasing OA incidence and related pain is questionable at best,
there are very few side effects in short-term supplementation. However, long-
term supplementation may increase the risk of mortality due to heart failure [69].
Overall, there is very little supporting evidence that vitamin E reduces pain or
OA progression either radiographically or symptomatically. Therefore, we can-
not recommend the use of vitamin E for OA incidence, progression, or associated
pain management.

Minerals

Given the paucity of data in the literature regarding mineral supplementation for
osteoarthritis, few recommendations can be made in this arena. Boron is one of the
most promising minerals; however, higher quality studies are needed to determine its
overall efficacy. Of greater concern, many minerals have dangerous side effects as a
result of toxicity. Unlike the vitamins discussed prior, mineral over-supplementation
can sometimes result in other mineral deficiencies. Due to the side effects and precari-
ous nature of dosing, mineral supplementation is not recommended. Boron, zinc, cop-
per, and selenium are most commonly discussed in the osteoarthritis literature and a
summary of the clinical findings for each is described next.
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Boron

Boron is a promising mineral for osteoarthritis treatment, although many more
clinical trials are needed to confirm its efficacy. Boron is typically found in
high amounts in foods such as avocado, peanut butter, almonds, pecans, and
prune juice [70]. Therefore, a diet deficient of fruits, vegetables, and nuts may
be a cause for concern for a boron deficiency. Boron’s mechanism of action is
unknown, but current literature hypothesizes that boron supplementation may
indirectly alter other mineral levels in the body, such as calcium and magne-
sium; alter hormone levels, such as estrogen; and alter reactive oxygen species
presence [71, 72].

All proposed mechanisms for boron supplementation may contribute to osteoarthri-
tis prevention. Similarly, the mechanism behind osteoarthritis prevention is unknown,
but there is substantial evidence suggesting that boron deficiency may play a role in
bone metabolism. Newnham et al. found that boron was two times less concentrated
in osteoarthritic femoral heads as compared to healthy femoral heads [73]. However,
this study was not randomized or placebo-controlled. This observational evidence
prompted a pilot placebo-controlled study of 20 patients evaluating the efficacy of
boron in the treatment of OA. The authors found that 50 % of patients with radio-
graphically confirmed osteoarthritis improved with boron supplementation, whereas
only 10 % improved with the placebo [74]. However, this study was limited by the
sample size and thus underpowered.

There are currently no high-level studies assessing boron efficacy in osteo-
arthritis treatment. A randomized trial in a rabbit model concluded that boron
supplementation enhanced bone strength and mineral concentration in conjunc-
tion with a high-energy diet [75]. Another small placebo-controlled single-blind
study compared boron intake differences between sedentary women and female
athletes [76]. Significantly higher bone mineral density was found in the active
female athletes compared to sedentary females; however, this was not directly
attributable to boron supplementation. However, this study did find that boron
supplementation significantly increased blood magnesium and decreased phos-
phorus concentrations. Both magnesium and phosphorous contribute to bone
metabolism.

Pure boron supplementation should be used with caution due to potential tox-
icity side effects. Consumption of boric acid in excess of 200 mg/kg is reported
to be lethal [77]. Large doses may also result in symptoms such as ribofla-
vonuria, tremors, convulsions, weakness, dermatitis, and hematemesis [78].
While boron certainly may play a role in bone metabolism, the precise benefit
in patients with osteoporosis or who are at risk for developing osteoarthritis
is inconclusive and supplementation cannot be recommended for this ailment
alone. Instead, boron should be supplemented through fruit, vegetable, and nut
sources to aid in the prevention of other potentially negative side effects of
boron deficiency, such as poor mineral metabolism, impaired brain function,
and decreased immune response [79, 80].
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Zinc and Copper

Zinc and copper are often discussed together in osteoarthritis studies due to their
relative concentration differences observed in osteoarthritic patients compared to
normal patients. When zinc is consumed in high doses, copper concentration
tends to decrease. Zinc is commonly found in cold and cough lozenges due to the
purported benefit in reduced duration of upper respiratory symptoms. Zinc sup-
plementation has been evaluated for osteoarthritis treatment. Serum zinc concen-
trations may be reduced in osteoarthritic patients, while copper concentrations
may be increased [81]. Copper has also been found in significantly higher levels
within synovial fluid of osteoarthritic joints [82], although a significant differ-
ence in zinc levels between plasma and synovial fluid concentrations has not
been found.

Despite having this knowledge, the role of zinc and copper in osteoarthritis
remains unknown and neither should be considered options in the treatment of
osteoarthritis due to toxicity risk. For patients considering zinc supplementation
without deficiency, “over-the-counter” supplementation can easily lead to overcon-
sumption given that the therapeutic dose is defined as 5.2-16.2 mg, whereas most
zinc supplements come in 25-50 mg doses recommended for a zinc deficiency [83].
Zinc overdose with10 g of supplementation or less has serious side effects, such as
nausea, vomiting, and diarrhea. Furthermore, overconsumption leads to a copper
deficiency that can contribute to neutropenia/anemia and impaired coordination
[83]. Severe zinc toxicity can also cause pancreatitis, acute renal failure, and hemo-
lysis. Zinc toxicity can even be fatal in a 10-30 g dose. Zinc and copper supplemen-
tation should not be considered for patients with osteoarthritis unless a preexisting
deficiency exists.

Willow Bark

Willow bark, part of the Salix genus, often receives attention in treating muscu-
loskeletal pain since it contains a component of aspirin called salicin [84].
Willow bark used as a nutraceutical is typically obtained from young trees in
dried bark fragments [84]. The ancient Egyptians and Sumerians first discovered
willow bark’s analgesic and fever-reducing ability [85]. However, it was not until
1853 when Charles Gerhardt discovered acetylsalicylic acid could be extracted
from the bark and was later formulated as “aspirin” by the Bayer company in
1897 [85]. Unlike aspirin, salicin does not irritate the stomach or impact blood
coagulation as readily [86, 87]. However, willow bark extract consumption
should not be advised in patients with an aspirin allergy due to reports of anaphy-
laxis and rash when consumed [88, 89]. Furthermore, willow bark extract should
not be given to children to prevent the risk of Reye’s syndrome secondary to the
salicin [90].
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Willow bark may not be as effective an analgesic as aspirin or NSAIDs, but
supplementation may provide moderate pain relief according to a number of studies
assessing patients with lower back pain and osteoarthritis [84, 91-93]. Despite
being the only supplement listed for arthritis treatment by the FDA’s report in 1999,
conflicting results in the literature still exist. Biegart et al. found no significant
osteoarthritis relief in two randomized double-blinded control trials with 240 mg
salicin/day [94]. In contrast, Schmid et al. found significant pain relief with 240 mg
salicin/day in a double-blind placebo-controlled trial over a 2-week period [93].
Based on the available evidence in the literature, willow bark should be considered
a safe alternative to aspirin in the management of patient with lower back pain.
However, these patients should be made aware that willow bark is considered to
have “moderate analgesic effect in osteoarthritis” [93] and may not be as effective
as NSAIDs or aspirin.

Conclusion

Nutraceuticals may be considered for patients with osteoarthritis who are not ready
for a total joint replacement or are dissatisfied current management strategies.
A summary of all nutraceuticals discussed is included in Table 7.1, and for patients
with cost concerns, a daily cost estimate is provided in Table 7.2. Overall, most
supplements are safe for use; however, none of the nutraceuticals discussed have
strong supporting evidence of overall efficacy. Glucosamine/chondroitin, omega-3
fatty acids, ASUs, and willow bark can be tried for potential short-term relief with
relatively few side effects. Vitamins and minerals should be considered with extreme
caution due to potential side effects and lack of strong supporting evidence.
Physician or nutritionist consultation for any patient is crucial for overall safety
assurance with any nutraceutical. More high-level studies are needed before strong
recommendations can be made about overall utility in osteoarthritis development
and progression.
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Table'7.2 Cost cqmparison Nutraceutical name Cost comparison (per day)?
for daily nutraceutical use Glucosamine $.33 combined with chondroitin
Chondroitin $.33 combined with glucosamine
ASU $.69
Fish oil $.19 (omega-3 EPA and DHA)
Vitamin A $.03
Vitamin C $.27
Vitamin E $.07
Zinc $.04
Boron $.08
Copper $.05
Willow bark $.08

*Cost data from http://vitacost.com. Accessed Jan 2013
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Chapter 8
Alternative Exercise for Women

Elinor Mody

Abstract There is scientific evidence that women are more prone to specific inju-
ries than are men, due to differences in hip and knee anatomy and hormonal profiles.
Aging women are also susceptible to the “Dowager’s Hump,” or kyphosis, and
decreased balance. Various factors are responsible for these conditions, including
hormones and joint angles. Currently popular exercise programs, yoga and Pilates,
have been shown to have some positive impact on these conditions. This chapter
explores the nature of these conditions and the impact of yoga and Pilates.

Keywords Women * Musculoskeletal ¢ Yoga ¢ Pilates ® Kyphosis

Introduction

Scientific data to support the fact that women are prone to different musculoskeletal
injuries and syndromes than men is growing rapidly and has been for the past sev-
eral years. Gender is also an important factor in sports injuries. In particular, there
is evidence that women are more prone to specific injuries than are men, due to
differences in hip and knee anatomy and hormonal profiles. Aging women are also
susceptible to the “Dowager’s Hump,” or kyphosis, and decreased balance. Data are
also amassing that some of these tendencies can be lessened by exercise. In this
chapter, these musculoskeletal problems will be explored, as will the data to support
two popular types of exercise, yoga and Pilates.

The best-known injury that most commonly affects women is the anterior cruciate
ligament (ACL) tear. Depending on the sport, this injury is up to four times more
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common in women than men [1]. There are various potential reasons for this, includ-
ing a reduced femoral intercondylar notch width, increased ligamentous laxity due to
higher estrogen levels [2], and valgus torque due to hip and knee biomechanics [3].
Women are also known to have a higher incidence of ankle sprain than men [4].

There may be reasons beyond anatomical and physiological differences that are
responsible for the increased injury rate in women. In particular, it has been sug-
gested women have different hand-eye coordination skills than men [5], which can
lead to an increase in injuries, due in part to decreased balance. A recent article sug-
gested that gender differences in motor development may be apparent in childhood
[6]. Additionally, men and women exhibit different responses to exercise [7].
Strength and conditioning programs should be modified to account for these gender
differences. For example, gender differences in studies on jumping have demon-
strated that women benefit from increased strength and power at the hip, knee, and
ankle in order to jump as well as men [8].

What does all of this mean to us? How do we use this information to better help
our patients? While there are some studies in the literature, this is an under-
researched area of medicine. Since menstrual cycle and femoral notch shape are not
modifiable risk factors for ACL injury, research has focused on correcting neuro-
muscular imbalances in women to prevent these injuries. For example, increased
knee abduction and imbalance have been found to be predictors of ACL injury [9].
Muscle strengthening with special emphasis on the terminal knee extensors and hip
abductors can improve these neuromuscular imbalances. As physicians, we must try
to educate our female patients about this data. We also need to have at our disposal
concrete suggestions about the types of exercise to recommend. The data available
in the literature to support the use of two currently popular forms of exercise are
reviewed. In particular, the literature supporting the use of yoga and Pilates for spi-
nal flexibility, kyphosis, balance, and muscle strengthening is examined.
Additionally, taping and bracing at the ankle may be helpful, particularly in women
prone to certain injuries.

Pilates

The Pilates method is named after Josef Pilates, who developed a system of exercise
in the early 1900s, which was designed to rehabilitate injured ballet dancers. The
method incorporates “core” muscle strengthening, including the abdominal and
mid/lower back muscles. This is done by engaging in “destabilizing” exercises,
which requires muscle activation to stabilize the body. These exercises also help
with balance training as a result of destabilization, which is very important for the
aging female. Additionally, the Pilates method also incorporates spinal flexion and
extension. In theory, this method may help with kyphosis and low back pain that are
common in older women. These exercises are either practiced on the mat or on vari-
ous pieces of equipment: the reformer, the Cadillac, the chair (Fig. 8.1), and the
barrel (Fig. 8.2). The equipment provides support and aids in the practice of Pilates.
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Fig. 8.1 Example Pilates
equipment: chair (Stott
Pilates®, Merrithew Health
& Fitness™, Merrithew
Corporation, Toronto,
Ontario, Canada)

This section explores the use of Pilates for spinal pain and lack of extension, in addi-
tion to aiding in proprioception and balance.

Spinal Pain Disorders

There are many small studies investigating the use of Pilates in patients with chronic
low back pain (LBP). Pilates is perceived as useful by patients, as evidenced by a
survey performed in patients with LBP taking a Pilates class in the UK [10]. In
a study by Dolan et al., 180 patients were referred by the same neurosurgeon for
chronic LBP to three different physical therapy practices. Patients who completed
the course had a significantly better outcome measured by the Low Back Outcome
Score, compared to patients that did not complete the course [11]. Pilates has also
been compared in multiple studies to placebo, and general low back stabilization.
A meta-analysis done by Pereira et al. looks at five studies of this nature. Although
Pilates was not shown to be significantly better than general lower back stabilization
exercises in terms of functionality, pain relief was better than placebo. However,
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Fig. 8.2 Example of Pilates
equipment: barrel (Stott
Pilates®, Merrithew Health
& Fitness™, Merrithew
Corporation, Toronto,
Ontario, Canada)

follow-up was limited to a maximum of 8 weeks [12]. In a randomized controlled
trial done by Brooks et al., Pilates exercises were compared to stationary bike exer-
cise in patients with chronic low back pain for a period of 8 weeks. There was no
confounding variable in the control group, such as core strengthening in the control
group, which was cited as a problem in other studies. The patients randomized to
the Pilates arm showed a significant decrease in self-rated disability and self-rated
pain. Additionally, this study incorporated the use of EMG to determine the antici-
patory postural adjustment (APA), so the authors were able to show that there was a
significant decrease in delayed APAs (commonly seen in patients with chronic low
back pain) in the Pilates group [13].

Balance/Flexibility

Studies have examined the effect of Pilates on balance. In a study done by Hall
et al., patients were randomized to a 10-week course of Pilates consisting of tradi-
tional strength and flexibility training or no exercise (control arm). Pre- and post-
training measurements of static and dynamic balance were done on the Kinesthetic
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Ability Training balance platform. Static balance was significantly improved in the
Pilates group; all three groups improved on dynamic balance measurement [14].
Pilates has also been shown to improve thoracic kyphosis in a group of subjects over
the age of 60. However, these patients did not suffer from chronic pain, and these
patients were older than the typical Pilates exerciser [15]. Pilates has also been stud-
ied in increasing general spinal flexibility. In a study by Schroeder et al., young,
healthy men underwent three Pilates reformer sessions. Various measures of flexi-
bility were used immediately before and after each session. A significant increase in
spine flexibility was noted [16].

Although most of these studies are quite small, in sum, they support the use of
Pilates in various situations. As discussed previously, women are more prone than
men to certain types of injuries, kyphosis, and a decrease in static and dynamic bal-
ance. Additionally, women are more prone to osteoporosis as they age than are men,
making balance an even more important ability, as lack of balance can lead to osteo-
porotic fractures. Therefore, although more data is needed, the practice of Pilates
appears to be an important potential choice for mode of exercise in women.

Yoga

Yoga is an ancient practice and encompasses benefits for many organs of the body,
including the lungs, the heart, the psyche, and of course, the musculoskeletal system
[17]. Yoga has been shown to strengthen muscles, including the quadriceps, and has
also been shown to improve balance and increase spinal flexibility [18]. All of these
are critical for the musculoskeletal health of all women. In this chapter, the evidence
in the medical literature to support the use of yoga will be explored.

Different Forms of Yoga

There are several different “flavors” of yoga. All of the forms of yoga practiced
routinely in the USA are forms of Hatha yoga. The most commonly available yoga
is Vinyasa flow. This is an athletic practice of yoga, very fast moving, and often
done in a warm room. There are various “slower” forms of yoga, including Kripalu,
and Yin, or restorative. Regardless of the type of yoga practiced, if done correctly,
then there will be benefits as mentioned previously.

Muscle Strengthening/Treatment of Injury

Most of the trials to evaluate yoga as a treatment for arthritis have been small, short,
and not blinded. However, this is acceptable since the risk of trying yoga is minimal.
There are some data to suggest that compliance is higher for yoga than other types
of exercise [19].
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Several yoga asanas used in the treatment of OA of the knee, which emphasize
fully extending the knee, clearly can strengthen the quadriceps. Quadriceps strength-
ening is an important part of most approaches to treating knee OA. A case series by
Bukowski et al. examines the effect of Iyengar yoga in patients with osteoarthritis
of the knee. A group of 15 patients with osteoarthritis of the knee was randomized
to one of three groups: yoga, traditional stretching and strengthening, or no struc-
tured group exercise. The WOMAC scale was used to assess subjective change.
After 6 weeks, both the yoga group and the traditional exercise group were found to
have functional and quality of life improvement [20].

There are many studies that evaluate the effect of yoga practice on low back
pain, particularly chronic low back pain. In a randomized controlled trial done of
intensive short-term yoga therapy in a group of patients with chronic low back
pain, Tekur et al. found that after 7 days, the yoga group had a significant reduc-
tion in disability as measured by the Oswestry Disability Index (ODI) and also
had an increase in spinal flexibility measured by goniometry [21]. In another
trial by Sherman et al., 12 weekly yoga classes were compared to conventional
stretching exercises and to a self-care program in 228 patients with chronic low
back pain. The yoga group, compared to the conventional stretching group, was
found to show significant improvement in functionality and pain as measured
by the Roland-Morris Disability Questionnaire (RMDQ) [22]. In a randomized
trial published in the Annals of Internal Medicine, written by Tilbrook et al., 313
patients with chronic low back pain were randomized to a 12-week yoga pro-
gram or to a back pain education booklet and “usual care,” which was not well
described. The yoga group had a significant decrease in the RMDQ compared
with the control group, and this was maintained at 6 months [23]. A similar trial
was performed by Williams et al. over 24 weeks, and again, the yoga group was
found to have significant decreases in pain and increased functionality measured
by the ODI, and this change was maintained at 6-month follow-up [24]. A small
study by Groessl et al. looked at yoga treatment in men and women veterans.
Fifty-three veterans with chronic low back pain were treated with 10 weeks of
yoga therapy. The women subjects were found to have significant decreases in
depression measured by the CESD-10 scale and significantly larger increases in
energy and SF-12 mental health than the male subjects [25]. Yoga for the treat-
ment of low back pain has also been examined from a cost perspective. In a trial
by Chuang et al., yoga and usual therapy was compared to usual therapy alone
over a 12-week period in patients with chronic low back pain in the UK, taking
into account willingness to pay [26].

Other types of musculoskeletal injury have also been studied with respect to
yoga. Michalsen et al. randomized 77 patients with chronic neck pain to either a
9-week course of Iyengar yoga or a self-care/exercise. The yoga group was found to
have significant improvements in pain at rest, pain in motion, pain-related appre-
hension, disability, quality of life, and psychological outcomes [27]. Yoga has also
been used to treat computer injuries. Telles et al. studied 291 professional computer
users for handgrip strength, tapping speed, low back pain, and hamstring flexibility.
They were then randomized to yoga or no intervention. At the end of 60 days, the
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yoga group showed a significant decrease in the frequency, intensity, and degree of
interference in their work due to discomfort and also showed a significant increase
in handgrip strength and right-hand tapping speed [28].

Balance/Spinal Flexibility

Ability to balance, as discussed earlier in this chapter, decreases with age, particu-
larly in women. Balance training is an integral part of all types of yoga. Most of us
are familiar with some common yoga poses such as “tree” pose and “dancer” pose,
both aimed at improving balance. Interestingly enough, how one deals with the
frustration of not being able to achieve these poses is part of the practice of yoga.
Additionally, yoga practice focuses on spinal extension and torsion. In theory, this
could be useful in the treatment of kyphosis, which plagues older women. In fact, a
mathematical model has been developed to describe the effects of the sun salutation
postures on specific joints [29].

There are multiple studies looking at the effect of yoga on balance and gait in
young and old, women and men. Hart et al. looked at Bikram yoga as steadiness
training in young adults as compared to control (no training) over an §-week period.
Interestingly, an improvement in knee extensor steadiness, suggesting quadriceps
strengthening, was found in the yoga group. Balance time was also improved [30].
In a small study of women with various musculoskeletal complaints, a 4-week trial
of yoga was evaluated; pre- and posttreatment values for static balance and gait
were measured with a stabilometer and gait trainer. Post-study values showed
improvement in both balance and gait; these changes were significant [31]. In a
pilot study by Zettergren et al., an 8-week yoga program was evaluated in improv-
ing the postural control, mobility, and gait speed in community-living elders (mean
age in the 80s). Significant improvement was seen in balance, measured by the Berg
Balance Score, and in walking speed [32]. In a study by Gonscalves et al., 83 women
60 or older were entered into a 14-week Hatha yoga program vs. a control group.
Flexibility was increased in all body areas studied in the yoga group except for the
elbow. The yoga group also decreased the time in which it took them to stand from
a chair, take off a T-shirt, and various other ADLs [33]. Chen et al. randomized
elders to either a “silver yoga” program or control and measured flexibility, muscle
power, balance, and agility. All of these characteristics were significantly increased
in the yoga group compared to control [34]. Schmid et al. studied the effect of yoga
on fear of falling, which is also a significant problem in the elderly, often leading to
isolation. In this open trial, 14 elders (over 65), who had a self-professed fear of
falling, were enrolled in a 12-week yoga trial. Fear of falling (FoF) was measured
with the Illinois FoF measure, and balance was measured with the Berg Balance
Scale. Upper and lower body flexibility was measured with the back scratch test and
chair sit and reach test. Improvement was seen in all areas, though it is not clear that
statistical significance was seen [35]. DiBenedetto et al. looked at the effect of an
8-week Hatha yoga program on peak hip extension, average anterior pelvic tilt, and
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stride length at walking speed in 23 patients aged 62—-83. Significant improvement
was seen in peak hip extension and stride length [36]. Yoga has also been evaluated
in poststroke patients. Schmid et al. studied the effect of an 8-week yoga program
in poststroke patients’ ability to balance assessed by the Berg Balance Scale. This
was significantly increased in the patients who completed the 8-week course. Their
FoF was significantly decreased as well [37].

Yoga has also been studied for its effect on decreasing kyphosis. Greendale et al.
studied a 6-month course of yoga in a group of men and women over the age of 60
with a kyphosis angle of 40° or greater. These patients were randomized into treat-
ment and control groups. The yoga group experienced a 4.4 % improvement in
kyphosis angle, which easily reached statistical significance over control [38].

There is a significant body of data to support the use of yoga in patients suffering
from osteoarthritis of various joints, in particular the low back, kyphosis, and
decreased balance. Additionally, it is suggested that women respond to yoga therapy
better than do men. Clearly more work needs to be done in this area, but in the
meantime, practitioners should feel confident in recommending yoga to these
appropriate patients.

Conclusion

In sum, women are prone to various musculoskeletal issues that men are not to the
same degree. As physicians, we must recognize this and look for solutions based on
the medical literature available. Although the evidence to support yoga and Pilates
practice is not robust, it is suggestive that these forms of exercise may be useful in
addressing many of the unique musculoskeletal problems that women face.
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