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T
his issue marks the launch of Wom-
en’s Health in Orthopedics. Quadrant 
HealthCom Inc., which publishes 
The American Journal of Orthope-
dics and a number of other titles, is 

pleased to bring these special issues to you at 
a time when gender-specific considerations are 
increasingly recognized in orthopedics as well 
as in medicine as a whole.

Marianne J. Legato, MD, FACP, a leader 
in the field of gender-specific medicine and 
a member of the editorial board, is currently 
editing the second edition of of a major medi-
cal textbook, The Principles of Gender-Specific 
Medicine, and another board member, Robert 
G. Lahita, MD, PhD, a pioneering researcher 
in immunology and rheumatology, including 
gender disparities, is editing the section on 
immunological and rheumatic diseases. This 
book discusses the many physiological differ-
ences between men and women that are still 
being identified and that can affect diagno-
sis and treatment, among them differences in  
drug metabolism.

Milestones in the past 2 decades have includ-
ed establishment of the Office of Research on 
Women’s Health in 1990 within the Office of 
the Director of the NIH. Among its mandates 
are to “ensure that women are appropriately 
represented in biomedical and biobehavioral 
research studies supported by NIH.” In 2001, 
the Institute of Medicine published the report, 
Exploring the Biological Contributions to Human 
Health: Does Sex Matter?, which discusses ba-
sic biochemical differences in the cells of males 
and females and health variability between  
the sexes. 

Authors in this series will address muscu-
loskeletal conditions that are more common 
in women or that require special consider-
ations when they occur in women, includ-
ing when a patient is pregnant or nursing.  
Some papers will also bring knowledge from 

other medical specialties to bear on the 
management of musculoskeletal problems  
in women.

In this issue, two of the articles focus on com-
mon musculoskeletal problems in active wom-
en. Dr. Amy Powell and two of her colleagues 
at the University of Utah discuss osteoarthritis 
in this patient subset, focusing particularly on 
the nonsurgical management of knee OA.  Dr. 
William Grana, of the University of Arizona’s 
Department of Orthopaedic Surgery, address-
es stress fractures incurred by athletic women, 
emphasizing the types of stress fractures that 
carry extra risk and require special care.

Radiologist Paul D. Clifford, MD, of the 
University of Miami, reviews the features of 
the clinical presentation and the radiographic 
views that differentiate erosive OA of the hand 
from OA, rheumatoid arthritis, and psoriatic 
arthritis.

Women’s Health in Orthopedics is being provid-
ed to you on a complimentary basis by Ferring 
Pharmaceuticals, and we extend our appre-
ciation to them. We hope you find this series 
useful and interesting. Please email any com-
ments or suggestions to us at my email address:  
Barbara.Ready@QHC.com.

Barbara Ready
Editorial Group

On Behalf of the Publishers

We are pleased to bring these 
special issues to you at a time when  
gender-specific considerations are  
increasingly recognized in orthopedics  
as well as in medicine as a whole.



O
steoarthritis (OA) is a painful, 
debilitating disease involving a 
progressive loss of articular carti-
lage and reactive changes at joint 
margins and in subchondral bone. 

This condition was thought to be a normal con-
sequence of aging but is now better understood 
as a complex interplay of multiple factors, in-
cluding joint integrity and alignment, muscles 
and connective tissues related to joints, genetic 
predisposition, local inflammation, mechanical 
forces, and cellular and biochemical processes. 
Risk factors for OA include older age, female 
sex, obesity, occupational and sports-related 
injuries to joints, trauma, muscle weakness, 
and proprioceptive deficits. 

Not only is OA more prevalent among 
women than men, but knee OA1 and hip OA2 
are more severe in women. There are many 
proposed etiologies but no consensus regard-
ing why women are more affected. Anatomy, 

estrogen, increased heritability, or increased 
frequency of ACL tears may account for more 
trauma-induced disease. Women have thinner 
articular cartilage in the distal femurs, thinner 
patellae, larger quadriceps angles, and, in the 
knees, smaller lateral tibial condyles relative to 
medial tibial condyles.1 More acetabular depth 
in women than in men might explain women’s 
increased frequency of superomedial migration 
of the femoral head in hip OA.2

The prevalence of OA is increasing. In the 
United States in 1998, 1 in 6 (43 million) people 
had been diagnosed with chronic joint symp-
toms. By 2006, the number had increased to 
1 in 5 (46 million), and the projection is that, 
by 2030, approximately 67 million adults will 
be diagnosed with arthritis.3 Arthritis is the 
most prevalent self-reported chronic condi-
tion in women4,5 and the most likely to cause 
disability.6 One third of adults with physician-
diagnosed arthritis reports significant arthritis-
related work limitations. Arthritis-related work 

Knee Osteoarthritis in the Active Woman
Incidence, Etiology, and Treatment

Amy P. Powell, MD, Michelle J. Rowe, DO, and David G. Liddle, MD

Not only does knee osteoarthritis more commonly affect  
women than men, but women are more symptomatic.  

Hypothesized reasons include alignment differences, genetics,  
hormonal issues, and specific injury patterns, such as patellar  

instability and injuries to the anterior cruciate ligament. In an active 
population, osteoarthritis of the knee may be extremely debilitating.

Dr. Powell is Assistant Professor, Department 
of Orthopaedics, and Adjunct Assistant Profes-
sor, Department of Medicine; Dr. Rowe is with the  
Department of Family & Preventive Medicine; and 
Dr. Liddle is with the Department of Medicine,  
University of Utah, Salt Lake City, Utah.

Address correspondence to Amy P. Powell, MD, 
University of Utah Orthopaedic Center, 590 Wakara 
Way, Salt Lake City, UT 84108 (Ph, 801-587-5455;  
E-mail, amy.powell@hsc.utah.edu).

l	…effort is being focused on preventing ACL injuries in female 
athletes in the hope of minimizing early posttraumatic OA.

l	Acute patellar dislocations increase the risk for developing knee 
OA,12 and recurrent dislocations add to that risk.13

l	Medial patellofemoral ligament stabilization procedures, developed 
more recently, may reduce the risk for patellofemoral OA in these 
athletes, but further research is needed…. 

Primary Points In Prevention
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limitation was most prevalent in women and in 
older adults (age, 45-64 years).7 Arthritis is sec-
ond only to back pain as an identifiable cause of 
lost work and is the most commonly reported 
cause of decreased work performance.8 In 1997, 
the Centers for Disease Control9 estimated the 
annual direct and indirect costs of arthritis and 
other rheumatic conditions to be $86.2 bil-
lion. With the increasing prevalence of OA, an 
aging population, and the obesity epidemic in 
the United States, these costs are also expected 
to rise.

Risk Factors for Knee  
Osteoarthritis in Women
In the epidemiology literature, numerous risk 
factors for OA have been identified, including 
previous trauma, age, female sex, and obesity. 
Recent studies have focused on genetics and 
estrogen in association with OA.

Trauma
Since enactment of the Title IX Educational 
Amendment in 1972, more women have been 
participating in high-level athletics. Injuries to 
the anterior cruciate ligament (ACL) are com-
mon in sports that involve cutting and pivoting 
(eg, soccer, volleyball, basketball). These inju-
ries are reported to occur at a rate 2 to 8 times 
higher in female athletes than in male athletes 
involved in similar sports.10 ACL injuries are 
associated with premature knee OA. In a study 
of the prevalence of ACL tears in symptomatic 
versus asymptomatic patients with OA, 82% of 
patients with ACL tears, versus 48% of patients 
with intact ACLs, had medial joint space nar-
rowing, as measured with magnetic resonance 
imaging.11 Much effort is being focused on pre-
venting ACL injuries in female athletes in the 
hope of minimizing early posttraumatic OA.

Patellar dislocations are common injuries 
in female athletes. Acute patellar dislocations 
increase the risk for developing knee OA,12 and 
recurrent dislocations add to that risk.13 More 
than 100 different surgical treatments have 
been used in attempts to treat patellar insta-
bility; many of these have been reported to 
increase the risk for developing posttraumatic 
OA of the patellofemoral joint.13 Medial patel-
lofemoral ligament stabilization procedures, 
developed more recently, may reduce the risk 
for patellofemoral OA in these athletes, but 
further research is needed to clarify this find-
ing. In a recent review, Stefancin and Parker14 
concluded that nonoperative management of 

a first-time acute patellar dislocation is rea-
sonable. Operative intervention for patellar 
stabilization may be necessary in the setting 
of recurrent dislocations. At this point, it is 
unclear if intervening surgically changes the 
natural history of patellofemoral OA in patel-
lar instability, particularly as many chondral 
injuries accompany the initial trauma.

Age
OA is commonly associated with aging but is 
not an inevitable consequence of normal use. 
That OA incidence increases with advancing 
age is more realistically related to the devel-
opmental course of OA. Data from the first 
National Health and Nutrition Examination 
Survey (NHANES) demonstrated an increase 
in OA with age and female sex; the relative 
risk for women versus men increased from 
1.57 at age 45 to 54 years to 2.14 at age 65 to 
74 years.15

Obesity
Obesity, though highly correlated with OA, is 
a potentially modifiable risk factor. In a large 
cohort study, Hart and colleagues16 evaluated 
obese middle-aged Caucasian women for OA 
over a 4-year period. Approximately 3% of 
these women developed OA (osteophytes or 
joint space narrowing) each year, and women in 
the highest tertile of obesity (body mass index 
[BMI], >26.4) had a 2-fold increased risk for 
knee osteophytes, but not joint space narrow-
ing, in comparison with women in the lowest 
tertile (BMI, <23.4). Risk for developing knee 
osteophytes increased 30% with each 10-pound 
increase in weight.

Genetics
Studies of twins have shown that women’s 
genetic contribution ranges from 40% to 60% 
in OA of the hand, knee,17 and hip.18 However, 
studies that have targeted specific genetic vari-
ants associated with OA have shown only a 
modest risk (odds ratios, 1.3-2.0).19 In 3 stud-
ies in Britain, Valdes and colleagues19-21 found 

Stefancin and Parker14 concluded that 
nonoperative management of a first-time 
acute patellar dislocation is reasonable.
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OA to be associated with female sex and spe-
cific variants of the genes FRZB, BMP2, 
ADAM12, and ESR1. FRZB is involved in sig-
nal transduction with chondrocyte maturation 
and function; mice deficient in this gene have 
increased cartilage degeneration. BMP2 is a 
growth factor in bone and cartilage; variations 
in this gene have been correlated with joint 
space narrowing and OA in women. ADAM12 
encodes for a metalloproteinase that mediates 
cartilage degradation; this gene variant was 
also associated with men, but to a lesser extent. 
ESR1, or estrogen receptor a, is 1 of 2 estrogen 

receptors in articular cartilage and bone.
As prevalence and incidence of OA are 

higher in postmenopausal women than in age-
matched men, estrogen may have a protective 
effect. Indeed, some studies have shown a trend 
toward a protective effect of estrogen replace-
ment therapy.16 Bergink and colleagues22 stud-
ied a large population-based cohort of 1483 
men and women from the Netherlands and 
found a higher prevalence of knee OA in indi-
viduals with more copies of a particular allele 
of the estrogen receptor a gene. This allele of 
the ESR1 gene was associated with osteophy-
tosis but not joint space narrowing of the knee. 
After adjusting for confounding variables, the 
authors found a more than 2-fold increased 
risk for radiographic knee OA in women who 
were homozygous for (had 2 copies of) this 
specific allele. On the other hand, in a study 
of a large prospective cohort of elderly Cauca-
sian women, Lian and colleagues23 found risk 
reduced by almost 30% for prevalent and inci-
dent radiographic hip OA with the same ESR1 
allele investigated by Bergink and colleagues. 
The highest correlation with reduced preva-
lence was found in a subgroup with moder-
ate to severe joint space narrowing. Given the 
findings of these 2 studies, we might surmise 
that this ESR1 allele might have a deleterious 
effect on juxta-articular bone and a protective 
effect on articular cartilage.

Treatments for  
Osteoarthritis
As there is no true cure for OA, the goals of 
treatment are to control pain, minimize dis-
ability, maximize vocational and avocational 
function, maintain physical activity, and 
improve quality of life. Treatment can be non-
pharmacologic, pharmacologic, or surgical; 
most often, a combination of these therapies 
is used. Given that both men and women are 
included in studies of OA treatment, it is diffi-
cult to make specific management recommen-
dations for women. As a result, the treatment 
options described in this article apply to either 
sex. Multimodal treatment is the current rec-
ommended approach.

Nonpharmacologic treatments are discussed 
at left.

Pharmacologic Treatments
Acetaminophen is the pharmacologic treat-
ment of choice because of its analgesic affects 
and its risk profile, lower than that of other 

 Nonpharmacologic Treatments

As many patients with OA have deficits in gait, strength, flexibil-
ity, aerobic power, and exercise capacity,24,25 exercise is effec-
tive therapy. Results from several small studies suggest that 
these deficits can be safely reversed with a variety of exercise 
regimens26,27 or even electrical muscle stimulation.28 Exercise 
does not exacerbate OA29 but improves function while decreas-
ing pain and disability.30 In reducing disability, aerobic exercise 
and resistance training are not significantly different.31 Physical 
therapy can increase flexibility and strengthen the muscles and 
supportive structures of the knee; more flexibility and strength 
can then lead to decreased pain and improved function as the 
joint is unloaded and mechanical forces are appropriately dis-
tributed. Many OA patients, particularly those not accustomed 
to regular exercise, will benefit from undergoing formal physi-
cal therapy before initiating a home exercise program.

The joint-protective approaches used in training regimens and 
other activities are also effective in OA treatment. Swimming, 
bicycling, walking, and tai chi improve muscle strength, range of 
motion, and cardiovascular fitness while decreasing joint impact 
and load.32 Although one goal of OA management is to have 
patients continue their physical activity programs, patients with 
OA in a joint should probably avoid high-impact sports, such as 
running, in order to preserve remaining cartilage.33

Weight loss is another cornerstone of OA treatment. The rela-
tive risk for developing OA is higher with increased BMI.34 Also 
true is the reverse: Weight loss decreases risk for developing OA. 
A combination of diet and exercise was more effective in reducing 
pain and improving function and quality of life than diet, exercise, 
or education in healthy living alone.35

Padded, properly supportive shoes can reduce joint load and 
impact by up to 50%.36 Viscoelastic inserts, arch supports, and 
other orthoses also reduce loading on the medial knee.37 Certain 
taping techniques, which have the advantages of lower expense 
and few side effects, have shown promise in small clinical trials.38 
Bracing the knee in a valgus position decreases pain and improves 
function in patients with OA of the medial compartment.39 Patient 
compliance may be an issue with unloader bracing, as skin break-
down is common with extended wear. Our experience with medial 
unloader braces has been particularly good in relatively sedentary 
patients; patients who engage in vigorous exercise tend to toler-
ate these braces less well.
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analgesics, particularly nonsteroidal anti-
inflammatory drugs (NSAIDs) and opiates.26,40 
The American College of Rheumatology and 
the American Academy of Orthopaedic Sur-
geons recommend acetaminophen as the first-
line agent for patients with OA.

Oral NSAIDs are usually reserved for pain 
that cannot be controlled with acetamino-
phen.40 Given their risk for gastrointestinal and 
nephrologic complications, however, NSAIDs 
should be used with caution. Because NSAIDs 
are possibly associated with adverse cardiovas-
cular events, it may be best to limit use of these 
medications to patients whose need for pain 
reduction and risk for gastrointestinal events 
far outweigh any cardiovascular risk. Topical 
NSAIDs have an administration advantage: 
use of gels, creams, or transdermal patches 
reduces the systemic side effects already men-
tioned while offering pain relief similar to that 
provided by oral formulations. The disadvan-
tage of topical NSAIDs is that their effects may 
cease after 2 to 3 weeks.41

Opiates (eg, codeine, hydrocodone, oxy-
codone) are best used in patients who are not 
surgical candidates or for whom all other rea-
sonable therapies have failed. In most cases, 
opiates should not be used in the elderly. Nar-
cotics may be useful as short-term adjunctive 
therapies for acute exacerbations of OA.

Therapy combining glucosamine and chon-
droitin was shown to be no more effective than 
placebo in reducing pain and improving func-
tional status in patients with OA.42 However, 
this combination therapy showed modest ben-
efit over placebo in a small subset of patients 
with more severe disease. For this reason, a 
short (8-week) trial of glucosamine plus chon-
droitin may be recommended to interested 
patients.

Intra-articular injections are also aimed at 
maximizing the OA treatment effect and mini-
mizing adverse side effects. Corticosteroids 
and hyaluronic acid preparations are com-
monly injected to treat knee OA. Corticoste-
roid injections are well tolerated and effective 
in providing short-term pain relief.43 There is 
concern about frequent injections, so typically 
corticosteroids are reserved for acute flares or 
special patient populations and are injected as 
seldom as possible. Hyaluronic acid injections 
are also well tolerated and effective. Onset of 
action of hyaluronic acid is slower than that of 
corticosteroids, but the treatment effect is lon-
ger.44 Hyaluronic acid injections are ideal for 

active patients with mild to moderate arthri-
tis. Efficacy has been shown in both men and 
women. Efficacy is reduced in patients with 
advanced OA.

Surgical Treatments
When aggressive nonoperative management 
of OA fails, patients may consider total knee 
arthroplasty (TKA). In one study, prevalence 
of hip and knee OA was higher in women 
than in men, and women had worse symp-
toms and more arthritis-related disability.45 
In addition, more women (5.3 per 1000) than 
men (1.6 per 1000) were candidates for TKA 
or total hip arthroplasty, yet fewer women 
underwent TKA or total hip arthroplasty, 
even after adjusting for their willingness to 
have surgery. Other surgical procedures, 
such as renal transplantation and coronary 
artery bypass grafting, also appear to be con-
ducted less often than appropriate in women 
versus men—suggesting a bias that extends 
beyond the orthopedic community. No sci-
entific reason exists for this discrepancy, but 
presenters at a National Institutes of Health 
conference46 suggested that inequities at 
any stage of the TKA process—at physician 
evaluation, orthopedic surgeon referral, sur-
gery offer, surgery acceptance—could play a 
role in women’s underuse of TKA. As TKA 
leads to improved function and reduced pain 
in women, it should be encouraged in the 
appropriate clinical setting.

Summary
Osteoarthritis is a common debilitating joint 
disease that disproportionately affects women; 
OA incidence and symptom severity are higher 
in women than in men. Although women’s risk 
factors for OA development have been identi-
fied, there is no consensus as to why women 
tend to be more symptomatic than men. It is 
imperative that women with knee OA receive 
treatment so they can continue physical activ-
ity, minimize pain, and maximize functional 
status. Many treatment options exist for knee 
OA: analgesics, supplements, physical therapy, 
bracing, hyaluronic acid supplementation, and 
surgical management. Multimodal manage-
ment—typically a combination of medication, 
exercise, focused physical therapy, bracing, 
and viscosupplementation—has allowed for 
improved function and is the current recom-
mended approach. For severe OA cases, TKA 
may be necessary.
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E
rosive osteoarthritis (EOA), an id-
iopathic progressive arthritic dis-
ease involving the interphalangeal 
joints of the hand, combines osse-
ous proliferative changes typical 

of idiopathic osteoarthritis (OA) with inflam-
matory synovitis and articular erosions. The 
disease may affect the first carpometcarpal 
joint. It is rarely seen in larger joints.  It is most 
commonly found in postmenopausal women, 
and there is a female to male ratio of 12:1. The 
mean age of onset is 50.5 years, with an age 
range from 36 to 83 years. 1

EOA first becomes manifest clinically as a 
rapid onset of pain, tenderness, swelling, ery-
thema, and stiffness of the interphalangeal 
joints of the hand. There may be associated 
paresthesias of the fingers. Arthritic changes 
begin in the distal interphalangeal (DIP) joints 
and later involve the proximal interphalangeal 
(PIP) joints.

Radiographically, diffuse joint space narrow-
ing, subchondral sclerosis, and central joint ero-
sions give the interphalangeal joint its character-
istic “gull-wing” configuration (Figure 1).  There 
is symmetric involvement of the hands. There 
may be occasional linear periarticular periosteal 
reaction. Late findings include main en lorgnette 
(opera glass) deformity and, in 15% of patients, 
ankylosis across interphalangeal joints.2

The primary radiographic differential con-
siderations include OA, rheumatoid arthritis 
(RA), and psoriatic arthritis. Erosive osteoar-
thritis and conventional OA have similar dis-
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Figure 1. Erosive osteoarthritis. Note joint space 

narrowing and sclerosis of the distal interphalangeal 

joints and,  in this case, the PIP joints, with preser-

vation of the more proximal wrist and hand. Central 

erosions at the interphalangeal joint lead to the char-

acteristic “gull wing” appearance of the affected in-

terphalangeal joints  (see DIP 3).



tributions, both affecting the hand at the in-
terphalangeal and first metacarpal phalangeal 
joints. In EOA, much like in OA, there are 
marginal osteophytic changes in association 
with soft-tissue prominence at the PIP and 
DIP joints, manifesting as Bouchard’s and He-
berden’s nodes, respectively. The clinical pre-
sentation of conventional OA, however, does 
not include the synovitis, erythema, and swell-
ing characteristic of EOA.3 There are joint ero-
sions in EOA, unlike idiopathic OA.

The characteristic erosions in erosive osteo-
arthritis are centrally located in the joint—in 
contradistinction to the marginal erosions seen 
in rheumatoid arthritis (RA) and psoriatic ar-
thritis. The distribution of RA in the hand is 
more proximal than EOA, involving the ra-
dial-carpal, intercarpal and carpal-metacarpal, 
metacarpal-phalangeal, and proximal interpha-
langeal joints (Figure 2). Periarticular osteopo-
rosis—seen in RA—is uncommon in EOA. 

Psoriatic arthritis and EOA both involve the 
interphalangeal joints. Erosions are present in 
both psoriasis and EOA, but the psoriatic ero-
sions are marginal in location while the erosions 
in EOA are central (Figure 3). Acro-osteolysis 
and “pencil-in-cup” deformities characteristic 

of psoriatic arthritis are absent in EOA. Ero-
sive osteoarthritis exhibits a symmetric distri-
bution, while psoriasis has characteristic asym-
metric joint involvement. Unlike EOA, RA and 
psoriatic arthritis commonly involve multiple 
joints throughout the body, and osteophytes 
are not seen until later in the disease as an end-
stage secondary finding. Patients with EOA 
characteristically lack systemic symptoms, nor 
are they afflicted with skin rashes.
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Figure 2. Rheumatoid arthritis. This posteroanterior 

radiograph of the left hand demonstrates multiple 

erosions, joint space narrowing, and subluxation in-

volving the wrist and proximal hand, with sparing of 

the DIP joints. Note the periarticular osteoporosis that 

is characteristic of the rheumatoid patient. 

Figure 3. (A) Psoriatic arthritis. The erosions are pe-

ripheral or marginal in psoriasis (arrows). Unlike other 

arthropathies, psoriatic erosions are not sharply de-

fined and instead tend to have fuzzy borders with 

associated periostitis, the so-called  “proliferative 

erosions.” Note wispy periostitis (arrowhead). The 

erosions at the interphalangeal joints have been de-

scribed as resembling “mouse ears.” (B) Erosive os-

teoarthritis. The DIP shows the central erosions char-

acteristic of the disease (arrow) and the characteristic 

“gull wing” configuration.
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W
omen constitute an ever in-
creasing segment of the or-
thopedic population, particu-
larly because of the graying 
of the general population, 

which means more women affected and more 
female patients, since women live longer than 
men do.1,2 Compared with men, women have a 
greater occurrence of several orthopedic prob-
lems, including noncontact injury of anterior 
cruciate ligament, osteoarthritis, osteoporosis, 
and forefoot problems.1-3 Furthermore, there 
are more women in organized sports than 
there were 25 years ago.4 Because of Title IX 
of the Educational Amendments Act of 1972, 
there are 7 times as many women participating 
in interscholastic sports now than there were 
in that year.3-5 The number of female athletes 
has increased at the elite level as well, including 
both college and international, Olympic-type 
competition.6-8 All these factors mean that 
there will be more women with musculoskel-
etal problems in the future.

Not only do these factors increase the oc-
currence of musculoskeletal problems in 
women, but certain injuries are unique to 
women. Compared with men, women have 
a wider, shallower pelvis; increased body 
fat; decreased muscle fiber and total muscle 
cross-sectional area; earlier skeletal matu-
rity; and larger surface area to mass.9 In ad-
dition, certain specific physiologic factors are 
decreased, such as lung volume, heart size, 
and maximum cardiac output.9 However, the 
absolute strength of women is nearly equal to 
that of men when it is defined relative to fat-

free weight, and resistance training results in 
similar relative gains in strength and muscle 
in women and men.9

In addition to these specific anatomical and 
physiologic differences, bone mineral density 
(BMD) declines in women beginning around 
age 25, with a long-term result being osteopo-
rosis.10 These changes result in low bone mass 
and microarchitectural deterioration of bone 
tissues, leading to enhanced skeletal fragility 
and increased risk for fracture. The common 
fractures that occur in women as a result of de-
creased BMD include those of the wrist, spine, 
and hip.10 Although young women may not have 
osteoporosis as defined by BMD, they are in a 
phase of bone mineral loss, which may be en-
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Found 1.5 to 12 times more often in women than in men in the  
general population, these injuries are also known to occur 3.5 to  
4 times more often in women than in men in the athletic population.

l	Physical examination usually reveals localized bone tenderness 
and localized swelling with a possible mass or a thickening of the 
periosteum and cortex of the bone.

l	 … plain radiographs are typically normal during the first 2 to 3 
weeks after symptom onset.

l	 The differential diagnosis includes stress fracture, stress reaction 
periostitis, infection, neoplasm, shin splints, and compartment 
syndrome.

Primary Points in Diagnosis



hanced by any of these extrinsic and intrinsic 
factors.11 Stress fractures are a manifestation 
of this process, and the same nutritional, hor-
monal, and activity factors must be addressed to 
treat them as the true fractures in the elderly, 
differing only in duration and intensity of pre-
scription. Given this decreased BMD, which 
results in an increased risk for specific frac-
tures, it is not surprising that stress fractures 

are also more common in women than in men.10

In this article, I review the evolution, diag-
nosis, and treatment of stress fracture, which 
affects women disproportionately to men.

Definition and Pathology  
of Stress Fractures
A stress fracture is the inability of the skeleton 
to withstand repetitive mechanical loading. The 
fracture results from structural fatigue and the 
inability to adequately remodel and repair the 
specific area of loading.3 During times of load-
ing, the bone is susceptible to microfracture, 
and under continued loading these microfrac-
tures can coalesce into a stress fracture. Dur-
ing periods of intense exercise, bone formation 
lags behind daily bone resorption. In this situ-
ation, a stress fracture can occur.3,12

With appropriate imaging, these areas of 
stress fracture in the bone are identified early 
to document the extent of the osseous involve-
ment by the process. Stress fractures are found 
1.5 to 12 times more often in women than in 
men. In the athletic population, these injuries 
occur 3.5 to 4 times more often in women than 
in men.13 The tibia is the most common site of 
stress fractures, and the hip, pelvis, and foot 
are the other common sites in women.12 Muscle 
fatigue can result in excess force transmission 
to the bone, and muscle contraction can result 
in concentration of force on the bone at the at-
tachment of the muscle.3 Other risk factors are 
decreased BMD, which is associated with exer-
cise in the female athlete and declining bone 
mass beginning as early as age 18.11

Factors Contributing to Bone 
Loss and Stress Fracture
In a prospective study of more than 102,000 
people, the incidence of stress fracture was 
311/100,000 person-years, and the female-to-
male ratio varied substantially, depending on 
the anatomical location of the injury.14 In addi-
tion, intrinsic factors, such as endocrine status 
as determined by menstrual regularity and dys-
function, nutritional factors, physical fitness, and 
previous occurrence of musculoskeletal fractures, 
are important.12,14-19 Family history may be a 
unique intrinsic factor. In a group of female ath-
letes, family history was the only factor indepen-
dently associated with stress fracture.20 Extrinsic 
factors, such as training programs, equipment, 
environment, and exercise surface, also affect the 
incidence of stress fracture.12,14-19
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 Female Athlete Triad

The 3 interrelated components of the female athlete triad—dis-
ordered eating, amenorrhea, and osteoporosis—may pose a 
higher risk for stress fractures. Abnormal nutritional behavior 
can include restricted food intake; self-induced vomiting; use 
of laxatives, diuretics, and/or diet pills; and excessive exer-
cise.12,14,21 For physiologic reasons, amenorrhea occurs when 
the female athlete’s percentage of body fat is too low. Amenor-
rhea is no menses for 3 consecutive months owing to a lack of 
available energy because of poor dietary intake. Amenorrhea 
also occurs when the menstrual cycle is longer than 36 days, 
possibly because of anovulation or low levels of estrogen and 
progesterone.12,14,17-19,21,22

The end result of these 2 systemic issues is a detrimental effect 
on BMD and increased risk for osteoporosis, which leads to stress 
fracture (Figure 1).12,20,22,23 The personality type involved is that of 
a high-achieving professional with obsessive-compulsive traits.12 
Psychological counseling may be necessary for treatment.

In the stress fracture setting, the components of the female ath-
lete triad can be recognized and treated if the clinician is aware of 
the American College of Sports Medicine position statement on 
the triad and maintains a high index of suspicion. The statement 
emphasizes early recognition, preferably during an athlete’s pre-
participation evaluation. The athlete should be evaluated for the 
triad but also for the tendency to have these nutritional and phys-
iologic problems, which pose a risk for decreased BMD in sports 
such as gymnastics, track and field, and swimming.23 

Figure 1. Ischial ramus fracture in runner with female athlete triad

continued on page 18
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The effects of the female athlete triad are 
discussed in the Box on page 16.

Clinical Findings
It is preferable to make an early diagnosis of 
stress fracture to avoid the complications of a 
complete fracture or nonunion. The presenta-
tion usually comes with a history of insidious 
onset of pain in a patient engaged in repetitive 
activity.3 The patient’s training regimen should 
be evaluated for changes in intensity, distance, 
and activity type as well as the surface on which 
the activity is performed.3,5-7,14,16,21 In women 
with stress fractures, it is important to check 
diet history, weight changes, weight preoccupa-
tion, purging behavior, menstrual history, and 
history of previous stress or fatigue fractures.3,12 
Physical examination usually reveals localized 
bone tenderness and localized swelling with a 
possible mass or a thickening of the periosteum 
and cortex of the bone.3 The patient should also 
be assessed for muscle weakness, extremity atro-
phy, and predisposing limb alignment.3,5-7 The 
differential diagnosis includes stress fracture, 
stress reaction periostitis, infection, neoplasm, 
shin splints, and compartment syndrome.3,5 

An algorithm for diagnosing stress fractures 
appears in Figure 2.

Imaging Choices
In the evaluation of stress fractures, plain radio-
graphs are typically normal during the first 2 to 
3 weeks after symptom onset. Later, periosteal 
reaction cortical lucency or even a fracture line 
may be present (Figure 3).3 Radionuclide imag-
ing has traditionally been considered a sensi-
tive method for confirming clinically suspected 
stress fractures. Stress fractures are visual-
ized as discrete, localized, sometimes linear 
areas with increased uptake in all 3 phases of 
technetium 99m disphosphonate bone scans24  
(Figure 4). Magnetic resonance imaging (MRI) 
is an important option for identifying stress 
fractures when the clinical diagnosis is in doubt 
(Figure 5). MRI characterizes areas of local-
ized increased uptake in a bone scan without 
increased radiation exposure.3,12

Treatment of  
Stress Fractures
Management of a stress fracture begins with 
assessing and treating the intrinsic or extrinsic 
factors that have a role in stress fracture devel-

Figure 2. Algorithm for diagnosing and managing stress fractures. MRI=magnetic resonance imaging.
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opment. With regard to intrinsic factors in 
women, correcting problems in dietary status 
and dietary habits becomes important, as does 
treating any menstrual dysfunction or hor-
monal imbalance. If BMD is reduced, it should 
be treated through appropriate medical consul-
tation and recommendations, which may include 
vitamin use and calcium supplementation.12,19 
Using oral contraceptives, along with an increase 
in dietary calcium, has been noted to decrease 
risk for stress fractures in young female run-
ners but may be viewed in some studies as con-
troversial and as having inconclusive evidence  
of efficacy.22

With regard to extrinsic factors, training 
regimens should be modified to decrease fre-
quency, duration, and intensity.12,18,25 The sur-
face on which the activity takes place should be 
as soft as possible.18

In the majority of cases, conservative treat-
ment of stress fractures in athletes is satisfac-
tory. However, some fractures, including those 
of the femoral neck, the anterior cortex of the 
tibia, the medial malleolus, the tarsal navicular, 
and the fifth metatarsal3,12 (Figure 6), are consid-
ered high-risk, with a predilection to progress to 
complete fracture, delayed union, or nonunion.

Managing Low-Risk Stress Fractures
In low-risk stress fractures, the first phase of 
management involves pain control and phys-
iotherapy. One recommendation is activity 
modification, which includes engaging in nor-
mal weight-bearing and day-to-day activities 
while eliminating the activity that produced 
the stress injury.12 Activities such as cycling, 
swimming, less intense running, and water 
running are alternatives that often allow 
the athlete to continue exercising.12 Stretch-
ing, flexibility exercises, and core strength-
ening are important parts of treatment in  
this phase.5,12,25

In the second phase, when the athlete has 
been pain free for 2 weeks, the modalities of 
the first phase can be continued while the pa-
tient’s sport activity is gradually reintroduced. 
There should be a graded, alternate-day rein-
troduction of the sport activity that had caused 
the fracture.5,12 Decreased training was found 
to cut the stress fracture rate in military re-
cruits from 4.8% to 1.6%.6 Modifying other 
extrinsic factors, including running surface 
and footwear, and controlling excessive pro-
nation through use of orthotic devices may  
be helpful.12

Figure 4. Bone scan with hot spot at tibial stress 
fracture.

Figure 3. Plain radiograph shows tibial stress fracture with characteristic lu-
cent line and periosteal elevation.
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Managing High-Risk Stress Fractures
Tibia Fractures. The most common high-
risk stress fractures are those of the tibia, par-
ticularly the anterior cortex of the tibia, where 
there is a prominent tibial bow. These fractures 
tend to recur when exercise is reintroduced; 
therefore, if they do not respond to a 3- to  
6-month trial of conservative treatment, surgi-
cal treatment should be considered. For virtu-

ally all recreational athletes who do not have 
time constraints for returning to their activity, 
this treatment should be sufficient.3 Competi-
tive athletes at the college, professional, and 
elite levels may need to return to their activity 
sooner and therefore may opt for surgical treat-
ment. Surgical options include intramedullary 
tibial nailing and/or surgical excision and bone 
graft of the lesion itself.26,27

Medial Malleolus Fractures. Stress frac-
tures of the medial malleolus can occur after a 
history of running, which causes the insidious 
onset and aggravation of pain. These fractures 
may be treated satisfactorily with a cast or, if the 
problem recurs, by drilling across the fracture 
site to stimulate healing. After drilling, usually 
there is cast immobilization for 6 weeks.28

Navicular Fractures. In athletes, navicular 
stress fractures are treated with non-weight-
bearing cast immobilization for 4 to 6 weeks, 
but only after at least 6 weeks of activity limi-
tation, during which weight-bearing is contin-
ued in a cam walker–type orthotic. Screw fixa-
tion and bone grafting may also be considered 
for navicular fractures that fail to heal after  
cast immobilization.29,30

Fifth Metatarsal Fractures. Fractures of 
the proximal fifth metatarsal usually heal well 
when in the base of this bone, which has a good 
blood supply. Fractures more distal, primar-
ily in the metaphysis, take longer to heal than 
most proximal fractures, and treatment should 
be individualized. Initial management may in-
clude a metatarsal brace, a stiff-soled shoe, a 
short-leg cast or cam walker, and, in the most 
recalcitrant fractures, internal screw fixation. 
These fractures may take 2 to 21 months to 
unite without surgical treatment, and, there-
fore, particularly in athletes, aggressive surgi-
cal intervention may be necessary.31

Prevention
Prevention begins with female athletes and their 
coaches being alert to the adverse effects of eating 
disorders and hormonal abnormalities associated 
with menstrual dysfunction. In addition, nutri-
tional consultation and vitamin supplementation 
may be helpful in preventing some of these prob-
lems.23 Athletes and coaches should be educated 
about the deleterious effects of overtraining and 
the importance of rest days. For example, when 
workout intensity is increased, or running is done 
on an incline or a hard surface, the medical staff 
should be more vigilant.15,16,18 Comfortable run-
ning shoes and use of orthotics to correct limb 

Figure 5. Magnetic resonance imaging shows tibial 
stress fracture with surrounding bone marrow edema.

Figure 6. Magnetic resonance imaging (not plain radiograph) shows femoral 
neck stress fracture in female runner.
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malalignment may help reduce the incidence of 
lower extremity fractures.3,12

Summary
For physiologic and anatomical reasons, stress 
fractures occur more often in women than in 
men. Evaluation of patients’ general medical sta-
tus may help in defining problems and may point 
to treatment and prevention strategies. Activity 
modification and rest days are essential in reduc-
ing the incidence of these injuries in women.
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A surgeon known for his offbeat sense of 
humor sent an e-mail to a colleague, 
thanking him for a referral but also 

making what he thought was a harmless wry 
crack about the patient. Instead of laughing 
along with the joke, the recipient found it of-

fensive and stopped referring to the practice.
Another physician who encouraged patients 

to communicate via e-mails didn’t clearly spell 
out his policy to them. Some wrongly assumed 
that he would regularly monitor his inbox and 
respond promptly to their queries. When their 
e-mails went unanswered for a few days, the 
patients became annoyed that the doctor had 
ignored them. Even worse, some had questions 
of an urgent medical nature.

E-mail has become an essential communica-
tion tool. When used properly, it can help build 
practices, educate patients and ease communica-
tion. “If they aren’t handled properly, though, e-
mails can also destroy relationships, lead to angry 
misunderstandings, and damage your profession-
al reputation,” says Jennifer A. O’Brien, a consul-
tant with KarenZupko & Associates of Chicago. 
Misuse of e-mail also can result in real harm to 
patients and needless legal liability.

You can make e-mail work to your benefit 
and avoid the many potential pitfalls, accord-
ing to physician colleagues, practice manage-
ment consultants, and attorneys. But to make 
sure that electronic communication enhances 
your practice instead of creating misunder-
standings, you’ll need to establish some proper 
safeguards when exchanging messages with 
both colleagues and patients.

Dealing with colleagues
The referring physician in the first example 
probably wouldn’t have taken offense at the sur-
geon’s joke if he had heard the tone of his voice 
on the telephone or seen his facial expression or 
body language in a face-to-face meeting.

E-mail is a unique communication mode be-
cause it is devoid of such nuances and subtleties 
we all use to decipher what others are saying, 
notes Jennifer O’Brien. Yet e-mail is extremely 
fast. A click of the mouse and you’ve created a 
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E-mail Do’s and Don’ts
Mark Crane

If they aren’t handled properly,  
e-mails can also destroy relationships,   
lead to angry misunderstandings, and  
damage your professional reputation.
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written correspondence that can last eternally 
and return to haunt you.

There’s just something about e-mail that 
almost encourages curt responses without the 
unspoken diplomacy and courtesy we usually 
use during phone conversations or in person.

Attorneys consider e-mails a virtual treasure 
trove, a permanent record that can be retrieved 
long after they have been deleted and can be 
subpoenaed in a lawsuit. Here are a few tips to 
avoid problems.

Be careful about jokes and sarcasm. Know 
your audience. Not everyone understands that 
the symbol :), called an emoticon, means that 
whatever preceded it was intended tongue in 
cheek. Never write something in an e-mail that 
you wouldn’t include in a written memo or letter.

Address messages carefully. One surgeon 
sent an e-mail to a practice consultant, ex-
pressing concerns about the performance of 
the group’s business manager. “It was pretty 
scathing,” recalls O’Brien. “But he’d inadver-
tently cc’d the manager.” That created needless 
embarrassment and tension within the practice 
and could have even led to a lawsuit.

Use Reply to All cautiously. It’s far too easy 
to simply click on a button and send an e-mail 
to everyone listed. Responding to everyone may 
not be appropriate or wise. Consider whether 
you’d speak the same words if all of those people 
were facing you in a room. The same consider-
ation applies to forwarding e-mails. There may 
be sensitive information or even disparaging 
comments at the bottom of a thread of previous 
messages. So if you and another doctor are talk-
ing about how an associate needs to improve the 
way he communicates with patients or handles 
documentation, make sure you aren’t sending 
the message to that associate.

Don’t let e-mail substitute for in-person 
meetings. Some issues just shouldn’t be han-
dled by e-mail, especially regarding evaluating 
staff performance or dealing with sensitive is-
sues. E-mail is no substitute for in-person en-
counters or telephone calls.

Check your in-box regularly. At least once a 
business day is the minimum or you could miss 
vital information and appear unresponsive. It’s 
courteous and smart to use the Out-of-Office 
feature when away so that others know not to 
expect a response soon.

Dealing with patients
Three-quarters of patients would like the 
ability to e-mail their doctors, according to a 

Harris Interactive survey published last year. 
Most patients want to receive test results and 
clinical-care reminders by e-mail, schedule ap-
pointments online, and electronically transmit 
home-monitoring data to the doctor’s office.

More than 1.4 million Kaiser Permanente 
members are registered to use the secure online 
services on kp.org. Since the launch of secure 
e-mail services through the personal health re-
cord available on kp.org, more than 2.7 million 
e-mail messages have been sent to providers.

A Kaiser study last year showed that patients 
who use secure e-mail were 7% to 10% less 
likely to schedule an office visit, and they had 
about 14% fewer phone contacts than those 
not using online services. The study concluded 
that e-mail is more convenient and efficient for 
both the physician and patient for non-urgent 
concerns.

If you have a practice Web site or encourage 
patients to send e-mails, it’s essential to have 
solid protocols in place to avoid misunder-
standings and liability.

Educate patients. A Web site can be an ef-
fective tool in educating patients who can read 
about their diagnoses, medications and treat-

ments. The site can post commonly asked 
questions or provide links to other sites with 
patient-oriented articles. But this information 
must be of a general nature and shouldn’t cre-
ate a doctor-patient relationship. Check the ac-
curacy of even general information on the site 
in order to avoid liability so patients won’t sue 
for following erroneous advice.

Don’t over-promise. Think of a Web site 
as an electronic patient brochure.  If you make 
promises you can’t keep, you could face liabil-
ity for violation of consumer protection laws, 
breach of contract, and malpractice, says Lee J. 
Johnson, a health care attorney in Mount Kis-
co, NY. Your promised standard of care can be-
come evidence in a lawsuit, such as “no waiting 
times,” “best results in the county,” or “lowest 
fees in the state.” Never promise a cure. Don’t 

Check your in-box regularly.  
At least once a business day is the  
minimum or you could miss vital  
information and appear unresponsive.
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promise that your care will meet the highest 
standards. In a lawsuit, you are held to a rea-
sonable standard of care. It is best to promise 
exactly that.

Make sure you’re covered. Doctors with a 
site that attracts patients in other states must 
make sure that malpractice insurance will cov-
er activities in another state. Traditional insur-
ance coverage has been limited to jurisdictions 
where providers and patients are located and 
sometimes for bordering states. Check with 
your insurance carriers, urges Johnson.

Include a disclaimer. Every physician Web 
site should include a disclaimer so that patients 
don’t rely on the information for their specific 
conditions without contacting you directly. 

“This service is intended to provide general 
information only. The information provided 
does not constitute medical advice. Only your 
doctor can provide you with advice concern-
ing your specific health issues” is a standard 
disclaimer, notes Steven I. Kern, a health care 
attorney in Bridgewater, NJ.

Set protocols for emergencies. Patients 
must be told that e-mail is no substitute for a 
phone call when they have urgent concerns. 
Kern recommends that the site contain the 
following advice: “If you are writing about a 
condition which may require immediate re-
sponse, contact our office by telephone, or go 
to the nearest hospital emergency department. 
This e-mail service is only checked intermit-
tently, and cannot respond to urgent or emer-
gent messages. If you do not receive a response 
within 7 days, please call the office for assis-
tance.”

Keep track of patient e-mails. You may 
allow patients to make appointments, renew 
prescriptions or even e-mail for routine mat-
ters through your site. Reminders can be sent 
before appointments. Notices can be sent 
for missed appointments, labs, x-rays and/or 
consults. Notice of reports received can be e-
mailed and sometimes copies of reports can be 
attached. Your office should have a protocol so 
that someone is responsible for responding to 
e-mails. It should be determined in advance 
when the physician must be involved and how 
soon e-mails should be answered, says Lee 
Johnson. All messages should be printed, ini-
tialed by the person responsible, and placed 
in the patient’s record. The computer can be 
programmed to confirm receipt of the patient’s 
message.

Document your policy. Your practice 
should have a documented policy about the use 
of e-mail, and every employee should be famil-
iar with it.

E-mail can help you keep patients educated 
and informed and can ease communication 
with colleagues, both within a group practice 
and with referring physicians. Follow reason-
able protocols so that e-mail enhances your 
practice and doesn’t create problems and liabil-
ity concerns. � WH

It should be determined in advance 
when the physician must be involved  

and how soon e-mails should be answered.


