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Abstract Osteoarthritis is a disease that progresses over
time and culminates in the destruction of articular cartilage
and joints. Thus, with an increasing elderly population the
treatment of knee osteoarthritis has become a major
healthcare issue. It has been shown that women are more
severely impacted by knee osteoarthritis. Differences in
knee anatomy, kinematics, previous knee injury, and hor-
monal influences may play a role. Sex difference with
respect to osteoarthritis presentation, treatment, and the al-
location of resources also exists. In general, women present
for treatment in more advanced stages of osteoarthritis and
have more debilitating pain than their male counterparts. In
addition, healthcare providers are more likely to recommend
total joint arthroplasty for their male patients. Understanding
how and why these gender differences occur is instrumental
in formulating an inclusive strategy for combating osteoar-
thritis in the future.

Keywords Women . Knee . Osteoarthritis . Gender .

Treatment . Total knee arthroplasty . Elderly

Introduction

Osteoarthritis of the knee is very common, affecting 12.4
million (33.6 %) adults over the age of 65 [1]. Interestingly,
women are more affected and burdened by osteoarthritis of the
knee than men [2–6]. Studies have shown that osteoarthritis is
expressed differently in women than in men and may affect
certain parts of the knee disproportionally [4, 7•, 8, 9]. This is
particularly evident in the patellofemoral joint where isolated

patellofemoral arthritis is more prevalent in women than in men
[4, 10]. In addition to the anatomic area affected, women
usually present in more advanced stages compared with men,
have different gait patterns [11], and report more pain and
disability [8, 9, 12, 13]. In a study about knee pain and disabil-
ity in the community, McAlindon et al. found that the frequen-
cy of reported disability relating to knee arthritis was
significantly higher in women than men [8].

Differences in the radiographic presentation of osteoar-
thritis have also been shown in large cohorts of patients.
Felson et al. using the Framingham Heart Study cohort,
demonstrated that radiographic evidence of osteoarthritis
increased with age from 27 % in subjects younger than 70,
to 44 % in subjects age 80 or older. When considering
gender, they found a slightly higher prevalence of radio-
graphic osteoarthritis in women than in men (Fig. 1). Thus,
they concluded that there were a significantly higher number
of women with symptomatic disease [3].

Causes of knee osteoarthritis in women

The reasons for the differences in the presentation and
development of osteoarthritis of the knee in women com-
pared with men have not been well studied. Ultimately, the
cause may be multifactorial and include anatomic differ-
ences, previous trauma, and genetic and hormonal issues.
The anatomic differences between males and females that
may play a role include narrower femurs, thinner patellae,
larger quadriceps angles, and differences in tibial condylar
size [14]. These differences have led to the development of
gender-specific total knee replacements. Although these
differences exist, there has been no link established between
them and the development of osteoarthritis. Differences in
knee cartilage volume, however, may play an important
role. Using analysis of sequential magnetic resonance imag-
ing (MRI), Hanna et al. observed that men had significantly
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greater total tibial and patella cartilage volume than women
and that women had a significantly higher prevalence of
patellar cartilage defects at baseline. Over time women
showed more knee cartilage volume loss when compared
with their male counterparts. As a result, women may have
an increased risk of progression of tibiofemoral cartilage
defects [7•]. Although not definitively proven, less baseline
cartilage and increased volume loss are likely contributing
factors to knee arthritis in women. Given the lack of evi-
dence in this area, further studies on anatomic reasons for
the development of osteoarthritis are clearly indicated.

In combination with anatomical differences, kinematic
differences may also play a role in the development of
osteoarthritis in women. Chapell et al. examined knee ki-
netic differences between men and women with regards to
stop-jump tasks. Women demonstrated greater anterior and
posterior shear forces, greater extension and valgus mo-
ments than men [15]. Other studies have shown similar
differences between males and females [16–19]. Altered
mechanics and increased valgus moments may put more
abnormal stress on female athletes’ knees leading to an
increase in the risk of knee osteoarthritis.

Another important factor that may put women at risk for
osteoarthritis of the knee is a history of knee injury. It has
been well established that women have increased incidence
of anterior cruciate ligament (ACL) injuries and that these
injuries lead to future osteoarthritis regardless of gender [20,
21]. ACL injury often results in a characteristic bone bruise
on both the lateral femoral condyle and lateral tibia plateau
as demonstrated on MRI. In addition, the effects of a
hemarthrosis and the release of factors and their effect on
articular cartilage are unknown., It can be theorized that
these traumatized articular surfaces whether from impact
or from a toxic milieu may increase the risk of developing
osteoarthritis. However, more studies with long -term follow
up are needed to establish a definitive link. A recent study

by Chu et al. demonstrated that randomized controlled
trials for early arthritis interventions following acute
ACL tear were possible through collaboration [22]. The
results of these studies could greatly impact the health of
women and their knees.

Hormonal differences between men and women may play
a role in the development of osteoarthritis. Postmenopausal
women, in particular, have an increased risk of developing
arthritis and this has been linked to the decrease in estrogen
during this time. Richmond et al. identified estrogen recep-
tors in articular cartilage [23] and although the clinical
significance of the receptors is not fully understood, their
existence implies a potential relationship between estrogen
and articular cartilage health. In a more clinically related
study, Zhang et al. demonstrated that postmenopausal wom-
en who take estrogen replacement therapy have a decreased
chance of developing radiographic evidence of knee arthri-
tis. In addition, the protective effect of estrogen replacement
therapy was increased with the duration of the therapy [24].
It appears that estrogen may have a beneficial effect on
cartilage; however, the exact mechanism of this protection
has yet to be elucidated. Other hormones and growth factors
may also affect osteoarthritis in women. Richmond et al.
using estrogen-treated surgically menopausal monkeys as
models, observed an increase in proteoglycans and insulin-
like growth factor binding protein-2 (IGFBP-2) in the carti-
lage treated with estrogen. IGFBP’s have been shown to be
produced by chondrocytes but little is known about their
exact function in cartilage [23]. Others have shown de-
creased IGF-1 levels in women who underwent total knee
replacement compared with male patients [25]. Future re-
search on the effects and potential benefits of hormones and
growth factors is needed to fully clarify their role in the
development of knee osteoarthritis.

Diagnosis

The diagnosis of osteoarthritis of the knee does not differ
between men and women. A history of knee pain, stiffness,
crepitus, and swelling is common to both genders but a
difference in the severity of symptoms does exist. Women
typically present with worse symptoms including greater
complaints of pain and disability [8, 26]. More advanced
radiographic findings are also common [10]. Radiographic
evaluation should include weight-bearing views to deter-
mine the alignment of the limb. The amount of joint space
narrowing, osteophyte formation, sclerosis, and subchondral
cysts should be identified. Further imaging with magnetic
resonance imaging is generally not required for moderate to
advanced stages of arthritis unless other pathology is
suspected. The reasons for gender-related differences in
presentation can only be speculated at this time and further

Fig. 1 Knee osteoarthritis in a 47-year-old female
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research is needed in order to implement appropriate treat-
ment options.

Treatment

Recommendations for the treatment of osteoarthritis of the
knee range from activity modification and anti-inflammatory
medication to total knee arthroplasty, depending on the dis-
ability of the patient and the severity of the disease. Although
likely to have existed for some time, only recently have
differences in recommendations and treatment based on gen-
der been reported [1, 12, 27–29].

The non-operative management of osteoarthritis is mul-
timodal, and may include exercise, bracing, non-steroidal
anti-inflammatory medication, corticosteroid injections,
viscosupplementation injections, and complementary and
alternative medicine. Exercise can reduce pain and increase
function in a patient with early arthritic changes [30]. Some
evidence supports the recommendation that a low impact
weight-bearing program may be beneficial to patients with
osteoarthritis [31]. However, the effects of exercise pro-
grams may be lost after 6 months if patients do not maintain
the exercise program [31, 32]. The American Academy of
Orthopaedic Surgeons (AAOS) also recommends weight loss
in addition to activity modification as a means to reduce
symptoms. Gender differences with respect to exercise, activ-
ity modification and weight loss on the symptoms and pro-
gression of knee arthritis have not been fully studied to date.

The use of a knee brace is quite common in the treatment
of knee osteoarthritis and can include knee sleeves, hinged
knee braces, and custom knee unloading braces. Braces are
designed to reduce swelling, improve stability, and, in the
case of the unloader brace, reduce mechanical load in the
diseased compartment of the knee [30]. Very little data
exists regarding the effectiveness of bracing in the treatment
of osteoarthritis. The anatomic differences and kinematic
differences between the female and male knee suggest that
females may respond to bracing differently than males.
Gender-specific bracing has been designed by some compa-
nies, however, there is no evidence to show that these braces
are more effective in females in reducing symptoms and
improving function. Currently, the recommendation for the
use of a brace in the treatment of osteoarthritis is a decision
made between the patient and the physician and should be
based on clinical symptoms, radiographic findings, and the
patient’s ability to be compliant with a brace.

Nonsteroidal anti-inflammatory drugs, or NSAIDs, are a
common adjunct in the symptomatic management of osteo-
arthritis of the knee. Their use should be limited in older
patients, male or female. Patients with bleeding disorders;
gastrointestinal, cardiovascular, or renal disease, and
anticoagulation use are at increased risk for adverse effects.

Gender differences in the type of NSAID used and the
dosing has not been adequately studied and, therefore, rec-
ommendations for women with osteoarthritis have remained
the same as men. Future research may identify more effec-
tive drugs and drug regimens for women with knee osteo-
arthritis. Currently, recommendations for NSAID use should
be determined by the physician on a case-by-case basis

In addition to NSAIDs, intra-articular corticosteroid in-
jections have been a staple of symptomatic management of
osteoarthritis. These injections can be helpful in combating
painful flair ups but require invasive techniques, which can
lead to complications, including infection. Difficulties in
accuracy with intra-articular injections have been reported
[33, 34]. Corticosteroid injections in combination with local
anesthetics are common and recent evidence suggests that
these medications, though they relieve pain, may have
chondrodestructive properties [35, 36].

Increasingly more attention is being paid to viscosupple-
mentation for the treatment of knee arthritis. The use of
hyaluronic acid (HA) injections has theoretic benefits that
may combat arthritis. Hyaluronic acid has viscoelastic prop-
erties and chondroprotective potential [30, 37]; however, its
theoretic benefits have yet to translate into evidence of dra-
matic clinical improvement. To date, viscosupplemenation
has only been shown to be somewhat efficacious in the
short-term relief of the symptomatic knee with early arthritis
[30, 37]. No studies have reported gender differences with
respect to corticosteroid use or viscosupplementation. More
randomized control trials are needed to determine if these
treatment options are appropriate for patients, male and fe-
male, with all degrees of arthritis of the knee

Complementary and alternative medicine (CAM) has
been used in the treatment of osteoarthritis of the knee for
many years. Treatments in this category include herbal
remedies, acupuncture, mind-body intervention (ie, yoga,
Tai Chi, etc.), spiritual activities, topical therapies, and oral
supplements including glucosamine and chondroitin sulfate.
Jawahar et al. studied the effects of gender and the use of
alternative medicine in a large cohort of patients with radio-
graphically confirmed knee osteoarthritis [38•]. In the study
they found equal use of glucosamine and chondroitin sulfate
therapies between genders. However, women were more
likely to use mind-body interventions, acetaminophen,
NSAIDs, and topical agents [38•]. Ultimately, the study
supported the conclusion that women are more likely than
men to use complementary and alternative medicine alone
or in combination with conventional medical modalities for
the treatment of knee osteoarthritis [38•].

The role of arthroscopy in the treatment of knee osteoar-
thritis has been controversial. It is widely practiced but the
clinical data supporting its use has been lacking. Kirkley et
al. compared medical management combined with physical
therapy, to medical management with physical therapy and
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arthroscopic debridement. From this study they concluded
that there is no benefit, in terms of outcome scores, between
medical management with physical therapy and arthroscop-
ic debridement [39]. Currently the AAOS guidelines suggest
a limited role for arthroscopic debridement of symptomatic
meniscal tears and/or loose bodies, as long as signs and
symptoms correlate with the pathology [31].

For those patients who have end-stage arthritis and de-
bilitating symptoms, total knee arthroplasty remains the
gold standard for pain relief. Demand for this procedure is
expected to increase with the increasing age of the popula-
tion and is expected to reach 1.5 million procedures in 2020
[40]. Since osteoarthritis is more common in women it is
understandable that women undergo more total knee
arthroplasties than men. However, it has been shown that
women underutilize total knee arthroplasty, more than men
[41, 42••]. Women have also demonstrated lower functional
scores before surgery [43, 44] and more advanced disease at
the time of surgery [45]. Lower functional scores may result
from more advanced disease, increased pain and muscle
atrophy, and impaired quadriceps function.

Despite the increased burden of osteoarthritis in women,
disparities continue to exist. The idea of gender difference in
healthcare and disease treatment and prevention is not new.
Women are less likely to receive dialysis, or undergo cardiac
catheterization, or renal transplant compared with male
counter parts [46]. Likewise, there are also disparities in
the management of arthritis. Even though women have a
higher prevalence of osteoarthritis in the knee, with worse
symptoms, and more disability, they are less likely to un-
dergo total knee arthroplasty.

Unconscious bias on the part of the physician has been
shown to play a role in the recommendation for total knee
arthroplasty. Borkhoff et al. presented standardized male and
female patients with moderate arthritis to both family physi-
cians and orthopedic surgeons for recommendations regarding
whether or not the patient needed joint replacement. In this
study 42 % of physicians suggested total knee arthroplasty to
their male patients but not female patients. Eight percent of
physicians suggested total knee arthroplasty for female pa-
tients but not male patients [1]. When separated into physician
type, the odds of an orthopedic surgeon recommending total
knee arthroplasty to a male patient was 22 times that of the
female patient [1, 12, 46]. To improve the equality and care of
the female patient with osteoarthritis of the knee, physicians
need to be aware of their subconscious bias with regards to the
treatment of knee osteoarthritis in men and women.

The reasons for bias in the recommendation for total knee
arthroplasty in women is likely multifactorial. First, there
may be a perception that women’s symptoms are an exag-
geration. Some physicians may attribute part of their pa-
tients’ complaints to being “emotional” or overly dramatic
[1]. Second, physicians may believe that their female

patients do not do as well functionally with surgery as their
male counterparts [9, 41]. Studies have shown women do
have the same amount of functional gains postoperatively as
men; however, they are starting with more disability preop-
eratively [9, 46–48]. Third, it is a popular belief that women
have more complications postoperatively than men. How-
ever, it has been shown that men have a higher risk of
revision surgery [42••].

The female patient and her perception of surgery, disabil-
ity, and outcome may also contribute to the disparity of total
knee arthroplasty in women. Women’s perception of the
benefits of surgery, lack of personal experience with surger-
y, and trust in the outcome may play a role in seeking care
[29, 42••]. Women have been also shown to be more con-
cern than men about anesthesia, pain, and recovery [42••,
48, 49]. In addition, women may be more willing to forgo
surgery and accept disability and less willing to accept the
risks of surgery and any disruption in their care giving
responsibilities [42••, 50].

Future directions

Future goals should include more high quality studies that
are sufficiently powered to examine gender differences in
knee osteoarthritis. Despite being a majority of the popula-
tion, women’s representation in scientific research on wom-
en still lags behind that of men’s [42••, 51, 52]. The reasons
for this are varied: inequality in recruitment, women exclud-
ed because of pregnancy, and willingness to participate.
Ramasubbu et al. reported only 24.6 % of clinical trials
participants in studies published in the New England Journal
of Medicine were women [51]. In addition, gender-specific
analysis was available in only 14 % of the aforementioned
trials [51]. Ultimately, drugs and devices approved for the
entire population may have no effect, and even a detrimental
effect, on the female population. In 2005, research showed
that 80 % of drugs taken off the market were due to side
effects that affected women, not studied in initial drug trials
[42••, 52]. Future studies should include gender evaluation
to help prevent adverse reactions and recalls of drugs and
devices that may affect males and females differently.

Conclusion

Knee osteoarthritis is an important topic because it affects
the quality of life of millions of people. How osteoarthritis is
manifested and its impact on patients is varied. Women
typically present with more advanced stages and more dis-
ability than men. The reasons for this are multifactorial but
may be related to less cartilage volume and greater cartilage
wear, overall differences in mechanical alignment, and other
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gender and social factors. Likewise, the treatment of osteo-
arthritis is varied. Women tend to seek out and utilized more
strategies that incorporate mind and body. However, despite
starting with more preoperative pain and disability, women
benefit from total joint arthroplasty as much as their male
counterparts. Educating physicians and patients on the ben-
efits of treatment options, including arthroplasty, is the key
to unlocking the issues of disparity in care in the treatment
of knee osteoarthritis in women.
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