Chapter 6
Osteoarthritis and Gender-Specific
Joint Replacement
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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
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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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