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ABSTRACT

Highly prevalent among the elderly, hip

osteoarthritis (OA) carries a heavy burden of

disease. Guidelines for the management of hip

OA are often extrapolated from knee OA

research, despite clear differences in the

etiopathogenesis and response to treatments of

OA at these sites. We propose that hip OA

requires specific attention separate from other

OA phenotypes. Our understanding of the

etiopathogenesis of hip OA has seen

significant advance over the last 15 years,

since Ganz and colleagues proposed

femoroacetabular impingement (FAI) as an

important etiological factor. This narrative

review summarizes the current understanding

of the etiopathogenesis of hip OA and identifies

areas requiring further research. Therapeutic

approaches for hip OA are considered in light

of the condition’s etiopathogenesis. The

evidence for currently adopted management

strategies is considered, especially those

approaches that may have disease-modifying

potential. We propose that shifting the focus of

hip OA research and public health intervention

to primary prevention and early detection may

greatly improve the current management

paradigm.
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INTRODUCTION

Hip osteoarthritis (OA) is among the most

prevalent and disabling conditions affecting the

elderly. There is an estimated 25% lifetime risk of

symptomatic hipOA in peoplewho live to age 85

[1], and almost 10% lifetime risk of undergoing a

total hip replacement for end-stage OA [2].

However research on hip OA has generally

languished behind knee OA-specific research,

possibly owing to the even higher prevalence of
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knee OA [3] and the greater ease with which the

knee joint can be imaged [4] and accessed for

clinical interventions. Clinical guidelines often

combine hip and knee OA [5–7], at times

extrapolating from knee OA research to make

recommendations for the management of hip

OA. This is despite the growing consensus that

OA is not a single disease affecting the joints, but

rather a number of distinct conditions, eachwith

unique etiological factors and possible

treatments, which share a common final

pathway [8–10]. This review will focus on the

joint-specific etiopathogenesis of hip OA and its

implications for futuremanagement approaches.

Perhaps the greatest potential for improved

management lies in shifting the management

paradigm from palliation of end-stage disease, to

instead focus on the earliest stages of the

condition’s pathogenesis.

METHODS

For this narrative review, Medline was searched

using various combinations of terms pertinent to

the topic, including ‘‘hip osteoarthritis’’,

‘‘etiology’’, ‘‘femoroacetabular impingement’’,

‘‘pathogenesis’’, ‘‘risk factors’’, ‘‘epidemiology’’,

and ‘‘management’’. Key articles of importance

were selected through this process as well as from

the authors’ prior knowledge of the literature; the

reference lists of these key articles were also used

to select additional references of relevance for our

review. This article is based on previously

conducted studies and does not involve any new

studies ofhumanor animal subjects performedby

any of the authors.

DIAGNOSIS OF HIP OA

The American College of Rheumatology have

established criteria that are commonly used for

the diagnosis of hip OA in clinical practice

(Table 1) [11]. It is often possible to diagnose

hip OA on the basis of clinical presentation

alone, although radiographic investigation can

be useful to confirm the diagnosis and to

monitor disease progression.

The most common system for measuring

radiographic OA severity is the Kellgren and

Lawrence (K&L) grade, which uses a five-point

scale between 0 and 4, with grades of 2 and

higher indicating radiographic OA [12]. Higher

K&L grades demonstrate increased joint space

narrowing, increased osteophyte involvement,

and subchondral sclerosis. Symptomatic disease

progression can also be monitored with

patient-reported outcomes such as the Oxford

Hip Score. There is substantial discord between

symptoms and radiographic findings; a high

proportion of those with radiographic features

of hip OA are asymptomatic, and a similarly

high proportion of those with symptoms

suggestive of hip OA lack radiographic

evidence [13]. Consideration of both clinical

and radiographic severity is relevant to direct

clinical management.

PREVALENCE OF HIP OA

The age-standardized prevalence of

symptomatic radiographic hip OA has varied

from 1% to 10% in large population-based

prevalence surveys [14–18]. These marked

differences in prevalence can be attributed to

differences in risk factor profiles between the

populations sampled. The two largest

USA-based prevalence surveys, the Johnston

County Osteoarthritis Project [18] and

Framingham Osteoarthritis Study [16], found

prevalence rates of 10% and 4.2%, respectively.

The higher prevalence in the Johnston County

Project is likely due to this rural population
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containing a much higher proportion of

farmers and African Americans, both of which

are independent risk factors for hip OA [18]. In

contrast, the Framingham Osteoarthritis Study

included an urban, mostly Caucasian

population. The prevalence of hip OA was 1%

in the Beijing Osteoarthritis Study, reflecting

greatly reduced risk of hip OA in Asian

ethnicities [14]. It is worth noting that the

prevalence of hip OA in each of these studies is

much higher when hip OA is defined using

either radiographic or symptomatic criteria in

isolation [14–18].

PATHOGENESIS OF EARLY OA

Although this review is written on the premise

that hip OA has a unique etiology and

epidemiology requiring specific attention, it is

instructive to consider the elements common to

the pathogenesis of all OA-affected joints.

Physiological biomechanical loading has long

been recognized as necessary for joint tissue

homeostasis [19, 20]. However in joints

undergoing osteoarthritic change, pathological

biomechanical stress disrupts the homeostatic

equilibrium between joint tissue synthesis and

degradation, eventually resulting in end-stage

OA [21]. Pathological biomechanical stress is

caused by the presence of risk factors both at the

joint and person levels, and plays a central role

in initiating and driving the pathogenesis of OA

[22–24]. Particular biomechanical patterns have

been implicated in this process. Repetitive shear

stress at the articular surface has been associated

with cellular and molecular changes involved in

the pathogenesis of OA, including decreased

expression of type II collagen and proteoglycans

in articular cartilage, increased release of

pro-inflammatory mediators, and increased

apoptotic cellular changes [22].

The cellular and molecular changes that

accompany altered biomechanical loading in

the pathogenesis of early OA are the subject of a

large body of research. The osteochondral

junction, a region encompassing the

subchondral bone and articular cartilage, has

been heavily implicated. The subchondral bone

and articular cartilage act as a single functional

unit, responding in a coordinated fashion to

altered biomechanical loading [25–27]. In

response to altered joint biomechanics,

subchondral bone remodelling with

accelerated levels of subchondral bone

turnover occurs. This manifests as increased

porosity and thinning of the subchondral bone

plate and trabecular bone. Simultaneously,

cartilage microdamage occurs in the form of

microcracks, which span the thickness of the

non-calcified, tidemark and calcified cartilage

regions and subchondral bone. These

microcracks facilitate increased vascularization

Table 1 American College of Rheumatology criteria for the diagnosis of hip osteoarthritis [11]

Clinical criteria A Clinical criteria B Clinical plus radiographic criteria

Hip pain; AND

Hip internal rotation

\15�; AND

ESR B45 mm/h or hip

flexion B115� if ESR
unavailable

Hip pain; AND

Pain with internal hip rotation; AND

Morning stiffness of hip B60 min; AND

Over 50 years of age

Hip pain; AND any 2 of the following:

ESR\20 mm/h

Radiographic femoral and/or acetabular

osteophytes

Radiographic joint space narrowing

ESR erythrocyte sedimentation rate
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and the bidirectional passage of important

cytokines and growth factors throughout the

osteochondral junction, thus connecting the

cartilage and subchondral bone biochemically

as well as mechanically [25–27]. The precise

signalling molecules involved in the

biochemical cross talk between articular

cartilage and subchondral bone have not yet

been fully elucidated. It is hypothesized that

stressed articular cartilage releases

pro-inflammatory cytokines and

osteoclast-stimulating molecules that reach the

subchondral bone to affect subchondral bone

remodelling [25, 28]. Likewise,

pro-inflammatory signalling molecules released

by osteoblasts in subchondral bone are thought

to reach articular cartilage where they promote

cartilage breakdown [25, 29]. Synovitis with

lymphocytic infiltration has also been identified

in early-stage OA [30], underlining the

whole-joint nature of the disease’s

pathogenesis even in its earliest stages.

Increased understanding of the pathogenesis

of early OA is important, as the potential for

arresting disease course before extensive joint

damage has occurred is likely greater at this

stage.

ETIOLOGY AND RISK FACTORS
FOR HIP OA

Risk factors for hip OA can be split into those at

the joint level and those at the whole person

level, with the caveat that these two categories

of risk factors do not exist independently of one

another. Rather, joint level risk factors may be

considered the etiological basis for the

development of hip OA, whereas whole person

level risk factors contribute to the development

of hip OA indirectly, by increasing susceptibility

to joint level risk factors (Fig. 1).

Joint Level Risk Factors

Joint Morphology

In hip OA, the most significant factor that has

emerged as responsible for the onset of the

cascade described above is the presence of

abnormal hip joint morphology, be it subtle or

obvious, which is believed to lead to

pathological loading patterns that produce

shear stresses on the hip joint over time [31].

Although obvious hip joint deformity such as in

severe developmental dysplasia of the hip

(DDH) has long been recognized as a cause of

early-onset secondary hip OA [32–34], it was

originally thought that the majority of hip OA

was idiopathic [35]. Some decades ago it was

first proposed that almost all hip OA is

secondary to subtle forms of joint deformity

[36]; however, it is only in the last 15 years that

this idea has gained traction [37, 38]. It has been

proposed that joint morphology abnormalities

exist on a continuous spectrum, with worse

abnormalities such as in severe

femoroacetabular impingement (FAI) or DDH

associated with high risk of early OA onset, and

more subtle morphological abnormalities

associated with late-onset, so-called primary

OA [31].

Developmental Dysplasia of the Hip

A shallow and oftentimes maloriented

acetabulum causes decreased femoroacetabular

contact surface area in DDH. This results in the

distribution of shear forces anterosuperiorly in

the hip joint onto the acetabular rim (Fig. 2)

[39]. Over time these forces cause degeneration

of the acetabular labrum anterosuperiorly and

degeneration of the articular cartilage via its

response to shear stress described earlier.

Eventually whole joint failure occurs with the

onset of hip OA [40]; in severe dysplasia this
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tends to occur earlier in life [33], but in milder

dysplasia can occur much later [41]. Surgical

strategies to restore normal joint loading

patterns have been developed, involving pelvic

osteotomy to reorient the acetabulum to reduce

pathological force distribution patterns, thus

Fig. 1 Risk factors for hip osteoarthritis

Fig. 2 Developmental dysplasia of the hip (DDH). The
femoral head is less stable within the shallow acetabulum
(image on left), causing the distribution of shear forces that

damage the articular cartilage and predispose to labral tears
(image on right) [31] (reprinted by permission from
Macmillan Publishers Ltd)
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preventing or at least substantially delaying the

onset of hip OA [42].

Femoroacetabular Impingement (FAI)

FAI is likely a more prevalent underlying cause

for the development of hip OA. Ganz and

colleagues described two different

morphological patterns of FAI: cam and pincer

FAI [38]. In cam FAI, the predominant

morphological abnormality is a thickened,

aspherical femoral head–neck junction (Fig. 3).

When the hip joint is flexed, the cam lesion on

the proximal femur abuts against the

anterosuperior labrum of the hip, compressing

it and pushing it outwards. Meanwhile the

acetabular cartilage is compressed and pushed

inwards by the shearing force exerted by the

cam lesion. The overall effect is separation of

the acetabular cartilage from the labrum and

delamination of acetabular cartilage from the

subchondral bone [43]. In pincer FAI, there is a

deepened acetabulum, with acetabular over

coverage of the femoral head. As a result the

femoral neck abuts against the acetabular

labrum, exerting compressive forces that result

first in damage of the labrum and eventually the

underlying cartilage (Fig. 4) in a thin

circumferential band around the acetabular

rim [38, 43, 44]. Because the most common

movement of the hip joint is flexion, a

preponderance of the labral lesions are still

found anterosuperiorly with pincer FAI, as with

cam FAI. However with pincer FAI, lesions are

also commonly found posteroinferiorly on the

acetabular rim [43]. These lesions are believed to

occur as a result of continued flexion of the hip

joint after the femoral neck is already abutting

against the anterosuperior acetabular rim,

causing the femoral head to sublux

posteriorly, thus producing a so-called

contre-coup lesion in the femoral head and

posterioinferior acetabulum [37, 43]. Although

two distinct pathomechanisms for FAI exist, the

reality is that in most cases a combination of

both types of impingement are present [45].

Estimates for the prevalence of FAI

morphology in the general population have

varied wildly owing to significant heterogeneity

in the definition of FAI morphology used and in

the populations sampled [47, 48]. The estimated

prevalence of cam morphology has varied

between 10% and 25% of the population

[49, 50]. A systematic review found that

radiographic evidence of pincer-type

morphology is present in almost two–thirds of

the population [48], although this figure is

likely inflated because of the poor reliability

and specificity of many of the radiographic

signs considered suggestive of pincer

morphology [51]. Other disorders arising as

Fig. 3 Cam impingement. The cam lesion abuts against
the labrum, pushing it outwards and compressing the
acetabular cartilage inwards. The labrum separates from

the cartilage and the acetabular cartilage delaminates from
the bone [46] (reproduced with permission from Springer)

1926 Adv Ther (2016) 33:1921–1946



developmental abnormalities of the hip,

including slipped capital femoral epiphysis

and Legg–Calvé–Perthes disease are also

associated with FAI morphology, although

these make up only a small minority of hips

with FAI [52]. The proportion of the population

with symptomatic FAI is only a fraction of those

with FAI morphology, and an important but

not yet well-understood area of research lies in

determining the cause of onset of symptoms in

some with FAI morphology but not others. It is

widely recognized that symptomatic FAI occurs

most commonly in young, active people, with

particularly increased prevalence rates in

athletes [53]. Symptoms most commonly

include insidious onset of groin or buttock

pain exacerbated by physical activity,

oftentimes combined with loss of terminal hip

range of motion [54]. Although osseous

abnormalities underlie FAI morphology,

symptomatic FAI is postulated to arise as a

result of labral and/or chondral injury occurring

secondarily to bony impingement [53].

The poor predictive value of FAI morphology

for symptomatic disease [55, 56] is likely in part

related to the inadequacy of the imaging

parameters used to diagnose FAI morphology.

Each FAI parameter is measured on a

two-dimensional planar image, and is usually

considered in isolation from other FAI-relevant

parameters, an approach that fails to accurately

reflect the dynamic interaction between the

proximal femur and acetabulum. For instance, a

femoral head classified as having cam

morphology on account of an alpha angle

greater than 55� (Fig. 5a) in reality may not

suffer any functional impingement due to the

relatively shallow acetabulum with which it is

interacting [57]. Likewise, an acetabulum

considered to exhibit pincer morphology on

account of an increased lateral center edge

angle (Fig. 5b) may not experience true

impingement if it occurs in conjunction with

a spherical femoral head and a suitably

anteverted acetabulum. True FAI is a dynamic,

three-dimensional condition affected by the

complex relationship between various

anatomical parameters. Anatomical parameters

implicated in FAI morphology have included

the alpha and lateral center edge angles [58], the

extent of acetabular retroversion [59] and

femoral anteversion [60], and the femoral neck

Fig. 4 Pincer impingement. Owing to acetabular
over-coverage, the femoral neck abuts against the hip
labrum, damaging the labrum and eventually the
underlying cartilage. A contre-coup lesion can also occur,
where continued flexion of the hip, after the femoral neck

is already abutting against the acetabular rim, causes subtle
joint subluxation and damage to the acetabular cartilage.
The labrum separates from the cartilage and the acetabular
cartilage delaminates from the bone [46] (reproduced with
permission from Springer)
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shaft angle [61]. Bouma and colleagues have

attempted to develop a model that uses CT and

motion simulation software to integrate these

parameters, with the aim of producing a single,

comprehensive measure of FAI morphology

[62]. This approach is still in its infancy and

requires further study to refine developed

models and establish their clinical relevance.

However the notion of a more comprehensive

and functionally accurate measure of FAI

morphology holds promise for improving the

accuracy of FAI diagnosis and prediction of hip

OA risk for screening purposes.

There is growing evidence that FAI is an

important cause of hip OA. Numerous studies

have demonstrated an association between the

presence of FAI morphology and cartilage

damage [38, 43, 44, 63, 64, 65, 66, 67, 68]. For

example, a study in which 244 asymptomatic

young males underwent MRI found that the 67

participants with cam lesions had increased

occurrence of labral lesions, impingement pits,

and labral deformities [64]. Zeng and colleagues

investigated the association between hip

morphology and hip OA by comparing the 3D

CT reconstruction of 186 normal hips to those

of 132 hips with mild–moderate hip OA.

Participants with OA demonstrated more

features consistent with impingement

morphology: less spherical femoral heads, less

concavity of the femoral head–neck junction,

less acetabular and femoral neck anteversion,

and greater acetabular coverage [68]. Studies

using delayed gadolinium-enhanced MRI of

cartilage (dGEMRIC), a technique used to

quantify the glycosaminoglycan (GAG)

content of cartilage and thus detect GAG loss

that is associated with the early onset of OA

[69, 70], have demonstrated that people with

FAI are more likely to have damaged cartilage

suggestive of early OA [44, 71], and the extent

of this damage correlates with severity of cam

deformity [72]. In recent years active shape

modelling of hips has been shown to predict

future risk of hip OA, with various FAI-type

morphologies being shown to correlate with

increased hip OA incidence [73, 74]. However

the fact that severe morphological

Fig. 5 Diagnosis of FAI morphology. The a alpha angle
and b lateral center edge angle are two of the imaging
parameters commonly used to classify FAI morphology.
The alpha angle (a), shown here on a modified Dunn
X-ray view, is the angle formed by the femoral neck axis
and a line connecting the center of the femoral head to the
point at which the head–neck contour becomes aspherical.

Greater than 50� or 55� is often considered suggestive of
cam morphology. The lateral center edge angle (b),
measured on an AP pelvic X-ray, is the angle formed by
a vertical line connecting the center of the femoral head
with the lateral edge of the acetabulum. Greater than 40� is
often considered suggestive of pincer morphology
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abnormalities do not always bring about hip OA

[33, 75, 76] suggests that there are more

variables at play in the etiology of hip OA

than joint morphology alone.

Periarticular Musculature of the Hip Joint

The importance of the periarticular musculature

for shock absorption has been recognized as a

characteristic common to many joints [9]. The

deep stabilizing muscles of the hip likely play a

role in absorbing shock and protecting the joint

from aberrant movement patterns, although

there is a paucity of research in this area.

Physiotherapy-led rehabilitation for FAI has

the strengthening and conditioning of the

periarticular hip musculature as its

cornerstone. Specifically, it aims to improve

control of the femoral head by strengthening

the deep stabilizing hip muscles, particularly

the deep hip abductors and external rotators, so

as to reduce impingement that occurs when the

hip moves into the commonly exacerbating

position of combined flexion, internal rotation,

and adduction [77–79]. A recent review on the

limited body of research on physiotherapy-led

management of FAI suggested that it confers

symptomatic benefit, although further study is

needed comparing its efficacy to other

treatment modalities such as hip arthroscopy

[80]. It seems highly plausible that muscular

dysfunction of the deep hip stabilizers plays a

role in pathological hip joint biomechanics. In

knee OA, an analogous relationship with

quadriceps strength is well recognized [81–83].

The possible role of muscular dysfunction in

biomechanical insult at the hip joint is yet to be

rigorously studied. Three studies examining hip

muscle weakness in symptomatic FAI found hip

abductor weakness [84–86]; two also reported

hip flexion weakness [84, 86], and weakness in

other directions of movement was identified in

isolated studies. Biomechanical gait analysis

found abnormally high levels of muscular

co-contraction in FAI-affected hips compared

to matched controls [87]. A systematic review of

muscle weakness in hip OA [88] found eight

cross-sectional studies examining muscle

strength, all of which reported an association

of hip and lower limb weakness with hip OA.

Weakness was commonly found in hip and

knee flexion and extension, as well as in hip

abduction and adduction. Muscle weakness

associated with FAI and hip OA could be due

to a variety of different factors, including pain

inhibition, muscle disuse atrophy, or aberrant

joint mechanics. The role of the deep hip

stabilizers in aberrant joint mechanics,

possibly leading to the onset of FAI and

subsequent hip OA, warrants further study.

Moreover, targeted research into the specific

muscular changes associated with successful

physiotherapy treatment for FAI is required to

better understand the role the periarticular

muscles play in the etiology of hip OA.

Joint Injury and Labral Tears

A well-established risk factor for OA is joint

injury, the archetypal example being anterior

cruciate ligament rupture of the knee, which

substantially increases risk of knee osteoarthritis

in the years following injury [89]. In the hip, a

common form of joint injury is an acetabular

labral tear, which warrants further study as a

possible contributing factor to the development

of hip OA. Acetabular labral tears are very

common, estimated to be present in 66% of

people with mechanical hip pain [90] and

roughly 39% of the asymptomatic population

[91], with increasing age an important risk

factor. The etiology of such tears can be an

acute traumatic event, degenerative change of

insidious onset such as is often caused by

chronic impingement, idiopathic or

occasionally congenital [92]. There is a strong
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association between abnormal osseous

morphology and the presence of symptomatic

labral tears [38, 43, 44]. However case series

have found that 13% to 30% of patients

undergoing surgery for repair of symptomatic

labral tears had no sign of abnormal osseous

morphology [93, 94], suggesting that FAI and

dysplasia are not the only cause of symptomatic

acetabular labral tears. Acute traumatic events

have been identified as the cause of

symptomatic labral tears in approximately

20% of cases [92–94], oftentimes

accompanying sudden twisting motions [95];

however, it is likely that occult traumatic events

lead to more cases. The acetabular labrum has

important and under-recognized anatomical

functions in the hip [96]. Cadaveric studies

have found that the labrum increases the

articular surface area of the acetabulum by

22% and contributes up to 33% of the hip

joint’s volume [97, 98]. An intact labrum is

believed to provide a suction seal that

contributes to the stability of the hip joint, as

well as distributing pressure more evenly

between the femur and acetabulum, while

maintaining synovial fluid important for

lubrication within the joint space [99, 100].

Conversely, tears are believed to reduce the

capacity of the labrum to perform these

important functions, resulting in reduced hip

joint stability and suboptimal femoroacetabular

pressure distribution [100].

The extent of labral damage has been

shown intraoperatively and on magnetic

resonance arthrography (MRA) to correlate

both with the amount of chondral damage

and the extent of bone marrow lesions in

people with symptomatic labral tears

[90, 101, 102]. Since chondral damage and

bone marrow lesions are two characteristic

features of hip OA, it may be inferred that

labral tears are intimately related to the OA

process in the hip. It is likely that labral and

chondral damage often occur simultaneously

as a result of the same traumatic event or

because of exposure to the same bony

impingement pattern over time. There is also

the possibility that in some cases the

occurrence of a labral tear itself, for instance

via trauma to the hip joint, could be the

initial event that alters the biomechanical

environment of the joint and contributes to

the onset of joint damage that leads to hip OA

[90, 101]. Isolated labral tears are much more

prevalent in younger people, while labral tears

accompanying chondral damage tend to occur

later in life, lending support to the notion

that labral tears may precede chondral

damage in many cases, possibility

contributing to its onset [102]. In many

cases both of these scenarios may even

occur, with bony impingement causing labral

damage; the labral damage itself subsequently

worsens the hip’s biomechanical function,

with a positive feedback cycle thus being

created that leads to accelerated development

of hip OA. The pathophysiology of labral tears

and their relationship with hip OA is

incompletely understood and warrants

further study.

Whole Person Level Risk Factors

Whole person level risk factors can be

understood as influencing risk of hip OA

development through the effect they exert on

joint level risk factors.

Age

The very strong relationship between OA and

age is well-recognized in all joints [103],

including the hip. In the Johnston County

Project only 5.9% of people in the 45–54 age

group suffered from symptomatic hip OA;

1930 Adv Ther (2016) 33:1921–1946



however, in people over 75 this figure increased

to 17% [18]. Age-related biological changes such

as cellular senescence have been observed in

articular cartilage, with chondrocytes

undergoing changes such as telomere

shortening [104]. Declining chondrocyte

density has also been demonstrated [105],

resulting in decreased extracellular matrix

synthesis and production of smaller, more

irregular proteoglycans [106]. Similar change

occurs in other joint tissues such as bone and

ligaments as part of the ageing process. The

gradual onset of sarcopenia and frailty with

ageing have a complex flow on effects that can

place biomechanical stress on the hip joint and

may predispose to joint damage [107]. In the

context of a joint under mild biomechanical

stress due to subtle morphological

abnormalities or poor periarticular muscular

support, these age-related changes are more

likely to disrupt the equilibrium between joint

tissue synthesis and degradation.

Sex

Overall the relationship between sex and hip

OA is unclear; if a relationship does exist it

seems it is weaker at the hip compared to other

joints, where female sex is often considered a

risk factor. A large meta-analysis considering

more than 14,000 people suggested there was

no difference in hip OA prevalence or severity

between men and women [108].

Counter-intuitively, the same meta-analysis

found an increased incidence of hip OA in

females, although there were only two such

studies used for pooling in this meta-analysis

because studies looking at OA incidence are less

common. The Framingham Osteoarthritis Study

found a higher prevalence of radiographic hip

OA in men compared to women, but no

significant difference in symptomatic hip OA

risk [16].

Weight

The best available evidence suggests that

increased BMI is associated with increased risk

of hip OA, although this relationship is less

marked than the strong correlation between

BMI and knee OA [109, 110]. A large

meta-analysis [109] found that a dose–response

relationship exists between BMI and risk of hip

OA, with each five-unit increase in BMI

associated with an 11% increased risk of hip

OA. The association was consistent across both

sexes, cohort and cross-sectional studies, and

across all definitions of OA used. In previous

studies, the evidence found linking hip OA and

weight has been inconsistent [111], possibly

because of population differences combined

with the relative weakness of the effect of

obesity on hip OA risk compared to knee OA.

Two mechanisms are proposed to link hip

OA and increased BMI. Firstly, increased body

weight increases biomechanical loading at the

hip joint and thus leads to larger joint stresses,

particularly in the presence of any joint level

risk factors [109, 112]. Secondly, a metabolic

theory has been proposed, whereby systemic

pro-inflammatory factors associated with

obesity act on joints to increase risk of OA

[113]. This is supported by the association

between obesity and hand OA [114], despite

the hand not being a weight-bearing joint.

Genetics

Genetic factors are very important in hip OA;

twin studies have suggested that genetic factors

contribute approximately 60% of hip OA risk

[115]. Familial clustering of hip OA has been

observed, with increased relative risk of total

hip arthroplasty (THA) demonstrated for first-,

second-, and third-degree relatives of people

who had undergone THA [116]. Genome-wide

association studies have identified several

candidate genes for hip OA, although many of
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these have not been found to be reproducible

across studies [117]. Tellingly, the majority of

genes identified as most likely to increase risk of

hip OA thus far are genes associated with

synovial joint development, which supports

the notion of congenital/developmental hip

joint deformity being paramount in hip OA

development [31]. Sandell proposed a model

(Fig. 6) that ties the continuous spectrum of

morphological abnormalities in the hip joint to

genes implicated in the development of hip OA

[31]. In future studies further elucidation of the

exact genes and mutations involved in hip OA

is necessary to enable the possibility of

screening and calculation of hip OA risk prior

to disease onset.

Ethnicity

Great variation in the prevalence of hip OA has

been noted between races. Most notably, the

Beijing Osteoarthritis Study found hip OA to be

80% to 90% less prevalent in the Chinese

population compared to Caucasian

populations in the USA [14], a finding

replicated in other studies [118, 119]. This

may be explained by differences in hip

morphology between the two races, with

substantially higher rates of femoral head

asphericity and pincer impingement

morphometry having been found in white

women compared to Chinese women [120].

Another likely contributing factor is genetic

differences between the races, many of which

are probably expressed in hip morphology.

Occupation

It has been suggested that increased levels of

high-impact physical activity, via occupational

exposure or long-term participation in

high-impact sports, may predispose to the

development of hip OA. The underlying

mechanism may be similar to that of obesity,

with high-impact joint loading causing

biomechanical stress to the joint, especially in

a hip that is already predisposed via

morphological abnormality or suboptimal

periarticular muscular support.

Epidemiological evidence has suggested that

occupations involving heavy manual work

have increased risk of developing hip OA

[121, 122]. In particular, farmers are at

increased risk, with those who have farmed for

more than 10 years at more than three times

relative risk compared to the general population

[121]. The exact patterns of movement or

activities responsible for the increased risk are

unknown, although heavy lifting may play a

significant role.

It has been proposed that athletes

participating in high-impact sports are

Fig. 6 The genes responsible for the development of OA
have been proposed to exist on a continuum related to
joint morphology. Some defective genes are expressed in
markedly abnormal joint morphology, such as in some
chondrodysplasias, causing early-onset OA. Other more

common genetic defects are expressed in subtle
morphological aberrations that cause late-onset OA,
previously considered primary OA [31] (reprinted with
permission from Macmillan Publishers Ltd)
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predisposed to developing hip OA. This is

difficult to assess because of the confounding

factor of higher rates of traumatic joint injury in

athletes owing to their sports participation, as

well as great heterogeneity between studies

related to this topic [123, 124]. Two

mechanisms may predispose athletes to

increased risk: firstly, increased high-impact

joint loading as described for heavy manual

workers; secondly, increased prevalence of cam

morphology which may be caused by high

levels of physical activity during a critical

period during adolescence while osseous

development is still occurring [125]. Several

studies have found increased prevalence of FAI

morphology amongst professional athletes in

high-impact sports such as basketball, ice

hockey, and football [126–128], as well as

increased prevalence of symptomatic FAI [54].

Although long-term participation in

high-impact sport or heavy-duty manual labor

may predispose to hip OA, it is important to

note that there is no solid epidemiological

evidence to support the misperception that

exercise or physical activity has a deleterious

effect on risk of hip OA in the general

population.

Diet

It has been suggested that dietary factors may be

important in affecting OA risk [129], although

strong evidence to support this is lacking.

Several vitamins and minerals have been

suggested as potentially important, some of

the most commonly implicated being vitamins

D, K, and C. Vitamin D was thought to be

relevant to OA risk on account of its role in

bone mineralization. A recent meta-analysis

found no association between serum vitamin

D levels and prevalence or incidence of hip,

knee, or hand OA [130], despite early studies on

vitamin D and OA suggesting a possible

relationship [131, 132]. Low vitamin K has

been associated with knee and hand OA in a

small number of studies [133–135]; however,

supplementation with vitamin K has not

demonstrated any effect on disease progression

[136]. Vitamin C and various other antioxidants

have also been investigated for a possible

association with OA but results have been

inconclusive [137–139]. At present there is a

lack of high-quality evidence relating hip OA to

dietary factors.

MANAGEMENT

Unfortunately the management of hip OA

remains reactionary and palliative.

Management begins after the onset of

symptoms, by which point the disease is

usually well established and significant joint

damage has already been incurred. The focus is

on symptom management, which is usually

only moderately effective. Disease-modifying

interventions, although the subject of a great

deal of research, have thus far remained elusive

in hip OA. Eventually joint amputation occurs

in the form of a total hip replacement (THR),

which although highly effective in relieving

symptoms, occurs at substantial cost and with

risk of morbidity. A shift to focus the efforts of

research and public health intervention on

primary prevention may hold the key to

enhancing the current model for the

management of hip OA.

Primary Prevention

Modifiable risk factors represent the lowest

hanging fruit in terms of OA prevention. A

problem with hip OA is that of the known risk

factors, few are easily modifiable. Body weight is

modifiable, and hence weight loss in

overweight or obese patients should be
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actively pursued to reduce the risk of disease

development and possibly delay disease

progression [5–7]. Patient education around

this issue is vital in the primary healthcare

setting. The role that periarticular muscular

factors play in the etiopathogenesis of hip OA

requires investigation. If well-designed studies

determine that the periarticular musculature

plays a sufficiently important role in hip joint

biomechanics to influence hip OA risk, this may

become a fertile field for physiotherapy-led

primary preventative measures.

In the last 15 years it has emerged that

possibly the most important risk factor for hip

OA development is abnormal hip joint

morphology, particularly in the form of FAI.

There is a large body of research activity being

conducted to identify the environmental

exposure/s that may trigger the development

of this shape abnormality. If this is found it may

enable restriction of this environmental

exposure through public health interventions.

Until the day when genetic editing is available

and the genes involved in hip OA are fully

understood, the only mechanism available for

alteration of joint morphology is surgical

intervention. Hip arthroscopy to alter joint

shape is an increasingly utilized procedure in

the treatment of symptomatic FAI [140];

however, clinical trials are still needed that

compare outcomes between hip arthroscopy

and conservative management to establish the

procedure’s efficacy [141]. In particular,

longitudinal clinical trials are needed to

determine the efficacy of surgical and

physiotherapy-based interventions for

modification of future hip OA risk. It is

important to note that joint-preserving surgery

should be pursued before the onset of hip OA or

early in the disease course, as emerging

evidence suggests these patients obtain much

greater benefit from the procedure than those

with advanced hip OA, for which THA is more

appropriate [142, 143]. The question of whether

asymptomatic FAI of sufficient morphological

severity warrants surgical intervention to reduce

future hip OA risk also requires investigation.

Current Management Approaches

Conservative Non-Pharmacological

Management

Rehabilitation for hip OA encompasses several

different aspects, including patient education,

weight management, land- and water-based

exercise, and strength training [144]. While

consistent evidence supports the efficacy of

these strategies in the management of knee

OA [145], the evidence in hip OA is far more

variable [144]. Weight loss is recommended for

people with hip OA who are overweight/obese;

however unlike knee OA, there is a paucity of

clinical trial evidence for weight loss in hip OA

[146]. A cohort study reported that a combined

dietary and exercise weight loss program

improved functional symptoms and reduced

pain [147]; however, much further study is

needed to establish the efficacy of weight loss

in hip OA conclusively.

Exercise therapy is widely recommended in

clinical guidelines for hip OA management

[5–7]. Overall there is evidence that exercise

offers small to moderate benefit in reducing

pain and improving function in hip OA

[146, 148, 149], although the strength of this

evidence is less than for knee OA [150]. Small

clinical trials have recently suggested exercise

therapy may postpone the need for THA [151]

and may reduce medical expenditure for people

with hip OA [152]. There are various activities

included under the banner of exercise therapy,

including strengthening, aerobic, and flexibility

activities, many of which can be carried out on

land or in the water. No particular activity type
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has been shown to produce superior results, and

thus it is recommended that exercise programs

be personalized to reflect the unique needs of

each patient [153].

Physiotherapy for hip OA usually includes

physiotherapist-led exercise therapies in

conjunction with manual therapy. The value

of physiotherapy in the management of hip OA

is a hotly contested issue, with recent evidence

suggesting it offers little benefit beyond what

could be expected from a self-guided exercise

program [149]. Systematic reviews on the topic

have reported no benefit from the use of

manual therapy in treating hip OA, nor any

additional benefit when manual therapy is

combined with an exercise program than is

obtained from exercise alone [154, 155]. A

recent clinical trial comparing

physiotherapy-led management to sham

therapy found no benefit of physiotherapy on

pain or function [156]. More high-quality

research is needed in this area, but the limited

evidence currently available does not establish

physiotherapy as effective in treating hip OA. A

novel strategy being investigated for a potential

role in modifying biomechanics to treat hip OA

is bracing, although this research is still very

much in its infancy [157–160].

Pharmacological Management

A myriad of different pharmacological

compounds have been produced with the aim

of treating OA, although few trials have focused

on hip OA specifically. Pharmacological

treatments include those administered

topically, orally, and by intra-articular

injection. Some treatments aim to relieve

symptoms alone, whereas others,

disease-modifying osteoarthritis drugs

(DMOADs), attempt to alter the course of

disease. DMOADs generally have shown

promise in preclinical trials but results have

proved disappointing in later phase trials, with

disease-modifying efficacy of any agent yet to

be convincingly established [161–163].

Historically DMOADs have aimed to inhibit

steps in the pathway of cartilage degradation or

stimulate steps in cartilage synthesis [164].

However as the understanding of the

pathogenesis of OA has progressed to become

less cartilage-centric, DMOADs targeting other

joint tissues such as synovium and bone have

been developed [162]. DMOADs have included,

among others, glucosamine sulfate, chondroitin

sulfate, doxycycline, bisphosphonates,

diacerein, matrix metalloprotease inhibitors

(MMPs), avocado soy bean unsaponifiables,

platelet-rich plasma (PRP) injections,

strontium ranelate, and sprifermin [163, 164].

Until recently, clinical guidelines have

recommended that symptom management in

OA begin with paracetamol [5, 7]. However

current large-scale meta-analyses have found

strong evidence that paracetamol confers a

clinically unimportant reduction in short-term

pain for hip and knee OA [165, 166]. In the near

future clinical guidelines will likely be adapted

to reflect the lack of efficacy of paracetamol for

hip and knee OA. NSAIDs have a

well-recognized role in the symptomatic relief

of OA and can be administered topically or

orally. A recent meta-analysis reported strong

evidence that diclofenac and etoricoxib are the

most efficacious NSAIDs for pain relief in hip

and knee OA, producing a moderate to large

effect size [166]. However because of the risk of

gastrointestinal and cardiovascular adverse

events associated with their use, clinical

guidelines recommend the use of NSAIDs for

hip OA be restricted to the lowest possible doses

and duration [5, 7]. Topical NSAIDs provide

local pain relief in hand and knee OA; however,

the depth of the hip joint renders it an

inappropriate target for topical NSAIDs [167]
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and hence there are no recommendations for

their use in hip OA [5, 7].

Duloxetine is a selective serotonin and

norepinephrine reuptake inhibitor (SNRI)

posited to inhibit pain via mechanisms acting

on the central nervous system. Although

untested in hip OA, phase III clinical trials

have reported reduced pain and improved

function associated with duloxetine use in

knee OA [168, 169]. Further study of the

efficacy of duloxetine for symptomatic

management of hip OA is warranted,

especially given its favorable safety profile

[170]. Where other management strategies are

unable to relieve symptoms sufficiently,

tramadol, a weak non-narcotic opioid, may be

considered for pain relief, although a drawback

is its side-effect profile [171]. Non-tramadol

opioids are not routinely recommended in hip

OA, as in most cases the burden of side effects

and possible adverse events outweighs

reductions in pain [172].

Intra-articular injection therapies for hip OA

are an area of increasing interest. The available

evidence suggests that intra-articular

corticosteroid injections (IASI) offer

symptomatic relief in hip OA. A recent

meta-analysis identified five clinical trials,

each with fewer than 100 participants,

examining the efficacy of IASI specifically in

hip OA [173]. With regards to pain reduction, it

reported a large effect size 1 week post-injection

and a moderate effect size after 8 weeks,

although treatment effect declined thereafter.

Guidelines currently recommend the use of IASI

as an adjunct to other treatments for pain relief

in hip OA [5, 7].

Hyaluronic acid (HA), a glycosaminoglycan

normally constituent in synovial fluid but

present in decreased concentrations in OA, is a

compound used in clinical practice for its

possible anti-inflammatory and analgesic

properties. The evidence for the efficacy of HA

is conflicting [174–177]. A challenge in

interpreting findings is the great heterogeneity

between studies with regard to the amount and

type of HA injected, the number of doses given,

and the length of follow-up [178]. Clinical

guidelines do not currently recommend HA

injections for hip or knee OA [5, 7].

There have been relatively few studies

investigating the use of platelet-rich plasma

(PRP) as an intra-articular injection therapy in

hip OA [179], and hence it is too early to

comment on its efficacy [180]. Two small

clinical trials have investigated PRP injections

for hip OA, in both cases comparing to HA;

one reported no difference between the two

treatments [181], while the other found PRP to

be more efficacious at 2- and 6-month

follow-up [182]. For each of these injection

therapies there is a great need for more

high-quality clinical trials to inform clinical

practice.

Surgical Management

More than 1 million people worldwide undergo

THA annually, over 90% of these because of

end-stage hip OA [183]. Although THA occurs at

substantial expense to individuals and the

healthcare economy, several cost–benefit

analyses have demonstrated that THA is a

highly cost-effective procedure for people with

hip OA not responding to conservative

management approaches [184]. At 10 years

post-THA more than 95% of implanted hips

are still functioning, and this figure remains

above 80% after 25 years [183, 185]. Following a

course of failed conservative therapy, research

suggests that patient outcomes are enhanced

when THA is undergone quickly rather than

waiting until the condition deteriorates further,

since poor function preoperatively is correlated

with worse postoperative function [183, 186].

1936 Adv Ther (2016) 33:1921–1946



Although THA is an effective management

approach for patients with hip OA who have

exhausted other options, the need for this

operation in the future will hopefully be

reduced by an early intervention,

disease-modifying approach to hip OA

management.

Hip resurfacing was developed as an

alternative to THA for younger, more active

patients in the interests of bone preservation to

enable easier revision surgery and reduce the

chance of dislocation. A systematic review

identified substantially higher rates of

revision and reoperation for hip resurfacing

compared to THA [187]. Current evidence

suggests hip resurfacing is a suitable option

only for carefully selected patients; usually

young, active male patients with primary OA

and a sufficiently large femoral head size

[188, 189].

Implications for Future Management

The symptomatic management of hip OA

remains an important area of research to

enhance quality of life for those suffering

from the disease. However disease-modifying

treatment represents the holy grail of OA

research. Although treatment modalities such

as DMOADs aim at disease modification, a

problem with their approach is that they are

not based on the condition’s joint-specific

etiopathogenesis. We know that OA is not a

single disease affecting several joints in the

body, but rather is a distinct condition at each

joint, with unique etiological factors and

responses to treatments. With this in mind,

it seems improbable that a single

pharmacological compound acting on all

joints will be a curative solution. In hip OA

it is becoming increasingly evident that

biomechanical factors are the primary driver

of the condition’s etiopathogenesis, and thus

treatments addressing these factors may offer

better chances of effecting a cure [9].

Of the currently employed treatment

strategies, physiotherapy seems the modality

most congruous with the goal of joint-specific,

biomechanically oriented management, yet

paradoxically it has not proven to be among

the more efficacious treatments. However

physiotherapy, and indeed any treatment

aiming at disease modification, faces an

uphill battle in treating already

well-established hip OA. By the time

treatment is begun, substantial joint injury

has already been incurred, likely worsening the

maladaptive biomechanical environment that

led to the development of OA in the first place.

Expecting any treatment modality to overcome

an already substantially damaged joint is

probably unrealistic.

CONCLUSION

Our hypothesis is that true inroads in reducing

the burden of hip OA are most likely to be seen

with an increased focus on risk factor

modification prior to or in the early stages of

the condition’s pathogenesis. It is important

that the risk factors identified in this review are

considered during the development of new

therapeutic approaches and public health

interventions for hip OA. Risk calculators

such as those that currently exist for heart

disease could be developed, incorporating

imaging and even genetic biomarkers to

enable stratification of people into varying

risk levels for appropriate monitoring and

management. With improved understanding

of the etiopathogenesis of hip OA, intervention

prior to or early in the disease course in a
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disease-modifying manner is likely to become

feasible in the future. The management of hip

OA has the potential to be an area of medicine

undergoing substantial advancement in the

decades to come.
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