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Abstract
Purpose of review Femoroacetabular impingement is a common cause of hip pain in young patients and has been shown to
progress to osteoarthritis. The purpose of this review is to better understand the development of femoroacetabular impingement.
Recent findings Recent literature shows little genetic transmission of FAI. However, molecular studies show strong similarities
with the cartilage in osteoarthritis. The development of cam lesions has a strong association with sports participation, particularly
at the time of physeal closure suggesting abnormal development. Lumbar, pelvis, and femoral biomechanics may also play an
important role in dynamic impingement.
Summary In summary, femoroacetabular impingement is a dynamic process with many influences. Further research is needed to
clarify the pathophysiology of FAI development in hopes of finding preventative options to reduce symptoms and progression to
osteoarthritis.
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Introduction

The concept of femoroacetabular impingement (FAI) was
originally described as a femoral head-neck deformity and a
major cause of hip osteoarthritis [1, 2]. The abnormal contact
between the proximal femur and the acetabulum causes pro-
gressive chondrolabral injury potentially leading to osteoar-
thritis. Ganz proposed that this mechanical stress might be
from excessive osteochondral extension at the anterolateral
femoral neck, referred to as a cam lesion, or overcoverage of
the acetabulum called a pincer lesion (Figs. 1 and 2) [3–5].

Patients with FAI will often have considerable hip pain
causing functional limitations. There is also later concern of
the progression to severe osteoarthritis, but not all patients
with cam or pincer lesions are symptomatic [6]. With the

significant impact that FAI has on young patients and a
projected increased rate of total hip arthroplasty to 4 million
surgeries in the USA by 2030, it is important to better under-
stand the cause of deformity and the related symptoms in an
attempt to potentially prevent or alter the disease process [7].

Recent literature has focused on the underlying causes of
FAI with links to specific genes, familial inheritance, and en-
vironmental factors particularly sports participation. The pur-
pose of this review is to discuss the current theories and the
supporting evidence on the development of femoroacetabular
impingement.

Epidemiology

Femoroacetabular impingement is a common issue particular-
ly in young and active patients, but the true prevalence of cam
and pincer morphology is difficult to assess as it may or may
not be associated with symptoms. As well, different criteria
are frequently used to define FAI. A 2016 systematic review
of thirty studies found a prevalence of cam deformity between
5 and 75% of the population [8•]. Despite this wide range in
this case series and varying definitions of FAI, common find-
ings among these studies are that males are more likely to have
a higher alpha angle (Fig. 3), while females are more likely to
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have a higher lateral center-edge angle (Fig. 4). More recently,
a prospective longitudinal cohort of 2596 patients found 25%
of men and 10% of women had a cam lesion with an alpha
angle > 60° and pincer deformity with lateral center-edge an-
gle > 40° was present in 7% of men and 10% of women on AP
radiographs [9•]. This is likely an underestimation of the prev-
alence of cam deformities as only AP radiographs were used
to evaluate the alpha angle (Fig. 5).

Radiologic findings are common in the general population,
but it is important to understand how often it causes pain. In
the Netherlands, 17% of patients presenting to general
healthcare professionals with hip pain were diagnosed with
FAI [10]. Another population-based study of 20–49-year-old
subjects compared those with and without hip pain [11]. Of
the 500 study participants, 49% of subjects with hip pain and
44% of subjects without pain had cam and/or pincer morphol-
ogy. The major risk factor for having hip pain in this cohort
was an increase in level of physical activity measured by av-
erage energy expenditure.

To better understand the patients who are symptomatic, the
characteristics of a North American cohort including 1076
patients undergoing surgery for FAI were examined [12].
This group was 55% female and 45% male with an average
age of 28.4 years old and body mass index of 25.1. Cam
morphology was most common as the predominant deformity
at 47.6%. Combined cam and pincer lesions were the cause in
44.5% and sole pincer lesions in 7.9%. Over 90% of patients
had concomitant labral and articular cartilage injury (Fig. 6).

Genetics

Siblings of patients with symptomatic FAI had a 2.8 times
increased risk of having cam lesions with alpha angles >
62.5° compared to spouses [13]. Similarly, siblings of pa-
tients with pincer lesions were two times more likely to
have similar pathology. The parents of these FAI patients
were nearly twice as likely to have osteoarthritis or total

Fig. 1 Cam lesions, identified by
the arrows on the AP and frog leg
lateral radiographs, are
osteochondral extensions along
the femoral head-neck junction

Fig. 2 Pincer lesions, identified
by the arrows on the AP pelvis
radiograph, are over coverage of
the acetabulum
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hip arthroplasty. There is clearly a strong familial associa-
tion suggestive of a genetic link; however, environmental
influences are a significant confounder. This study also
suggests genetics may be involved in the development of
symptoms and joint injury as siblings were more likely to
have clinical symptoms of FAI compared to controls with
the same radiographic morphology (relative risk = 2.5).

There have been specific genes associated with
femoroacetabular impingement. The shape of the proximal
femur has been correlated with single nucleotide polymor-
phisms (SNPs) of growth differentiation factor 5 (GDF5),
Frizzled transmembrane receptor (FRZB) and deiodinase 2
(D2) [14]. These genes are important in the development of
long bones and articular formation. However, Safran et al.
found no difference in the SNP frequencies of GDF5 and
FRZB compared to the general population in their pilot study
[15].

Acetabular overcoverage has been associated with the ge-
notype and allele frequencies of five HOXB9 SNPs (rs8844,
rs3826541, rs3826540, rs7405887, rs79931349), while two

HOXB9 SNPs were associatedwith decreased acetabular cov-
erage (rs2303485, rs2303486) showing a strong involvement
of HOXB9 in the morphogenesis of acetabulum coverage
[16]. Despite several genes being implicated in the morpho-
logic changes of femoroacetabular impingement, it has been
postulated that it may be the cartilages vulnerability to these
mechanical stresses that cause symptoms and possible pro-
gression to osteoarthritis [14].

Pathophysiology

The poroelastic properties of the cartilage at the cam im-
pingement site have been studied to evaluate its structure
and response to strain. When compared to cadaver controls,
these osteochondral areas show 71% reduced stress-
relaxation properties and three times increased permeability
[17]. There is decreased proteoglycan concentration with
similar fibrillary components. The authors concluded that
cam lesions show behaviors and composition similar to
osteoarthritis.

At the molecular level, Hashimoto et al. described the ar-
ticular cartilage at the impingement zone in FAI hips to have
high expression of inflammatory, anabolic, and catabolic
genes [18]. When directly compared to the cartilage of pa-
tients with osteoarthritis undergoing total hip arthroplasty,
the femoroacetabular impingement cartilage had elevated
mRNA expression of inflammatory cytokines (interleukin-1
beta and interleukin-8) and catabolic genes (metalloproteinase
3 and a dis in tegr in and meta l loprote inase wi th
thrombospondin motifs-4) [19•]. These findings suggest that
FAI is a hypermetabolic precursor to hip osteoarthritis.

Femoral and acetabular version

Most of the focus on FAI has been about the femoral head-
neck deformity and acetabular coverage; however, more re-
cently, the femoral and acetabular versions have been shown
to impact patients. As impingement is a dynamic process
through hip range of motion, it is logical that version may
influence this motion. Increased femoral anteversion on MRI
has been seen in patients with pincer-type FAI compared to
cam-type (18.3°–18.7° vs. 10°–11.6°, respectively) [20]. This
was also seen in Kraeutler et al.’s prospective study of 440
hips showing femoral version to be an independent predictor
of hip internal rotation and cam lesions (alpha angle > 50° on
CT) independently associated with decreased hip flexion [21].
This can provide some insight during the clinical assessment
of ROM deficits.

Symptoms also correlate with version. A retrospective
review of 538 painful hips found 5% with < 0° version
and 12% > 35° of femoral anteversion [22]. Less femoral

Fig. 3 Measuring the alpha angle at 76.9° to evaluate for a cam lesion

Fig. 4 Measuring the lateral center edge angle at 32.9° to evaluate for a
pincer lesion
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version was seen in cam-type deformity. Normal acetabular
version, 10–25°, was most common among this symptom-
atic cohort (70% of patients) and there was much less var-
iability in acetabular version compared to femoral version.

In 2013, Ejnisman et al. retrospectively reviewed 204 hips
who underwent arthroscopy for FAI and found femoral ver-
sion correlated with preoperative motion; version < 5° had
increased external rotation. Femoral version > 15° was asso-
ciated with larger labral tears at 38mm and 2.2×more likely to
have tears beyond 3 o’clock (more anterior tears), while pa-
tients with version < 5° tears had tears averaging 30 mm [23].

Spinopelvic influence

The motion of the lumbar spine and pelvis has a close rela-
tion with the hips, particularly in the sagittal plane. The
trunk has been shown to have a significant influence on
mechanical impingement at the hip. Patients with FAI have
less spine flexion (22° ± 12° vs. 35° ± 8°, p = 0.04) and
greater hip flexion (72° ± 6° vs. 62° ± 8°, p = .05) [24].
Symptomatic FAI patients also had less spine flexion with
a similar amount of hip flexion as asymptomatic patients
with cam lesions. FAI subjects required more hip flexion

and pelvic tilt to sit to compensate for the lack of lumbar
spine flexion potentially leading to more impingement and
progression of symptoms.

A 2017 systematic review of pelvic posture and kinematics
summarized that lower pelvic incidence is present in FAI pa-
tients reducing maximum pelvic back tilt and extenuating
proximal femur and acetabulum engagement in dynamic hip
flexion [25–27]. Patients with pincer lesions also had lower
pelvic incidence than those with cam lesions [28].
Dynamically, the pelvis is seen to have less sagittal rotation
while walking and cam impingement limits subjects from
squatting as low as non-FAI subjects [29, 30]. Further study
is needed to determine if these lumbar and pelvic differences
are adaptive changes or causative.

Pincer development

Ponseti originally examined pediatric acetabulums in 1978
identifying the epiphyseal growth plates of the ilium, ischium,
and pubis referring to these secondary ossification centers as
os acetabuli [31]. Their maturation has been implicated in the
development of pincer lesions. In addition to Sekimoto et al.
identifying HOXB9’s role in acetabular coverage, recent

Fig. 5 AP and frog leg lateral
radiographs of a patient’s right hip
showing an anterior cam lesion
with alpha angles of 44.5° on the
AP and 64.4° on the lateral

Fig. 6 Sagittal and coronal T2
MRI images identifying the
chondrolabral injury due to
femoroacetabular impingement
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clinical observations have evaluated the acetabulums mor-
phology during growth. A retrospective review of 225 CT
scans of subjects aged 2 to 19 years old revealed increased
acetabular coverage and version with age [32].

A prospective look at asymptomatic volunteers aged 7
to 16 with multiple MRIs at least 1 year apart found in-
creased acetabular version as physes went from open to
close [33•]. However, no change in version was shown if
physes remained open on the subsequent MRI or if the
physes were closed on the initial MRI. This study suggests
a narrow time frame when acetabular version changes. The
increase in acetabular version is likely due to increased
posterior acetabulum growth. CT scans of 10 asymptom-
atic pediatric patients aged 9–18 found greater acetabular
anteversion in male and female subjects with closed
physes because of increased posterior growth [34].
Therefore, acetabular retroversion may not be due to an-
terior overgrowth, but more likely under development of
the posterior wall.

Cam development

Cam lesions are described as excess osteochondral extension
at the head-neck junction causing a loss of sphericity and
dynamic abutment of the acetabulum. This deformity is usu-
ally at the anterosuperior aspect of the proximal femur.
Siebenrock et al. proposed that this lesion is the result of
abnormal extension of the femoral head epiphysis due to the
extension of the physeal scar in impingement patients not seen
in controls [35]. This theory was tested in an animal model
with a repetitive load applied to porcine hips [36]. The stresses
lead to histological injury around the physes suggesting the
potential for aberrant growth. The concept that the cam lesion
is developed as the hip skeletally matures was corroborated on
MRI of pediatric volunteers between ages 8 and 18. There was
a moderate correlation between the physeal grade and alpha
angles at the 1:30 and 3 o’clock positions in males, but no
correlation in females [37]. However, much of our under-
standing of cam development comes from studying the hips
of young athletes and this study did not report on the activity
level of the participants.

Sports participation

Murray et al. first looked at athletic activity in adolescence as a
risk factor for hip osteoarthritis in 1971 [38]. Using AP pelvis
radiographs, there were increased femoral head ratios in
boarding school males competing in aggressive sports versus
those in voluntary sports. No increased femoral head ratios
were found in Oka et al.’s 1976 study comparing runners,
recreational athletes, and army recruits [39]. More recently, a

high incidence of cam deformities has been noted in collegiate
football and elite male soccer players [40, 41]. Ayeni et al.
found a higher prevalence of cam lesions with an alpha angle
> 50° in 16- to 30-year-old hockey players compared to con-
trols, 55% vs. 25%, respectively [42].

Additional studies have looked at when the develop-
ment of cam deformity occurs in sports participation.
Siebenrock et al. retrospectively evaluated the proximal
femur of basketball players finding an increased incidence
of cam lesions compared to controls [43]. Interestingly,
these increased alpha angles occurred after skeletal matu-
rity because when this group was further analyzed based
on the appearance of the physis, the immature basketball
players had similar alpha angles to controls. When specif-
ically looking at the hips of elite basketball players in
Germany before and after physeal closure, they found ab-
normal physeal extension about the anterosuperior femo-
ral neck in athletes with open physes with elevated alpha
angles after physeal closure (61° vs. 49° in controls) [44].
This was also performed in youth hockey players finding
increased alpha angles following physeal closure. The
hockey players with hip pain had even higher alpha angles
than asymptomatic players with radiographic signs of
impingement [45].

Similarly, Philippon et al. found no difference in rates of
cam deformities in asymptomatic youth hockey players com-
pared with controls at a young age (57% vs. 56%, respective-
ly), but increased alpha angles after skeletal maturity in 16 to
19-year-olds (93% vs. 25%, respectively) [46]. The biome-
chanics of the sprint start in hockey skating has also been
identified as potential dynamic cause of impingement [47].
Soccer may not predispose athletes as much as basketball
and hockey. Agricola et al. found a slightly higher prevalence
of alpha angles > 60° in 89 soccer players when compared to
controls; however, this was not statistically significant [48].
Johnson et al. likewise showed no difference in prevalence of
cam lesions among elite soccer players [49]. When comparing
skeletally immature soccer players to adult players, there was
no difference in cam morphology prevalence [50]. A recent
study found a 4° increase in alpha angles in English youth
soccer players compared to non-athletic controls and 7.7°
greater alpha angles in players competing at a national or
international level [51]. Overall, Nepple et al.’s meta-
analysis of level three evidence found athletes to have 1.9 to
8 times increased risk of developing a cam lesion [52•].

Hip morphology may also lead to instability in athletes. A
small cohort of 12 males aged 12 to 16 with sports-related
posterior hip dislocations was compared to matched controls
with CTs showing higher alpha angles (means 55.5° vs. 4°,
respectively) and less acetabular anteversion (9.6° ± 1.4° vs.
15.1° ± 0.8°) [53]. However, this is a small sample due to the
rare occurrence of hip dislocation in this age group and it is
unclear the level of sports participation of the control group.
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Conclusion

Femoroacetabular impingement is a common problem, partic-
ularly among young athletes. There is sparse evidence to sug-
gest a genetic inheritance pattern. The most compelling data
centers on the development of cam lesions with high impact
activity at the time of physeal closure. This window between
skeletal immaturity and closure of the femoral head epiphysis
appears to be when the cam deformity develops. It is unclear
at the molecular level why this occurs or the amount of stress
needed to cause the osteochondral extension. There is far less
evidence on the cause of pincer impingement. Further re-
search is needed to better understand the pathophysiology of
FAI development particularly at the time of physeal closure in
hopes of finding a preventative treatment to limit the symp-
toms and the progression to osteoarthritis.
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