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ABSTRACT

The etiology of primary femoroacetabular impingement (FAI) remains controversial. Both genetic and
acquired causes have been postulated and studied. While recent studies suggest that genetic factors may have a
role in the development of FAI there is no conclusive evidence that FAI is transmitted genetically. Currently, the
most popular theory for the development of cam-type deformities is that a repetitive injury to the proximal fem-
oral physis occurs during a critical period of development. There is a correlation between a high volume of impact
activities during adolescence and the development of cam-type deformities. Multiple studies have found a high
prevalence of FAI in elite football, ice hockey, basketball and soccer players. In this article, we review the current

literature relating to the etiology of primary FAL

INTRODUCTION
Femoroacetabular impingement (FAI) is the abnormal
contact of the proximal femur with the acetabulum. The
types of FAI are pincer lesions, cam deformities or both
(mixed). A pincer lesion is an acetabular overcoverage
(focal or global) whereas a cam deformity is the loss of the
normal femoral head sphericity at the head-neck junction
(Fig. 1). This aspherical region is typically located antero-
laterally on the femoral neck and can lead to damage of the
chondrolabral junction. Notzli originally quantified the
cam deformity using the ‘alpha angle’ [1], which is cen-
tered in the center of the femoral head and formed by two
lines between the femoral neck axis and a line where the
femoral head leaves a best-fit circle. While the alpha angle
is commonly used to measure cam deformities, the ‘nor-
mal’ ranges have not been agreed upon.

The understanding of FAI has revolutionized the treat-
ment of hip pain in the young, non-arthritic patient. While
the treatment of FAI continues to evolve [2—4], the eti-
ology of the osseous deformities is poorly understood.
Both genetic [S-12] and acquired [13-23] causes of FAI
have been postulated and studied in the literature. There is

recent evidence to support the concept that the formation
of cam lesions occurs with repetitive injury to the proximal
femoral physis during a critical period of development
[17, 24-29]. Most studies have focused on identifying the
cause of the development of cam lesions with few reports
on the development of pincer lesions. Further, there is also
a lack of theories explaining the etiology of acquired pin-
cers lesions.

Genetic etiology
Genetic factors have been found to be important in the de-
velopment of hip osteoarthritis (OA) [30-35]. Some au-
thors have suggested that abnormal joint morphology,
such as FAI, may be the underlying genetic predisposition
to osteoarthritis. Researchers have been particularly inter-
ested in comparing white and Asian populations since low
rates of primary OA have been reported in Asians [7, 36~
39]. The prevalence of hip OA is 5-10 times higher in
white populations compared with Chinese populations of
the same age and sex [36, 38]. Asians typically develop hip
osteoarthritis as the result of congenital hip disease, such
as developmental dysplasia of the hip (DDH), rather than
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Fig. 1. AP (A) and cross-table lateral (B) radiographs of a young athlete with a prominence at the head-neck junction.

FAI [7, 37]. Takeyama et al. [7] retrospectively investi-
gated 946 hips in 843 consecutive Asian patients who
underwent primary hip surgery. They found that only 1.2%
of hips were diagnosed with primary OA and that only
0.6% of hips had cam deformities (alpha angle >60°). The
authors concluded that FAT is rare in Japanese populations.

In a recent cross-sectional study of both white and
Chinese asymptomatic individuals, Van Houcke et al. [8]
concluded that Chinese and white patients differ signifi-
cantly with regard to hip anatomy. They imaged 201 pa-
tients (age 18-40 years) with computed tomography scans
and found that the white patients had higher average alpha
angles (56°) than Chinese patients (50°). Further, 56% of
white patients had an alpha angle >55° compared with
34% of Chinese patients. The average center-edge angle
was also greater in white subjects (39°) compared with the
Chinese subjects (35°). In a different retrospective study
[9] of 87 Japanese patients (80 women) who underwent
unilateral hip osteotomy on the contralateral hip, re-
searchers did not find any cam deformities on anteriopos-
terior radiographs. However, there was a crossover sign in
30.6% of hips without dysplasia, which is comparable to
the prevalence of acetabular retroversion in western popu-
lations [40]. It should be noted that the study populations
in these two investigations were all undergoing surgery for
a hip condition and are not necessarily representative of
the general population.

In a study investigating the role of genetics in the devel-
opment of FAI, Pollard et al. [6] studied 64 FAI patients
and compared their siblings (n = 96) with a spouse control
group (n=77). They found that there is an increased risk
of 2.8 for siblings compared with controls of having the
same cam-deformity (alpha angle >62.5°) as the patients.
The siblings of patients with a pincer deformity had a

relative risk of 2.0 of also having a pincer lesion. In the sib-
ling group, 11 of 96 sibling hips had grade 2 osteoarthritis
compared with 0 of 77 control hips. When comparing the
parents of the study subjects, 13 of the 64 FAI patient par-
ents had osteoarthritis or a hip replacement compared with
6 of the 77 control families. While this study is elegant in
an epidemiological approach, it does not conclusively sup-
port a genetic link. Certainly there are environmental fac-
tors, including athletic activity, that are common within
families, especially when raised together. In epidemiologic
studies of FAI it is not possible to separate these social
factors from genetic factors.

While these epidemiologic studies were designed to
detect differences in the prevalence of FAI and hip OA in
different populations, other researchers have reported on
the relationship between specific genes and hip morph-
ology. Safran et al. [S] investigated the incidence of the sin-
gle nucleotide polymorphisms (SNPs) at GDFSs rs143383
and Frizzled rs288326 in 69 FAI patients (47 mixed, 16
pincer, 6 cam). These genes were chosen because they are
on the developmental locus and have been associated with
hip osteoarthritis. GDFS is involved in development (e.g.
chondrogenesis, skeleto-genesis and joint development)
and is expressed in the human embryo appendicular skel-
eton and in adult cartilage. The Frizzled trans-membrane
receptor is involved in the pathway stimulating the
transcription of cytokines such as IL-6, IL-8 and IL-15 and
matrix degradation enzymes such as matrix metalloprotei-
nases. The frequencies of GDFS and Frizzled in the FAI
patients were compared with the general population using
the HapMap database and no significant differences were
found either in general or when studied by FAI type or
gender. When they expanded this study to 100 consecutive
patients, the results still did not support either of these



SNPs as the etiology of FAIL Although this study did not
confirm the two SNP’s are associated with FAI, it does not
mean that there is no genetic link to FAL It may be that
other genes that were not studied are potentially involved
or that the Hap Map does not accurately represent a gen-
eral population that was used for comparison.

In a case-controlled study of 1052 Caucasian women
(age >6S years), Baker-Lepain ef al. [10] used statistical
shape modeling of hip radiographs to categorize different
proximal femur shapes, as well as center-edge angle and
acetabular depth. They found that the rs288326 and
rs7775 FRZB SNPs were associated with a specific shape
of the proximal femur. Also, in the presence of the
rs288326 variant allele, there was an increased likelihood
of developing hip OA associated with this specific proximal
temur shape. The authors concluded that FRZB may serve
an important role in determining hip morphology and may
alter the relationship between hip morphology and the de-
velopment of hip OA.

In another study utilizing statistical shape modeling of
radiographs, researchers correlated proximal femur shape
with the SNPs of GDFS, FRZB and DIO2 [11]. Four of
the 23 hip shapes were strongly associated with OA charac-
teristics. There was a significant correlation between the
presence of DI02 rs12885300 and hip OA characteristics
for a specific proximal femur shape. These results suggest
that this SNP may increase the vulnerability of cartilage to
abnormal hip morphology rather than directly influencing
the formation of these shapes. The development of OA
may be the result of a complex interaction of genes
and loading history resulting in abnormal hip morphology
and varying abilities of cartilage to withstand mechanical
stress (cartilotype) [41]. The concept of cartilotypes
may explain why in prospective studies with up to 40 year
follow-up, there are a significant number of patients
with FAI or DDH who do not develop progressive OA
[42, 43).

Sekimoto ef al. [12] has been the only group to study
genetic variation associated with pincer lesions. They
investigated the relationship between SNPs of HOX9
genes and acetabular coverage in Japanese individuals. The
genotype and allele frequencies of the five HOX9 SNPs
had a significant association with acetabular over-coverage
compared with controls. The authors concluded that
HOXB9 SNPs may be involved in the morphogenesis of
acetabular coverage, and could be an independent risk fac-
tor for developing pincer-type FAI Although the results of
these studies suggest that genetic factors may have a role
in the development of FAI or the susceptibility of hips
with FAI to developing OA, future studies are required to
better understand this complex relationship.
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Athletes and FAI

There are numerous reports in the literature describing the
role of proximal femur deformities and FAI in the etiology
of osteoarthritis of the hip [2S, 26, 44-49]. In 1971,
Murray and Duncan [44] first reported on this association
when they found that increased athletic activity in adoles-
cence was a risk factor for the development of hip degen-
erative joint disease. They found a >3-fold increase of a
proximal femoral ‘tilt deformity’ in athletes compared with
controls. The authors speculated that excessive activity
during adolescence resulted in asymptomatic growth dis-
turbances and a ‘pistol grip’ deformity that eventually pre-
disposed the patient for hip arthritis [44, 50].

In support of these findings, a systematic review found
that there was a moderate relationship between sporting
activities and the development of hip OA [S1]. Other pub-
lished reports have found that male athletes involved in
running and jumping sports have an earlier onset and
increased risk of hip OA [44, 52-54]. A retrospective
matched cohort comparing former elite athletes with con-
trols found that the athletes had a relative risk of 2.0 of de-
veloping hip OA [S5]. They also found that athletes of
high impact sports were at higher risk of developing hip
OA than participants in non-impact sports. In a cross-sec-
tional population-based study (Copenhagen Osteoarthritis
Study), Gosvig et al. [56] found that pincer and cam
deformities were a significant risk factor for the develop-
ment of OA (risk ratio 2.4 and 2.2 respectively).

There is increasing evidence that participating in high-
impact sports during growth plays an important role in the
development of a cam deformity [13-18, 21, 22, 27, 57].
This is concerning given the trend toward year-round par-
ticipation in youth sports with early specialization.
Numerous cross-sectional studies of both symptomatic and
asymptomatic athletes have demonstrated a high preva-
lence of cam deformities [14, 15, 18, 22, 27].

In order to identify a group that is at risk for developing
FAJ, it is important to define the prevalence in the normal
population. In studies of asymptomatic individuals, the
prevalence of cam deformities has ranged from 9% to 25%
in men and 3% to 10% in women [17, 56, 58-63]. In a
population-based cross-sectional study, Reichenbach et al.
[60] obtained magnetic resonance imaging (MRIs) from a
random sample of 244 asymptomatic males (mean age
19.9 years). Cam-type deformities were found in 24% of
study participants and 91% of lesions were located in the
anterosuperior position. Hack et al. [59] studied 200
asymptomatic volunteers with an MRI and found that
24.7% of men and 5.4% of women had evidence of a cam
deformity (alpha angle >50.5°) in at least one hip. Gosvig
et al. [S6] reported on 1332 male and 2288 female
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participants in the Copenhagen Osteoarthritis Study. They
found that 15.2% of men and 19.6% of women had a pin-
cer abnormality (lateral center-edge angle >45°). The
prevalence of cam deformities was 19.6% in men and 5.2%
in women. Kienle et al. [64] studied 64 subjects (127 hips)
from a primary school and a high school to be used as nor-
mative values. Baseline and 1-year follow-up MRIs were
obtained. The mean alpha angle for all patients was
42.2° = 8.6° and did not significantly change at 1-year
follow-up (42.48° = 8.79°).

Prevalence of Cam Deformities in Athletes

Football

Recent studies have demonstrated a high prevalence of
FAT in collegiate football players [15, 16, 19]. Kapron et al.
[15] prospectively studied 67 male NCAA Division 1
collegiate football players (134 hips) with radiographs.
They found that 95% of hips had at least one sign of cam
or pincer impingement and 77% had more than one sign.
Seventy-two percent of players had an abnormal alpha
angle (>50°), 64% had a decreased femoral head-neck off-
set and 61% had a positive crossover sign.

These findings were supported by two retrospective
studies at the National Football League (NFL) Combine
of athletes undergoing hip radiographic imaging [16, 19].
Nepple et al. [16] reported on all 107 athletes (123 hips)
from 2007 to 2009, who were imaged for a history of hip
or groin pain. Cam and/or pincer deformities were present
in 94.3% of hips. Mixed-type FAI was the most prevalent
(61.8%), followed by isolated pincer (22.8%) and cam
deformities (9.8%). A body mass index >35S was associated
with the presence of global overcoverage (46.2% versus
17.3%, P=0.025). In a separate study, Larson et al. [19]
reviewed 132 players (261 hips) undergoing hip radiog-
raphy at the 2009 and 2010 NFL combines. Ninety per-
cent of players and 87% of hips had at least one finding of
cam and/or pincer deformities. There were 75 hips in the
symptomatic group and 164 hips in the asymptomatic
group. There was no correlation between FAI and body
mass index or player position.

Ice hockey
FAI is a common cause of hip pain in professional ice
hockey players [22, 65, 66]. Silvis et al. [20] obtained
MRIs in 39 asymptomatic collegiate and professional
hockey players. There was a 39% prevalence of alpha
angles >55°. In a different study of 77 elite male ice
hockey players (mean age 16.5 years; range 9-36 years),
Siebenrock et al. [21] found that alpha angles were higher
in athletes with closed physes compared with open physes

(59° versus S0°). After physeal closure, 56% of hips had an
abnormal alpha angle (>55°) compared with 6% of hips
with an open physis. The authors concluded that ice
hockey at an elite level during childhood is associated with
an increased risk for cam-type deformity identified after
physeal closure.

Philippon ef al. [22] compared hip MRIs of 61 asymp-
tomatic youth ice hockey players with 27 youth skiers as
controls (age 10-18 years). The ice hockey players had sig-
nificantly higher alpha angles than the control group.
Additionally, the ice hockey players had a significant correl-
ation between increased age and increased alpha angles,
which was not present in the control group. The ice
hockey group was 4.5 times more likely of having an alpha
angle >55° (75%) than the skier group (42%).

Basketball
Siebenrock et al. [17] retrospectively compared 72 hips in
elite male basketball players (mean age 17.6 years) with 76
asymptomatic hips in an age-matched control group. The
mean hip internal rotation was 18.9° in the athletes com-
pared with 30.1° in controls. While internal rotation was
similar for both athletes and controls in the youngest
group, athletes had a larger decrease in internal rotation
than the controls in the older group. After comparing the
youngest (age 9-12 years) with the oldest (age 22-26
years) groups, internal rotation decreased by an average
22.5° in athletes compared with only 10.2° in controls.
Overall, the athletes had a 10-fold increased likelihood of
having an alpha angle >55° in at least at one measurement
position (89% compared with 9%).

Siebenrock et al. [23] studied the same cohort of elite
basketball players and found that epiphyseal extension was
increased in all positions in athletes compared with the
control group. There was a significant increase in epiphys-
eal extension in athletes with open physes compared with
controls with open physes. After physeal closure, this dif-
ference was still present, but to a lesser extent. They found
a correlation between an alpha angle >55° and greater epi-
physeal extension in the anterosuperior femoral head quad-
The findings support the theory that the
development of a cam-type deformity in athletes is related
to an alteration of the growth plate rather than reactive
bone formation.

rant.

Soccer
Gerhardt et al. [18] retrospectively studied the radiographs
of 95 elite soccer players and found that 72% of male and
50% of female players had evidence of either a cam de-
formity and/or pincer lesion. Cam deformities were pre-
sent in 68% of men (76.5% bilateral involvement) and



50% of women (90% bilateral involvement). The average
alpha angle of all male players was 65.6°. Pincer lesions
were found in 26.7% of men and 10% of women.

Johnson et al. [14] reviewed radiographs of 50 individ-
uals who participated in high-level soccer during skeletal
immaturity and SO controls (age 18-30 years). The athlete
group participated in youth soccer at least 3 days per week
for at least 36 weeks per year between the ages of 10 and
14 years in men and 8-12 years in women. The control
group did not participate in any sport beyond a recre-
ational level and <2 days a week for <26 weeks per year
during the same ages. In male athletes, 60% had an alpha
angle >55° compared with 56% of controls. In female ath-
letes, there was an abnormal alpha angle in 36% compared
with 32% in controls. The controls in this study had a sig-
nificantly higher incidence of cam deformities than in most
other published reports [17, 56, 58-63]. The authors relied
on the volunteers to recall the level of weekly sports par-
ticipation, which may have led to recall bias.

Agricola ef al. [13] compared the radiographs of 89 elite
pre-professional soccer players (age 12-19 years) with con-
trols. Soccer players had a higher prevalence of abnormal
alpha angle (>60°) than controls (26% versus 17%).
There was an increased prevalence of anterolateral flatten-
ing (56% versus 18%, P=0.0001) and prominence (13%
versus 0%, P < 0.03) in the soccer players compared with
controls. The cam-type deformities were present early in
adolescence and seemed to be more prevalent in soccer
players. There was no widening or irregularity of the physis
in any radiograph. Therefore, the authors concluded that a
subclinical slipped capital femoral epiphysis (SCFE) is not
the cause of most cam-type deformities.

In a follow-up study, Agricola et al. [27] prospectively
followed 63 of the 89 pre-professional soccer players
(mean age 14.43 years; range, 1219 years) for a mean fol-
low-up of 2.4 years. In hips with an open physis at baseline,
the prevalence of cam deformities increased from 2.1% to
17.7% (P=0.002). In those hips, the anterosuperior
head-neck junction gradually changed from a concave
shape (age 12 years) to being flattened (age 14 years) and
eventually a convex shape (age 16 years). When studying
the soccer players who were age 12 or 13 years at baseline,
84.1% had a normal appearance of the head-neck junction
initially, which decreased to only 43.2% at follow-up
(P <0.001). After physeal closure, there was no significant
increase in the prevalence or severity of cam deformity.
The investigators also found that a decreased neck shaft
angle (129.1° versus 133.6°; P=0.001) and an increased
epiphyseal extension (1.54 versus 1.43; P=0.001) were
associated with the presence of a cam deformity (alpha
angle >60°). These data support the hypothesis that cam
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lesions are developed during a critical period of adoles-
cence and that new lesions are not formed after physeal
closure.

Etiology of cam-deformity in athletes

There have been several hypotheses regarding the etiology
of cam-deformity development in high-level adolescent
athletes. One explanation is that high stresses lead to react-
ive bone formation at a location independent of the
physis [67-70]. It has also been postulated that this injury
is a subclinical SCFE that is asymptomatic during adoles-
cence, but causes a cam deformity leading to FAI as an
adult [24-26, 58, 71]. However, several authors have chal-
lenged this silent SCFE hypothesis [13, 57, 72, 73]. Beaule
et al. [72] investigated the relationship between the alpha
angle and beta angle (calculated with a similar method to
alpha angle, but measuring the angle of the posterior
head-neck junction). The basis of Beaule’s study was that
if there is a silent SCFE, any increase in alpha angle would
have a corresponding decrease in beta angle. The mean
beta angle was significantly smaller in the symptomatic
group compared with the control group. However, there
was no significant relationship between an increasing alpha
angle and decreasing beta angle. The authors concluded
that although these findings do not exclude the possibility
of a silent disruption of the proximal femoral epiphysis as a
cause for head—neck abnormality in some individuals, other
mechanisms may be more prevalent.

Siebenrock and Schwab [73] reported that a cam-type
deformity in the absence of any previous hip pathology has
distinctly different morphologic features than a residual or
silent SCFE. In the post-SCFE hips, the femoral head cen-
ter typically migrates posteriorly on lateral radiographs.
However, this migration is not frequently observed in idio-
pathic cam-type deformities. The authors also discussed
the posterior sloping angle (PSA), which evaluates the pos-
ition of the epiphysis on the femoral neck and is 5° to 7°
in normal hips compared with >12 in post-SCFE hips.
Their institutional data of post-physeal closure basketball
players with cam-type deformities showed a PSA of
4.1° = 7.1° compared with age-matched controls who had
a PSA of 6.7° = 4.7°. Thus, they also concluded that the
majority of cam-type deformities are not the sequelae of a
silent SCFE.

As the result of the articles discussed above, the cur-
rently most accepted theory is that repetitive injury to
the proximal femoral physis at a critical time period of de-
velopment may result in the formation of a cam lesion.
[17, 24-29] To evaluate this more scientifically, Carter
et al. [24] performed a retrospective review of the MRI
images of 17 adolescent patients (24 hips) with FAL



254 o J.D. Packer and M. R. Safran

Linear mixed models were used to determine the associ-
ation between the distance to the cam lesion and physeal
status. The average alpha angles were 50.7°, 63.2°, 64.4°
and 63.9° for the anterior, anterosuperior, superoanterior
and superior radial MRI sections respectively. The average
distance from the cam lesion to the physis was 7 mm.
Patients with closed growth plates had a significantly
greater distance between the cam lesion and physeal scar
when compared with patients with more open growth
plates. The findings suggest that the location of symptom-
atic cam-deformities in skeletally immature patients occurs
at the level of the physis.

Some authors have compared this repetitive micro-
trauma of the hip to a similar process of the proximal hu-
meral physis in Little Leaguer’s Shoulder and other growth
plate disturbances in gymnasts [24, 74-76]. The stresses
across the developing proximal femoral physis generated
from running, kicking, ice-skating and jumping may be
comparable with stresses across the proximal humeral
physis in baseball pitching. Crockett ef al. [77] found that
the throwing shoulder in professional pitchers had
increased humeral retroversion compared with both the
player’s non-throwing shoulder and also non-throwing
controls. By a similar mechanism, repetitive injury to the
proximal femoral physis may lead to asymmetric growth
and a decreased head—neck offset.

It is possible that increased physeal extension may rep-
resent an initial event preceding the development of a cam
deformity (Fig. 2). In a study involving MR arthrography
and the measurement of epiphyseal extension in patients
with FAI (n=15) and age- and gender-matched controls

Fig. 2. An AP Pelvis of an athlete with bilateral cam deformities.
There is an increased epiphyseal extension of the lateral proximal

femoral physis in both hips.

(n=15), it was found in both groups that there was an in-
verse correlation between the amount of head—neck offset
and the relative extension of the capital physeal scar in the
cranial hemisphere of the femoral head [28]. Within the
anterosuperior head quadrant of patients with cam deform-
ities, there was a decrease in head—neck offset and an in-
crease of the lateral epiphyseal extension compared with
the controls. The findings of Jaramillo ef al. [78] on a rab-
bit model of juxtaphyseal trauma provide physiological
support to this concept. Metaphyseal injury resulted in
interference with endochondral ossification, thickening of
the growth plate and extension of cartilage into the meta-
physis. They also found that juxtaphyeal trauma leads to
the stimulation of endochondral ossification with thicken-
ing and extension of the epiphysis.

CONCLUSION
Currently, there is no firm evidence that FAI is transmitted
genetically. There is growing evidence that FAI, particu-
larly cam-deformities, has a higher prevalence in athletes
who performed at a high level during adolescence. There
appears to be a critical period of time near physeal closure
during which there is a high risk of development of a cam
deformity. There are very few cases of FAI in patients
younger than age 13 years and there is no increase in
prevalence after physeal closure. However, the mechanism
behind this pathology and the threshold duration of activ-
ity are not known. Further, there is a lack of research link-
impingement with athletic or other
developmental stresses. A better understanding of FAI de-

ing pincer

velopment may allow for preventative protocols to reduce
the incidence of FAI and eventually hip osteoarthritis.

CONFLICT OF INTEREST STATEMENT
None declared.

REFERENCES

1. Notzli HP, Wyss TF, Stoecklin CH et al. The contour of the fem-
oral head-neck junction as a predictor for the risk of anterior im-
pingement. ] Bone Joint Surg Br 2002; 84: 556—60.

2. Clohisy JC, St John LC, Schutz AL. Surgical treatment of femo-
roacetabular impingement: a systematic review of the literature.
Clin Orthop Relat Res 2010; 468: 555-64.

3. Colvin AC, Harrast J, Harner C. Trends in hip arthroscopy.
] Bone Joint Surg Am 2012; 94: €23.

4. Matsuda DK, Carlisle JC, Arthurs SC et al. Comparative system-
atic review of the open dislocation, mini-open, and arthroscopic
surgeries for femoroacetabular impingement. Arthroscopy 2011;
27:252-69.



10.

11.

12.

13.

14.

1S.

16.

17.

18.

19.

20.

Safran M, Hariri S, Smith L. Paper 31: Is there a genetic link to
FAI: A DNA pilot study of GDFS$ and frizzle single nucleotide
polymorphisms. Arthroscopy 2011; 27: e18.

Pollard TC, Villar RN, Norton MR et al. Genetic influences in
the aetiology of femoroacetabular impingement: a sibling study.
] Bone Joint Surg Br 2010; 92: 209-16.

Takeyama A, Naito M, Shiramizu K et al. Prevalence of femoroa-
cetabular impingement in Asian patients with osteoarthritis of the
hip. Int Orthop 2009; 33: 1229-32.

Van Houcke J, Yau WP, Yan CH et al. Prevalence of radiographic
parameters predisposing to femoroacetabular impingement in
young asymptomatic chinese and white subjects. ] Bone Joint Surg
Am 2015; 97: 310-7.

Fukushima K, Uchiyama K, Takahira N et al. Prevalence of radio-
graphic findings of femoroacetabular impingement in the
Japanese population. ] Orthop Surg Res 2014; 9: 25.

Baker-Lepain JC, Lynch JA, Parimi N et al. Variant alleles of the
‘Wnt antagonist FRZB are determinants of hip shape and modify
the relationship between hip shape and osteoarthritis. Arthritis
Rheum 2012; 64: 1457-65.
Waarsing JH, Kloppenburg M, Slagboom PE et al
Osteoarthritis susceptibility genes influence the association
between hip morphology and osteoarthritis. Arthritis Rheum
2011; 63: 1349-54.

Sekimoto T, Kurogi S, Funamoto T et al. Possible association
of single nucleotide polymorphisms in the 3’ untranslated region
of HOXBY with acetabular overcoverage. Bone Joint Res 201S; 4:
50-5.

Agricola R, Bessems JH, Ginai AZ et al. The development of
Cam-type deformity in adolescent and young male soccer players.
Am ] Sports Med 2012; 40: 1099-106.

Johnson AC, Shaman MA, Ryan TG. Femoroacetabular impinge-
ment in former high-level youth soccer players. Am J Sports Med
2012; 40: 1342-6.

Kapron AL, Anderson AE, Aoki SK et al. Radiographic prevalence
of femoroacetabular impingement in collegiate football
players: AAOS Exhibit Selection. ] Bone Joint Surg Am 2011; 93:
ell11(1-10).

Nepple JJ, Brophy RH, Matava MJ et al. Radiographic findings of
femoroacetabular impingement in National Football League
Combine athletes undergoing radiographs for previous hip or
groin pain. Arthroscopy 2012; 28: 1396-403.

Siebenrock KA, Ferner F, Noble PC et al. The cam-type
deformity of the proximal femur arises in childhood in response
to vigorous sporting activity. Clin Orthop Relat Res 2011; 469:
3229-40.

Gerhardt MB, Romero AA, Silvers HJ et al. The prevalence of
radiographic hip abnormalities in elite soccer players. Am J Sports
Med 2012; 40: 584-8.

Larson CM, Sikka RS, Sardelli MC et al. Increasing alpha angle
is predictive of athletic-related “hip” and “groin” pain in
collegiate National Football League prospects. Arthroscopy 2013;
29: 405-10.

Silvis ML, Mosher T7J, Smetana BS et al. High prevalence of pelvic
and hip magnetic resonance imaging findings in asymptomatic
collegiate and professional hockey players. Am J Sports Med 2011;
39: 715-21.

21.

22.

23.

24.

2S.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3S.

36.

37.

38.

Etiology of FAI .« 25§
Siebenrock KA, Kaschka I, Frauchiger L et al. Prevalence of cam-
type deformity and hip pain in elite ice hockey players before and
after the end of growth. Am J Sports Med 2013; 41: 2308-13.
Philippon M]J, Ho CP, Briggs KK et al. Prevalence of increased
alpha angles as a measure of cam-type femoroacetabular impinge-
ment in youth ice hockey players. Am | Sports Med 2013; 41:
1357-62.

Siebenrock KA, Behning A, Mamisch TC et al. Growth plate al-
teration precedes cam-type deformity in elite basketball players.
Clin Orthop Relat Res 2013; 471: 1084-91.

Carter CW, Bixby S, Yen YM et al. The relationship between cam
lesion and physis in skeletally immature patients. J Pediat Orthop
2014; 34: 579-84.

Harris WH. Etiology of osteoarthritis of the hip. Clin Orthop
Relat Res 1986; 213: 20-33.

Goodman DA, Feighan JE, Smith AD et al. Subclinical slipped
capital femoral epiphysis. Relationship to osteoarthrosis of the
hip. ] Bone Joint Surg Am 1997; 79: 1489-97.

Agricola R, Heijboer MP, Ginai AZ et al. A cam deformity is grad-
ually acquired during skeletal maturation in adolescent and young
male soccer players: a prospective study with minimum 2-year
follow-up. Am J Sports Med 2014; 42: 798-806.

Siebenrock KA, Wahab KH, Werlen S et al. Abnormal extension
of the femoral head epiphysis as a cause of cam impingement.
Clin Orthop Relat Res 2004; 418: 54-60.

Carsen S, Moroz PJ, Rakhra K et al. The Otto Aufranc Award. On
the etiology of the cam deformity: a cross-sectional pediatric MRI
study. Clin Orthop Relat Res 2014; 472: 430-6.

Lanyon P, Muir K, Doherty S et al. Assessment of a genetic con-
tribution to osteoarthritis of the hip: sibling study. BMJ 2000;
321: 1179-83.

Spencer JM, Loughlin J, Clipsham K et al. Genetic background in-
creases the risk of hip osteoarthritis. Clin Orthop Relat Res 200S;
431: 134-7.

Chitnavis J, Sinsheimer JS, Clipsham K et al. Genetic influences
in end-stage osteoarthritis. Sibling risks of hip and knee replace-
ment for idiopathic osteoarthritis. ] Bone Joint Surg Br 1997; 79:
660-4.

Lindberg H. Prevalence of primary coxarthrosis in siblings
of patients with primary coxarthrosis. Clin Orthop Relat Res 1986;
203: 273-S.

MacGregor AJ, Antoniades L, Matson M et al. The genetic contri-
bution to radiographic hip osteoarthritis in women: results of a
classic twin study. Arthritis Rheum 2000; 43: 2410-6.

Lane NE, Lian K, Nevitt MC et al. Frizzled-related protein vari-
ants are risk factors for hip osteoarthritis. Arthritis Rheum 2006;
54: 1246-54.

Nevitt MC, Xu L, Zhang Y et al. Very low prevalence of hip osteo-
arthritis among Chinese elderly in Beijing, China, compared with
whites in the United States: the Beijing osteoarthritis study.
Arthritis Rheum 2002; 46: 1773-9.

Hoaglund FT, Shiba R, Newberg AH et al. Diseases of the hip. A
comparative study of Japanese Oriental and American white pa-
tients. | Bone Joint Surg Am 198S; 67: 1376-83.

Hoaglund FT, Yau AC, Wong WL. Osteoarthritis of the hip and
other joints in southern Chinese in Hong Kong. ] Bone Joint Surg
Am 1973; §5: 545-57.



256 .

39.

40.

41.

42.

43.

4S.

46.

47.

48.

49.

S0.

SL.

S2.

S3.

54.

SS.

J. D. Packer and M. R. Safran

Kim YH. Relationship between the sphericity of femoral head-
acetabulum and the low incidence of primary osteoarthritis of the
hip joint in Koreans. Yonsei Med ] 1989; 30: 280-7.

Jamali AA, Mladenov K, Meyer DC et al. Anteroposterior pelvic
radiographs to assess acetabular retroversion: high validity of the
“cross-over-sign". ] Orthop Res 2007; 25: 758-65.

Hogervorst T, Eilander W, Fikkers JT et al. Hip ontogenesis: how
evolution, genes, and load history shape hip morphotype and car-
tilotype. Clin Orthop Relat Res 2012; 470: 3284-96.

Bardakos NV, Villar RN. Predictors of progression of osteoarth-
ritis in femoroacetabular impingement: a radiological study with a
minimum of ten years follow-up. J Bone Joint Surg Br 2009; 91:
162-9.

Hartofilakidis G, Bardakos NV, Babis GC et al. An examination
of the different morphotypes of

femoroacetabular impingement in asymptomatic subjects and the

association between

development of osteoarthritis of the hip. ] Bone Joint Surg Br
2011; 93: 580-6.

. Murray RO, Duncan C. Athletic activity in adolescence as an etio-

logical factor in degenerative hip disease. | Bone Joint Surg Br
1971; 53: 406-19.

Ganz R, Leunig M, Leunig-Ganz K et al. The etiology of osteo-
arthritis of the hip: an integrated mechanical concept. Clin Orthop
Relat Res 2008; 466: 264-72.

Ganz R, Parvizi J, Beck M et al. Femoroacetabular impingement:
a cause for osteoarthritis of the hip. Clin Orthop Relat Res 2003;
417: 112-20.

Clohisy JC, Dobson MA, Robison JF et al. Radiographic struc-
tural abnormalities associated with premature, natural hip-joint
failure. ] Bone Joint Surg Am 2011; 93(Suppl 2): 3-9.

Beck M, Kalhor M, Leunig M et al. Hip morphology influences
the pattern of damage to the acetabular cartilage: femoroacetabu-
lar impingement as a cause of early osteoarthritis of the hip.
] Bone Joint Surg Br 200S; 87: 1012-8.

Thomas GE, Palmer AJ, Batra RN et al. Subclinical deformities of
the hip are significant predictors of radiographic osteoarthritis
and joint replacement in women. A 20 year longitudinal cohort
study. Osteoarthritis Cartilage 2014; 22: 1504-10.

Murray RO. The aetiology of primary osteoarthritis of the hip. Br
J Radiol 1965; 38: 810-24.

Lievense AM, Bierma-Zeinstra SM, Verhagen AP et al. Influence
of sporting activities on the development of osteoarthritis of the
hip: a systematic review. Arthritis Rheum 2003; 49: 228-36.
Drawer S, Fuller CW. Propensity for osteoarthritis and lower
limb joint pain in retired professional soccer players. Br J Sports
Med 2001; 35: 402-8.

L'Hermette M, Polle G, Tourny-Chollet C et al. Hip passive
range of motion and frequency of radiographic hip osteoarthritis
in former elite handball players. Br J Sports Med 2006; 40: 45-9;
discussion -9.

Lindberg H, Roos H, Gardsell P. Prevalence of coxarthrosis in
former soccer players. 286 players compared with matched con-
trols. Acta Orthop Scand 1993; 64: 165-7.

Tveit M, Rosengren BE, Nilsson JA et al. Former male elite
athletes have a higher prevalence of osteoarthritis and arthro-
plasty in the hip and knee than expected. Am ] Sports Med
2012;40: 527-33.

S6.

§7.

S8.

59.

60.

61.

62.

63.

64.

6S.

66.

67.

68.

69.

70.

71.

Gosvig KK, Jacobsen S, Sonne-Holm S et al. Prevalence of mal-
formations of the hip joint and their relationship to sex, groin
pain, and risk of osteoarthritis: a population-based survey. ] Bone
Joint Surg Am 2010;92: 1162-9.

Leunig M, Beaule PE, Ganz R. The concept of femoroacetabular
impingement: current status and future perspectives. Clin Orthop
Relat Res 2009; 467: 616-22.

Gosvig KK, Jacobsen S, Sonne-Holm S et al. The prevalence
of cam-type deformity of the hip joint: a survey of 4151 subjects
of the Copenhagen Osteoarthritis Study. Acta Radiol 2008; 49:
436-41.

Hack K, Di Primio G, Rakhra K et al. Prevalence of cam-type
femoroacetabular impingement morphology in asymptomatic
volunteers. ] Bone Joint Surg Am 2010; 92: 2436-44.

Reichenbach S, Juni P, Werlen S et al. Prevalence of cam-
type deformity on hip magnetic resonance imaging in young
males: a cross-sectional study. Arthritis Care Res 2010; 62:
1319-27.

Kang AC, Gooding AJ, Coates MH et al. Computed tomography
assessment of hip joints in asymptomatic individuals in relation
to femoroacetabular impingement. Am ] Sports Med 2010; 38:
1160-5.

Laborie LB, Lehmann TG, Engesaeter IO et al. Prevalence of
radiographic findings thought to be associated with femoroace-
tabular impingement in a population-based cohort of 2081
healthy young adults. Radiology 2011; 260: 494-502.

Leunig M, Beck M, Dora C et al. [Femoroacetabular impinge-
ment: trigger for the development of coxarthrosis]. Der
Orthopade 2006; 35: 77-84.

Kienle KP, Keck J, Werlen S et al. Femoral morphology and epi-
physeal growth plate changes of the hip during maturation: MR
assessments in a 1-year follow-up on a cross-sectional asymptom-
atic cohort in the age range of 9-17 years. Skelet Radiol 2012; 41:
1381-90.
Philippon M,  Schenker M,
Femoroacetabular impingement in 45 professional athletes:
associated pathologies and return to sport following arthro-
scopic decompression. Knee Surg, Sports Traumatol, Arthrosc
2007; 1S: 908-14.

Bizzini M, Notzli HP, Maffiuletti NA. Femoroacetabular impinge-
ment in professional ice hockey players: a case series of S athletes
after open surgical decompression of the hip. Am | Sports Med
2007; 35: 1955-9.

Hogstrom M, Nordstrom A, Alfredson H et al. Current physical
activity is related to bone mineral density in males but not in fe-
males. Int ] Sports Med 2007; 28: 431-6.

Karlsson KM, Karlsson C, Ahlborg HG et al. Bone turnover re-
sponses to changed physical activity. Calcif Tissue Int 2003; 72:
675-80.

Karlsson KM, Karlsson C, Ahlborg HG et al. The duration of ex-
ercise as a regulator of bone turnover. Calcif Tissue Int 2003; 73:
350-5.

Zouch M, Jaffre C, Thomas T et al. Long-term soccer practice in-
creases bone mineral content gain in prepubescent boys. Joint
Bone Spine 2008; 75: 41-9.

Fraitzl CR, Kafer W, Nelitz M et al. Radiological evidence of fem-
oroacetabular impingement in mild slipped capital femoral

Briggs K et al



72.

73.

74.

epiphysis: a mean follow-up of 14.4 years after pinning in situ.
] Bone Joint Surg Br 2007; 89: 1592-6.

Beaule PE, Zaragoza E, Motamedi K et al. Three-dimensional
computed tomography of the hip in the assessment of femoroace-
tabular impingement. ] Orthop Res 2005; 23: 1286-92.
Siebenrock KA, Schwab JM. The cam-type deformity—what is it:
SCEFE, osteophyte, or a new disease? | Pediatr Orthop 2013;
33(Suppl 1):S121-S.

Caine D, DiFiori J, Maffulli N. Physeal injuries in children’s
and youth sports: reasons for concern? Br ] Sports Med 2006; 40:
749-60.

Etiology of FAI « 257

75. Adams JE. Little league shoulder: osteochondrosis of the prox-
imal humeral epiphysis in boy baseball pitchers. Calif Med 1966;
105: 22-5.

76. Carson WG Jr, Gasser SI Little Leaguer’s shoulder. A report of
23 cases. Am ] Sports Med 1998; 26: 575-80.

77. Crockett HC, Gross LB, Wilk KE et al. Osseous adaptation and
range of motion at the glenohumeral joint in professional baseball
pitchers. Am J Sports Med 2002; 30: 20-6.

78. Jaramillo D, Laor T, Zaleske DJ. Indirect trauma to the growth
plate: results of MR imaging after epiphyseal and metaphyseal in-
jury in rabbits. Radiology 1993; 187: 171-8.



