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Femoroacetabular impingement syndrome (FAIS) is a source of hip pain that can present in
adolescent athletes and is related to sports participation and extreme use in these patients.
FAIS is characterized by morphologic abnormalities of the acetabulum and/or proximal
femur that leads to pathologic contact within the hip joint. FAIS is classified as cam-type,
pincer-type, or combined. Early sports participation is a factor in the development of symp-
tomatic FAIS. Adolescent patients with FAIS are also more likely to have associated extra-
articular pathologies. History and physical exam findings in adolescents with FAIS are not
considerably different than corresponding findings in adults with FAIS and include activity-
related groin pain aggravated by pivoting and flexion activities. FAIS can be treated conser-
vatively or surgically. In refractory cases, outcomes after surgical intervention have been
shown to be significantly better than nonsurgical treatment. Surgical intervention involves
repairing damage to the labrum and/or cartilage and decompressing the bony impingement.
Open and arthroscopic approaches have been shown to be safe and effective in adoles-
cents with good outcomes. Most adolescent athletes are able to return to participation in
their sport and a majority returning to their preinjury level of play after surgical intervention.
Oper Tech Sports Med 27:152-158 © 2019 Published by Elsevier Inc.
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Introduction is most common in both adolescent and adult patient popu-
lations, as well as in athlete and nonathlete patients.” " Mor-
F emoroacetabular impingement syndrome (FAIS) is a phology consistent with FAIS is more common in athletes
clinical condition of the hip that leads to pain and pro- than nonathletes.” Tt is worth noting that the mean alpha
gressive joint damage.' FAIS has long been recognized as a angle is lower in athletes than nonathletes with symptomatic
cause of early osteoarthritis in adults.” Recent research has FAIS reflecting the potential causative relationship of athletic
shown that FAIS also affects a younger population,” and it participation to development of symptoms.”
has been suggested that ear.ly intervention for symptomatic As patients age, the incidence of cam morphology
FAIS among adolescents will lead to better long-term out- increases.”” It has been shown that high levels of physical
comes.” Additionally, up to 96% of adolescent FAIS patients activity and participation in competitive sports (ice hockey,
participate in sports underlying potential role that athletic soccer, and basketball) at a young age increases the preva-
participation has in the development of symptomatic FAIS in lence of cam morphology in the asymptomatic population.®”

adolescents.’

Participants in these sports are at a 1.9-8 times greater risk of
Reported incidence of cam, pincer, and combined mor-

developing cam morphology than nonparticipants.” In ado-

phology varies widely across studies. Combined morphology lescent populations, male patients are more likely to have a

cam deformity than female patients.'” There is also support
*Department of Orthopedic Surgery, University of Virginia, Charlottesville, VA. for a genetic component of FAIS. Siblings of cam-type FAIS
"University of Virginia School of Medicine, Charlottesville, VA. patients have a 2.8 times greater risk for cam morphology

Conilicts of Interest: None. compared to unrelated controls, while siblings of pincer-type
Address reprint requests to F. Winston Gwathmey, MD, Department of p > 8 p yp

Orthopedic Surgery, University of Virginia, Suite 1100, 515 Ray C. Hunt FAIS patientlsl have a 2.0 times greater risk of pincer
Dr., Charlottesville, VA 22903. E-mail: fwg7d@virginia.edu morphology.

152 https://doi.org/10.1053/j.0tsm.2019.04.008
1060-1872/© 2019 Published by Elsevier Inc.


http://crossmark.crossref.org/dialog/?doi=10.1053/j.otsm.2019.04.008&domain=pdf
mailto:fwg7d@virginia.edu
https://dx.doi.org/10.1053/j.otsm.2019.04.008

Femoroacetabular Impingement in the Adolescent

153

Legg-Calve-Perthes disease (LCPD) and slipped capital femo-
ral epiphysis (SCFE) are 2 pediatric conditions that can be addi-
tional risk factors for the development of FAIS as an
adolescent.'” Impingement after LCPD is most commonly due
coxa magna and plana deformities of the femoral head with
decreased femoral head-neck offset and coxa breva' > (Fig. 1).
SCFE can also lead to morphologic changes that lead to the
development of femoral neck retroversion and cam morphol-
ogy. This can occur even in the case of mild or silent SCFE."”'°
However, chances are much greater in severe SCFE, as most of
these patients will develop cam morphology (85.7%)."” LCPD
and SCFE present an additional challenge to surgical planning
and treatment because they often present with complex defor-
mities. These cases must be recognized and differentiated from
idiopathic FAIS.'*"” LCPD can also present with extra-articular
impingement between the proximal femur and pelvis that must
be differentiated from intra-articular FAIS."”

Pathophysiology

Femoroacetabular impingement is caused by abnormal
contact between the proximal femur and the rim of the ace-
tabulum.'” Repetitive impingement within the hip joint
leads to progressive cartilage and labral damage. Morpho-
logic abnormalities of the proximal femur cause cam-type
impingement while acetabular deformities may result in
pincer-type impingement.2 Often, the 2 impingement
types coexist and lead to mixed-type impingement. Cam
morphology indicates a loss of sphericity of the femoral

Figure 1 A radiograph showing the femoral head and acetabular
deformities seen in Legg-Calve-Perthes disease.

head as defined by an increased alpha angle or decreased
femoral head-neck offset.' "' Pincer morphology is an
over coverage of the femoral head and neck by the anterior
acetabulum.”

Repetitive pathologic impingement between the femoral
neck and acetabulum causes significant damage to articular
structures. Significant deformities may lead to impingement
during physiological activities while athletic participation
may lead to impingement during supraphysiological activi-
ties. Cam-type deformities result in shearing forces across
the acetabular cartilage and chondrolabral junction of the
anterosuperior acetabulum by the aspherical femoral
head.'” Frequently, silent articular cartilage damage occurs
early in the process and symptoms progress with increasing
labral involvement with failure of the chondrolabral junc-
tion. In pincer deformities, the labrum is pinched between
the acetabulum and femoral neck, causing more circumfer-
ential labral damage. Pincer morphology can also lead to
labral ossification."”

At the time of arthroscopy, the majority of adolescent FAIS
patients had labral tears (91%-100%), which was not signifi-
cantly different than adult FAIS patients (84%).”° FAIS also
damages the cartilage surfaces of the acetabulum and femur,
in particular cam FAIS. A high percentage of patients undergo-
ing arthroscopy for FAIS have chondral lesions. Damage to the
acetabular chondral surface is more common than femoral
chondral damage.” The aspherical femoral head shears the car-
tilage of the acetabulum as it enters the joint leading to delami-
nation at the interface between the cartilage and subchondral
bone. Full thickness cartilage lesions may be present early in
the disease process. In a recent study comparing adolescent to
adult patients undergoing hip arthroscopy, the majority of
adolescent patients had cartilage damage, although to a lesser
extent compared to their adult counterparts (acetabular: 83%
vs 92%, femoral: 2.5% vs 14%).”

FAIS is an intra-articular syndrome but is frequently asso-
ciated with extra-articular conditions.”’ FAIS can present
with iliotibial band snapping or iliopsoas tendon snapping.
These conditions occur more frequently in the athletic popu-
lation.”” Adolescent FAIS patients are more likely to have
symptomatic extra-articular pathologies that require iliotibial
band release or iliopsoas tendon fractional lengthening con-
currently with FAIS surgical intervention (12.3% vs 4.1%).”
Additionally, patients, especially athletes, can develop com-
pensatory disorders due to reduced hip range of motion, the
gradual onset of symptoms, and delayed treatment for
FAIS.”” Research has linked cam morphology of the hip to
lumbar spine disorders, athletic pubalgia, osteitis pubis, and
elbow injuries in baseball players.”' >’

There is also evidence to support an association between
FAI morphology and ACL tears.”* ACL tears commonly
occur as noncontact injuries during lateral cutting or pivot-
ing. The proposed mechanism is that reduced hip internal
rotation causes more strain to be put on the ACL due to a
compensatory increase in tibial internal rotation, abduction,
and anterior translation.”” However, there is debate sur-
rounding the causality of these effects on ACL tears and knee
injury due to hip morphology.”’
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Clinical Evaluation

The history for FAIS in adolescent athletes can be variable.
Onset may be gradual or after an acute inciting incident; how-
ever, athletes with sudden onset of FAIS will often have previous
nonspecific hip and groin complaints. Many athletes with FAIS
state they have never been as flexible as their peers. Symptoms
of FAIS are usually present in the groin region. Pain is exacer-
bated by full flexion of the hip and extension from a flexed posi-
tion. Patients may describe their deep anterior hip pain with a
“C-sign.” In a “C-sign,” the hand is cupped above the greater tro-
chanter with fingers gripping into the anterior groin.”’

Physical exam is important in identifying FAIS; however, it
is important to note that the forces generated across the hip
during sport are significantly greater than those elicited on
physical exam. The characteristic exam finding in FAIS is
decreased internal rotation. Often patients will have symmet-
rically reduced range of motion despite asymmetric symp-
toms. The reduction in range of motion and differences in
underlying morphology can be highly variable in symptom-
atic FAIS patients. Two important exam maneuvers for FAIS
are the anterior impingement test (FADDIR) and log roll test
(Fig. 2). The impingement test is highly sensitive for hip irri-
tation, but nonspecific for FAIS. The log roll test is much less
sensitive but more specific for hip joint pathology. It is
important to determine whether these exam maneuvers rec-
reate the typical pain that patients experience with activity,
as this further suggests FAIS. In FAIS patients, these tests

Figure 2 The technique used in performing the anterior impinge-
ment test (FADDIR).

may or may not be positive on the asymptomatic side.”’
When assessing the hip for FAIS, it is important to assess
for coexisting disorders, compensatory disorders, and coinci-
dental findings. Coexisting disorders include lumbar spinal
pathology and athletic pubalgia. Compensatory disorders
include gluteal or abductor irritability and trochanteric bursi-
tis. Coincidental findings include snapping hip which is
present in up to 10% of the asymptomatic population.

Imaging

Careful interpretation of imaging studies is also important in
the evaluation and treatment of FAIS. Plain radiographs are
the foundation of the imaging algorithm and should be
obtained on all patients with suspected FAIS.'® The standard
series of radiographs include an anteroposterior pelvis cen-
tered on the pubic symphysis as well as a lateral view of the
proximal femur and a false profile view of the acetabulum.
Lateral proximal femoral views include frog-lateral, 45°, and
90° Dunn lateral views (Fig. 3).

The classic indicators of cam morphology FAIS are
increased alpha angle (>50°) and reduced femoral head-neck
offset.'%* A head-neck offset ratio of less than 0.17 indi-
cates the presence of cam morphology.'® Acetabular over-
coverage in pincer-type FAIS can be evaluated by radiography
as well. Generalized over-coverage is measured by a lateral
center-edge angle on AP radiographs with an angle greater
than 40° considered a sign of lateral overcoverage.'”*" The
crossover sign, when the superior portion of the anterior edge
of the acetabulum passes lateral to the posterior edge is indica-
tive of pincer morphology.”’ Coxa profunda, os acetabulum,
and ischial spine sign are also radiographic findings associated
with pincer morphology.””*

Advanced imaging is also useful in the diagnosis of FAIS.
Both magnetic resonance imaging (MRI) and MRI arthrogra-
phy with gadolinium contrast (MRA) are useful for assessment
of FAIS.”"*" MRI is sensitive for detecting joint effusion and
labral pathology. MRI can also detect early cartilage changes

Figure 3 This radiograph demonstrates a bilateral Dunn view of an
adolescent pelvis. Cam morphology with loss of femoral head-neck
offset can be seen bilaterally.
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and is important for early diagnosis of FAIS.”” MRA is more
sensitive for labral pathology and can better visualize joint sur-
face anatomy but is less sensitive detecting subchondral
changes and cannot detect effusion.””*” CT can also be useful
in diagnosis and preoperative planning for FAIs because of the
ability to visualize a 3-dimensional representation of the bony
anatomy of the hip.”” CT can also be used in circumstances
where MRI is contraindicated. However, there remains contro-
versy over the usefulness of advanced imaging in FAIS.***”
Some authors suggest that MRI is an unnecessary medical
expense and adds little value to a quality history, physical
exam, and radiographic imaging.”® Others argue that MRI
remains the gold standard for diagnosis and is an important
tool in the diagnosis of FAIS, especially for less-specialized
general practitioners.”” Ultrasound has been shown to be
effective in detecting cam morphology in patients presenting
with FAIS symptoms but depends heavily on operator experi-
ence and skill."’ The use of intra-articular injections of short
acting anesthetic has also been proposed as a method to aid
diagnosis of pathology localizable to the hip joint.”**
Imaging studies on adolescents should be evaluated for
markers of skeletal immaturity and specific conditions related
to skeletal immaturity that can mimic or complicate FAIS. The
proximal femoral physis closes around age 14 to 16 and the tri-
radiate cartilage generally closes around age 16.”"* It is not
uncommon to see an incompletely fused physis or physeal
remnant during arthroscopy in skeletally immature patients
(Fig. 4). An os acetabuli, a bony fragment at the acetabular rim,
is proposed to be caused by incomplete fusion of secondary
ossification centers of the acetabulum or repeated microtrauma
due to impingement in either cam or pincer anatomy. 7 Os ace-
tabuli can be resected during hip arthroscopy or repaired via
internal fixation if large.”" A common variant seen in skeletally
immature patients is a supraacetabular fossa (SAF), an accessory
bony fossa in the roof of the acetabulum, usually at the 12
oclock position. The SAF is present in 10.5% of patients

Figure 4 This arthroscopic image shows the appearance of the open
physis in an adolescent patient during femoroplasty.

undergoing hip MRI and may be misinterpreted as an acetabu-
lar cartilage defect” (Fig. 5). Most disappear by the third
decade, as it has been suggested that the SAF is a normal variant
of the immature skeleton that fills in with skeletal maturation.”

Apophyseal avulsion fractures may occur at the anterior
inferior iliac spine (AIIS), anterior superior iliac spine, or
lesser trochanter of the femur.” " Although uncommon,
these injuries can cause hip pain and should be included in
the differential for FAIS in adolescent patients. Additionally,
this pathology can contribute to and complicate hip impinge-
ment. AIIS hypertrophy and overgrowth after apophyseal
avulsion fracture has been proposed as a mechanism of sub-
spine impingement; an extra-articular hip impingement,
where the overhanging AIIS contacts the neck of the femur
limiting flexion™ (Fig. 6). Similar pathology can occur after
ischial tuberosity or lesser trochanter avulsion causing ischio-
femoral impingement, although this is less common.

It is also important to note that there is a high prevalence
of impingement morphology in the asymptomatic popula-
tion. In adolescents from 10 to 18 years old without hip pain
17% met criteria for cam impingement, with a higher preva-
lence in males than females (24% vs 10%). In the same
study, 32% met criteria for pincer morphology, with no sig-
nificant difference between genders. Among these 6% had
combined morphology. These data are similar to reported
prevalence of impingement morphology in asymptomatic
adults.”' The prevalence of impingement morphology may
be even higher in adolescent athletes. A study of asymptom-
atic competitive youth soccer players found a prevalence of
cam and pincer morphology of 78% and 11%, respectively.”

Treatment

Many cases of FAIS in adolescent patients improve with con-
servative treatment.””"” Conservative management involves

!
!
i

-’

Figure 5 An MRI arthrogram with intra-articular gadolinium con-
trast demonstrates the appearance of a supraacetabular fossa.
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Figure 6 This radiograph shows an AIIS avulsion, with significant
overgrowth, likely causing impingement.

a stepwise approach that included rest, anti-inflammatory
medication, physical therapy, and modification of activities
of daily living and sports activities.*” Conservative therapy
for FAIS does not necessarily improve patient range of
motion but did improve function and symptoms. Physical
therapy for FAIS includes stretching and strengthening of
hip adductors and external rotation muscles. Lifestyle modi-
fication includes avoidance of running and cycling or modifi-
cation of these activities to adopt a technique involving more
external rotation and less internal rotation and extreme flex-
ion.”” Intra-articular cortisone injections are also a common
treatment for patients with FAIS; however, current research
suggests that these injections have limited benefit in some
cases.”" While conservative treatment is the mainstay of
treatment for FAIS, adolescent patients with large deformities
and significant damage may ultimately require surgical treat-
ment. One study concluded that in adolescent athletes
undergoing conservative treatment for labral tear and FAIS,
including PT, intra-articular injections, and activity modifica-
tion, only 9.2% avoided surgical intervention.*’

Surgical treatment for FAIS has been shown to be safe and
effective in adolescents. Surgical techniques for FAIS include
open surgical dislocation, a limited anterior decompression
(mini-open), or arthroscopy.” ™ These methods have been
shown to be effective and safe in adolescent populations.”™”
Arthroscopic treatment has grown in utilization and efficacy. It
has been shown to have lower reoperation and complication rates
than open procedures.”””" For most cases of FAIS in adolescents,
arthroscopic treatment is now considered the gold standard.

The fundamental surgical concept in the treatment of
symptomatic FAIS is the correction of the morphology

leading to impingement (Fig. 7). Residual deformity is
among the most common reasons for failed surgery and
need for revision.”””> Labral tears, present in 91.4%-100%
of adolescent athletes with FAIS undergoing surgical inter-
vention, may be treated with repair, refixation, or debride-
ment.”* Labral preservation is essential to the function of the
hip and inferior results have been reported after labral
debridement.”* Chondral damage and delamination are also
often present in FAIS patients.” Low-grade lesions are more
common and treated with chondroplasty; full thickness
lesions are relatively uncommon (3%-4%) and can be treated
with microfracture although additional treatment options are
under investigation.”””

In adolescent patients, the overall risk of complications
from surgical intervention for FAIS is low, a rate of 3.6% was
reported for all complications and most were minor.’” This
rate is similar to the reported complication rate in adults.”
There are certain risks to surgical intervention for FAIS in
adolescent patients that do not exist in the adult population.
These include the potential to cause premature physeal clo-
sure, iatrogenic SCFE, or femoral head avascular necro-
sis.'*”" These complications are extremely rare in practice,
with no incidence reported in a review of 435 hips.”” Femo-
ral neck fracture after excessive femoroplasty has been
reported in the adult patients but very rarely (0.6%).”
Increasing age has been shown as a risk factor.”” Limiting the
femoroplasty to less than 30% of femoral head diameter
helps to avoid this complication.”® Neurapraxia after hip
arthroscopy (16.4%) is commonly seen although usually
transient and not clinically significant.”® Other complications
include impaired wound healing, dyspareunia, and deep vein
thrombosis. ™

Outcomes

Surgical treatment for FAIS in adolescents has good out-
comes. In a study of 122 consecutive hips, Byrd et al
reported a 96% rate of improvement in symptoms among
adolescents after hip arthroscopy. Mean modified Harris Hip
Scores (mHHS) improvement was 25.9 points. Additionally,
75% of patients had a final mHHS above 95, this compared
favorably to 30% among the adult control group. Only 4

Figure 7 This set of Dunn lateral radiographs shows the femoral
head morphology in a FAIS patient before and after arthroscopic
femoroplasty. The goal of surgical intervention is to restore femoral
head sphericity.
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adolescent patients required revision surgery.’ Perets et al.
report similarly positive outcomes among adolescents. This
study reported an average mHHS improvement of 16.4 and
mean satisfaction score of 7.5 out of 10. Additionally, they
reported an 85% rate of return to sport.”” Phillipon’s study
of 60 patients also showed significant improvement in
mHHS from 60 to 91 on average.” This study also noted
worse outcomes in female adolescent patients, and an
increased rate of revisions for female patients.” An additional
factor in outcomes for adolescent patients compared to adult
counterparts is continued clinical improvement reported
more longer than 2 years after surgery.””

In reviews, surgical treatment for adolescents with FAIS is
highly effective, 100% of patients treated arthroscopically
reached near normal or normal levels of function post surgi-
cally 79%-100%." Ninety eight percent of adolescents were
able to return to activity.”’ Among athletes, a high percent-
age are able to return to sport, 88%-93%, and a majority are
able to return to their preinjury level of competition, 74%-
89%.°°" Additionally, in studies of pediatric athletes, 95%
were able to return to sport.”’ However, athletic performance
after FAIS surgical intervention remains largely unreported.”’
There was no meaningful difference in outcomes between
male and female adolescent patients.”*

Conclusion

FAIS is an important source of hip pain among adolescent
athletes. The repeated pathologic impingement seen in FAIS
can lead to acetabular labrum and hip joint damage joint
damage. FAIS causes symptoms in adolescent athletes as well
as early onset osteoarthritis of the hip. It is important that
physicians recognize and properly evaluate FAIS including
natural history, physical exam, and imaging studies. Imaging
findings consistent with cam or pincer lesions on plain film
radiographs remain the foundation for diagnosis of adoles-
cent athletes presenting with FAIS. Arthroscopic treatment
for FAIS in adolescents has been shown to be safe and effec-
tive, with overall good outcomes and low complication rates.
Arthroscopy for FAIS has been effective in allowing adoles-
cent athletes return to competitive sport.
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