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Introduction

The etiology of hip pain in an older adult is frequently from osteoarthritis (OA), and the 

etiology is generally either “wear and tear” or idiopathic. Hip OA can also result from 

morphometric abnormalities of the hip, including congenital hip dislocation, Legg-Calve-

Perthes disease and slipped capital femoral epiphysis (SCFE). However, research over the 

past fifteen years have found that idiopathic hip OA may be due to more subtle 

abnormalities of the proximal femur and acetabulum (1–3) that can lead to premature 

degeneration of the hip joint. Overtime, these morphometric abnormalities can put stress on 

the hip joint and the clinical syndrome of femoroacetabular impingement (FAI) can develop.

The review criteria for this manuscript included searching the ISI and Pubmed databases for 

published original and review articles related to FAI. Search terms included FAI in 

combination with cam impingement, pincer deformity, epidemiology, imaging, treatments 

both nonsurgical and surgical. The citations from these articles were used to identify other 

articles.

Definition

FAI is a clinical syndrome in which the anatomic abnormalities of the femoral head and/or 

the acetabulum result in an abnormal contact between the two during hip motion, especially 

in positions of hip flexion and rotation, leading to cartilage and labral damage and hip pain 

(3). Three types of morphologic abnormalities can occur in FAI: Cam, Pincer, and Mixed. 

Cam deformity is characterized by an abnormal/aspherical morphology of the proximal 

femur. Pincer deformity is characterized by focal or general overcoverage of the femoral 

head by the acetabulum. The third type of FAI, mixed, is a combination of cam and pincer 

impingement characteristics (3–12). Abnormal contact between the femoral head and 

acetabular rim results in supraphysiologic stress that tears the acetabular labrum and 

delaminates the acetabular articular cartilage from the underlying bone (2, 13). Over time 
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this repetitive mechanical insult to the articular tissues leads to hip degeneration and 

development of hip OA (14).

Epidemiology

Multiple large cohort studies have reported the prevalence of cam and pincer deformities in 

the population using different radiologic criteria [described in imaging section]. The 

magnitude of the cam deformity of the femoral head is most commonly assessed with the 

radiologic alpha angle and the magnitude of the pincer deformity of the acetabulum is most 

commonly assessed with the radiologic lateral center edge angle (LCEA). Using a cut-off of 

MRI measured alpha angle of > 50.5° for defining the presence of a cam deformity, Hack et 

al. studied a cohort of 400 hips from 200 of asymptomatic adults without a history of 

childhood hip disease (mean age 29.4 years, 79 % white, 55.5 % women) (7) and reported a 

prevalence of cam deformity of 14%, of which 79 % were men. In a study of 3,620 adults 

(mean age 60 years, predominantly white, 63.2 % women) without a history of childhood 

hip disease, Gosvig et al. reported a prevalence of 19.6 % and 5.2 % for cam deformity in 

men and women respectively (15) using a radiographic measure they developed called the 

triangular index (16). In a cohort of older men with an average age of 77 years, Nardo et al. 

reported cam deformity prevalence of 57.2% using a definition of impingement angle < 70° 

and the caput-collum diaphyseal (CCD) angle < 125°; a pincer deformity prevalence of 29% 

using a definition of lateral center edge angle (LCEA) > 39° and the Tönnis angle > 0°; and 

a mixed cam/pincer type deformity of 13.7% (17). The epidemiology of symptomatic FAI 

was recently evaluated in a cross-sectional study of 1076 subjects from clinical practices in 

the United States that underwent surgery. The authors reported that 55% of the population 

were female, average age of 28 years, 47.6% had cam type impingement, 44.5% had 

combined cam/pincer, and 7.9% had pincer deformity (18).

Developmental anatomic variations of the acetabulum and proximal femur have long been 

associated with the development of hip OA (20–22). Recently, Agricola et al. estimated the 

association of cam and pincer deformities with hip OA in a cohort of 1002 subjects with 

early hip or knee idiopathic OA (19, 20) and reported than an alpha angle > 60° was 

associated with an odds ratio (OR) of 3.67 for end-stage hip OA and an alpha angle > 83° 

with an OR of 9.66 (19). A combination of alpha angle > 83° and hip internal ≤ 20° had a 

positive predictive value of 52.6 % for end-stage hip OA. They did not find pincer deformity 

(LCEA > 40°) to be associated with hip OA (20). Contrary to this, Nardo et al. reported that 

both pincer and mixed types were associated with prevalent radiographic hip OA in elderly 

men, but not cam deformity (17).

Currently, the radiologic definitions used to assess morphometric deformities, different 

radiologic views and the selection of the study population differ in the published studies and 

they may explain the different associations reported for risk of hip OA.

Pathogenesis

The pathogenesis of FAI is currently still under investigation. However, certain factors 

including pediatric hip diseases, high-impact athletic activities during growth, and genetic 

factors have been proposed. SCFE has been proposed to be a risk factor for development of 

Pun et al. Page 2

Arthritis Rheumatol. Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



cam type FAI (21–23); and in some cases surgical over-correction of a hip dysplasia may 

lead to a pincer type FAI (24). Recently, there have been reports that athletes with excessive 

participation in high-impact sports, like soccer, basketball and ice hockey during 

adolescence when the skeleton matures, have a higher prevalence of FAI when compared to 

non-athletes (25–30). Agricola et al. studied elite soccer players, mean age 14.4 years, for 2 

years and observed (31) an increased prevalence of cam deformity defined by an increase in 

the alpha angle (59.4° to 61.3°) (37). The increase in severity or prevalence of the cam 

deformity was not seen after closure of proximal femoral growth plate. They suggested that 

an alteration of athletic activities during skeletal growth may prevent formation of cam 

deformities. Other investigators have reported similar observations of elevated alpha angle 

in both high level ice hockey and basketball players compared to age-similar controls (27–

29). The mechanism for development of the cam deformity in adolescent athletes is thought 

to be either new bone formation at the anterosuperior head-neck junction or changes in the 

shape of the growth plate due to high shear forces at the growing hip during these athletic 

activities.

The genetic contribution of FAI has also been evaluated. Pollard et al. observed a relative 

risk ≥ 2 for having a cam or pincer deformity in siblings of patients with cam or pincer-type 

FAI (32). Dudda et al. reported that morphometric evidence of FAI was more common in 

white women compared to Chinese women (33). Baker-Lepain reported that allele variants 

in wnt/Beta catenin signaling antagonists, a cell signaling pathway that directs the 

development of both bones and joints, are associated with the shape of the proximal femur 

and that also later in life with hip OA. These studies suggest a genetic influence on the 

pathogenesis of FAI and further work in this area is warranted (34).

Clinical Presentation

The clinical presentation of FAI is most often anterior or anterolateral hip pain that refers to 

the groin and occasionally radiates down the anterior thigh (35–37). Patients may use the “C 

sign” and grasp the affected hip with their hand indicating both anterior and posterior hip 

pain. Children can have difficulty describing the location of symptoms and hip pathology 

may be described as thigh or knee pain, or a limp after activity. Adults often relate the hip 

discomfort to associated “stiffness”. Accordingly, the hip pain is increased in positions and 

activities requiring hip flexion and/or internal rotation. Activities such as sitting, driving, 

and squatting can aggravate symptoms. If enough intra-articular damage has occurred, such 

as a labral tear or chondral damage, then mechanical symptoms such as clicking or catching 

of the hip may be present. Occasionally, a patient may present with a tight psoas tendon or a 

tight iliotibial band that on physical examination will have a palpable or audible snapping on 

range of motion of the hip with or without hip pain.

On physical examination, gait patterns, hip range of motion, and lower extremity muscle 

strength are assessed on both lower extremities so that comparisons can be made (38, 39). 

During gait, an abductor lurch or Trendelenberg test may indicate hip abductor weakness on 

the affected side. Hip range of motion is assessed with the patient supine. Decreased hip 

flexion less than 90° and decreased internal rotation of the hip are associated with FAI (36, 

37, 40, 41). Clohisy and colleagues have described the average hip flexion in FAI is 97° and 
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average internal rotation in flexion is 9° (37). Agroicola et al. reported that hip internal 

rotation < 20°(at 90°of knee flexion) in presence of an alpha angle > 83°was highly 

predictive of the development of hip OA (19). The anterior impingement test, in which the 

hip is flexed to 90°, internally rotated and adducted, will elicit pain in the anterior hip or 

groin when a compromised acetabular labrum is pinched between the acetabular rim and the 

femoral neck in this position (38, 42). Eight-eight percent of patients with FAI will have a 

positive anterior impingement test (37). There is often pain from trochanteric bursitis that 

results from a tight iliotibial band.

It is important throughout the focused hip examination to verify with the patient that each 

provocative test recreates the specific symptoms that typically bother them. Not 

infrequently, palpation of bony prominences such as the greater trochanter or stretching of 

the hip flexor or hamstring muscles will create discomfort that is distinctly different from 

the typical deep, anterior or anterolateral groin pain resulting from FAI.

It is also important to keep in mind that the presentation and positive physical examination 

findings of FAI can also be found in other types of hip pathology such as acetabular 

dysplasia. The patient with acetabular dysplasia can also have an abductor lurch and a 

positive anterior impingement test indicative of labral pathology. However, hip range of 

motion in flexion and internal rotation is more severely restricted in FAI as compared to 

acetabular dysplasia.

Diagnostic Imaging

Plain Radiography

When the history and physical examination suggests that pain is from an intra-articular 

location, then plain radiographs should be the next step in evaluation of the patient with hip 

pain. Plain radiographs provide a simple method of assessing acetabular and femoral 

anatomy, and to identify the presence of hip OA (43). Standardized anteroposterior (AP) 

pelvis radiographs are obtained with the patient positioned supine with the legs internally 

rotated 15°and the x-ray beam centered between the femoral heads. Standing AP pelvis 

radiographs can reveal the functional position of the hips, as patients may adjust pelvic tilt 

while standing in a weight-bearing position to compensate for suboptimal hip function. On 

an adequately properly positioned AP pelvis with appropriate pelvic tilt, the distance 

between the superior border of the pubic symphysis and the sacrococcygeal joint should 

measure approximately three to five centimeters (44).

Several different hip radiographic views are helpful to evaluate proximal femoral 

morphology in presence of suspected cam deformity. The 45° Dunn lateral view (Fig. 1a) 

best demonstrates the area of greatest cam deformity at the anterolateral region of the 

femoral head neck junction, whereas frog-leg lateral hip radiographs (Fig. 1b) best 

demonstrate any anterior cam deformity (5, 45, 46). The alpha angle (Fig. 1a), which 

measures the degree of asphericity at the femoral head neck junction, is assessed on these 

lateral radiographs (5, 45–47) (Fig 1a). The alpha angle was first described on an axial MR 

image (47) but has been since described for radiographs and CT. Varying thresholds (50° – 

83°) for the alpha angle have been suggested with 55° being the most common (15, 16, 47–
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50). Increasing alpha angle beyond 60° has been correlated with both decreased hip internal 

rotation in flexion as well as more severe acetabular articular cartilage damage seen during 

surgery (51–53).

In pincer deformity, global acetabular overcoverage may be demonstrated by an LCEA 

greater than 40°and a Tönnis angle that is less than 0°. The LCEA and Tönnis angle are 

assessed on an AP pelvis radiograph. The LCEA is an angle that quantifies lateral femoral 

head coverage (Fig. 2a) and the Tönnis angle quantifies the obliquity of the acetabular roof 

(Fig. 2b). A normal acetabulum demonstrates an LCEA between 25° and 35°and a Tönnis 

angle between 0° and 10°(54, 55).

Acetabular retroversion leads to antero-superior over-coverage of the femoral head (56, 57). 

Reynolds et al. described this deformity as a potential cause of labral and chondral damage 

and hip pain (56). Normal acetabular version is defined by the posterior wall of the 

acetabulum passing through the middle of the femoral head, and the anterior and posterior 

walls of the acetabulum meeting at the lateral acetabular rim. An illustration of acetabular 

retroversion by Reynolds et al. (61) is worth a review. Acetabular retroversion presents with 

a positive cross-over sign (Fig. 2c) a positive posterior wall sign (Fig. 2d), and a positive 

ischial spine sign (Fig. 2e) (58).

These skeletal deformities lead to damage to other articular tissues in the hip joint with 

repeated hip motion during daily and athletic activities. However, radiography is ineffective 

at detecting cartilage or labral defects in individuals with FAI necessitating the use of MRI 

or MRA.

Clinical Magnetic Resonance Imaging (MRI)

When plain radiographs show signs of morphometric abnormalities of the proximal femur or 

acetabulum and the history and examination suggest FAI, MRI and MR arthrography 

(MRA) can demonstrate associated labral (Fig 3a) and articular cartilage damage (Fig 3b), 

provide 3D assessment of the bony deformity and presence of impingement cysts (Fig 3c), 

and aid in appropriate in surgical planning. MRI protocols are available for the evaluation of 

FAI of the hip (59–64). Alternatively, MRI can be helpful in distinguishing other causes of 

hip pain from FAI, especially in cases where the clinical presentation, physical exam and 

plain radiographs are non-diagnostic. Diagnoses such as psoas tendinitis, abductor 

tendinopathy, and greater trochanteric bursitis will appear with increased signal on T2 

weighted images in the affected anatomic regions.

A pre-operative MRI imaging study was performed in 28 patients at 1.5 Tesla field strength 

and found MRA (sensitivity 81% and 69% and specificity 50–100% for 2 readers), to be 

superior to conventional non-contrast MRI (sensitivity and specificity of 50% for both 

readers) for detection of labral tears that were confirmed at arthroscopy (65). A meta-

analysis was performed on 19 studies of the ability of MRI and MRA to accurately detect 

labral tears at 1.5 Tesla, and found that MRA (83%) had higher sensitivity for detection of 

labral tears compared to conventional MRI (70%) (66).
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The difference between MRI and MRA for the detection of cartilage defects in the femur 

and acetabulum found MRA (sensitivity of 71% and 92%, specificity of 100% and 25% for 

2 readers) to be superior to MRI (sensitivity of 58% and 83%, specificity of 100% and 50% 

for 2 readers) for detection of acetabular cartilage defects but no difference for detecting 

femoral cartilage defects confirmed at arthroscopy.

Variability in the results of these studies could be related to differences in the patient 

populations, MRI pulse sequences, and reader experience. However, based on these studies, 

an MRA is recommended for evaluation and assessment of severity of cartilage and labral 

involvement in FAI with a 1.5 Tesla MRI scanner (64). Recent advances have been made in 

clinical MRI pulse sequences at 3.0 Tesla and use of dedicated hip coils has also increased. 

Blankenbaker et al used a cartilage sensitive sequence at 3.0 Tesla in 67 patients and 

reported sensitivity and specificity for the detection of cartilage lesions within the hip joint 

on both the acetabular and femoral cartilage (of 70% and 84% for MRA and 74% and 77% 

for non-contrast MRI) (67). However, the non-contrast MRI had greater accuracy for 

grading the severity of cartilage lesions than the MRA. Studies in larger populations are 

needed to further investigate the accuracy of 3.0 Tesla non-contrast MRI at the hip.

Quantitative Biochemical MRI

Quantitative biochemical MR imaging techniques provide assessment of the proteoglycan, 

collagen, and water content of the cartilage. Early articular cartilage degeneration in hip OA 

is characterized by loss of proteoglycans, disruption of collagen network, and an increase in 

water (68, 69). These early changes cannot be detected by conventional radiography or MRI 

techniques and need techniques for quantitative assessment cartilage matrix composition 

(64).

These MRI techniques include delayed gadolinium enhanced MRI of cartilage (dGEMRIC), 

and non-contrast techniques of T1ρ, T2 or T2* relaxation time mapping. In dGEMRIC, the 

loss of glycosaminoglycans (GAG) in early OA is a shortened T1 relaxation time (T1Gd) 

due to higher concentration of the contrast agent in the cartilage (70). In the non-contrast 

techniques, a loss of proteoglycans is detected as an increase in cartilage T1ρ relaxation 

times and a disruption of the collagen orientation with increased water content is detected as 

an increase in the cartilage T2 relaxation times (71–73). T2* is similar to T2 but is more 

sensitive to susceptibility artifacts; and hence may be able to detect the deposition of 

calcium hydroxyapatite and fibrocartilagenous transformation at the osteochondral junction 

(74). These changes lead to shortening of the T2* times. Using these biochemical MRI 

techniques studies have reported (a) lower T1Gd values from dGEMRIC in the 

anterosuperior region in cam-type FAI, lower T1Gd values globally in pincer-type FAI, and 

negative correlations between alpha angle and T1Gd of the anterosuperior region (75–78), 

(b) higher T1ρ and T2 of both the femoral and acetabular cartilage in subjects with 

symptomatic FAI compared to controls, especially in the anterosuperior region (79), and (c) 

lower T2* in regions of acetabular cartilage damage identified during arthroscopy in 

symptomatic FAI subjects without radiographic OA (74) and in subjects with cartilage 

lesions (80–83).
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Currently, there are technical challenges associated with quantitative hip imaging including 

a lack of standardization of data acquisition across sites and scanners that limit their use to a 

few research groups.

Functional Movement Patterns

Since mechanical loading during functional activities contributes to the pathogenesis of FAI, 

objective biomechanical evaluation of functional movement patterns may benefit the 

assessment of patients with FAI. Studies using motion analysis techniques report lower hip 

joint moments, an estimate of loading across the hip joint and reduced joint motion during 

walking and squatting activities in symptomatic FAI (cam, pincer, and mixed) populations 

when compared with healthy controls (84–86). These biomechanical deviations have been 

attributed to the presence of cartilage lesions (87), soft-tissue fibrosis/scarring, pain, 

stiffness, and movement compensations due to muscular weakness (84).

Treatment Options

Non-surgical

The symptoms in individuals with FAI may arise from damage to soft-tissues like the 

labrum and cartilage during daily or athletic activities. Hence, there may be a role for 

conservative care to reduce hip pain, improve symptoms, and reduce disability by focusing 

on activity modification, movement pattern retraining, muscle flexibility, muscle 

strengthening, and pain management (88, 89). Wall et al. performed a systematic review of 

the literature of non-surgical interventions for FAI (89). The authors concluded that staged 

exercise-based physical therapy programs, along with analgesic therapy and education, can 

benefit patients with FAI. However, the quality of studies was either low or very low.

Clinical practice guidelines for non-arthritic hip joint pain have recently been published by 

the Orthopaedic section of the American Physical Therapy Association (APTA) (90). The 

hip pain conditions include FAI, structural instability, labral tears, chondral lesions and 

ligamentous tears. Due to the paucity of randomized controlled trials of physical therapy for 

FAI and hip pain, these recommendations are based on theoretical/foundational evidence 

and expert opinion. The APTA recommendations include (a) patient education and 

counseling on joint protection strategies and avoidance of symptom-provoking activities (b) 

manual therapy for capsular restrictions while avoiding end-range flexion and internal 

rotation, (c) therapeutic exercises and activities including stretching strengthening (based on 

any observed asymmetry in rotation), and cardio-respiratory endurance exercises, and (d) 

neuromuscular re-education that focuses on multi-joint patterns to improve movement 

coordination. There may also be a role for physical therapy post-arthroscopic surgery for 

individuals with FAI with at least one randomized controlled trial currently underway (91). 

However, validation of these recommendations will require randomized trials of 

conservative care in the individuals with FAI.

Surgical

Surgical treatment of FAI is aimed at correcting the anatomic abnormalities causing 

pathologic mechanics of the hip joint and to repair any associated soft tissue damage. The 
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goal of surgical correction is to halt degeneration of the joint and to prevent hip OA. Success 

of surgical treatment is most dependent on the amount of pre-existing joint damage.

Hip arthroscopy is a minimally invasive technique for recontouring the acetabulum and 

proximal femur, and for addressing intra-articular damage. Arthroscopic techniques have 

been developed to decompress both the prominent bone along the femoral head-neck 

junction in cam FAI (Fig. 4a and 4b) as well as to trim the acetabular rim in pincer FAI. 

Short- and moderate term outcomes of hip arthroscopy for correction of FAI deformities 

have been published. Corrective femoral osteochondroplasty to resect a cam deformity from 

a mean alpha angle of 59.8°to 36.4°improved significantly improved hip range of motion in 

flexion (3.8°; P = .002) and internal rotation (9.3°; P = .0002) (92). Similarly, femoral 

osteochondroplasty with selective acetabular rim resection improved internal rotation of the 

hip from 9.9° ± 6.6° preoperatively to 30.1° ± 5.3° at 3 months after surgery (P < .001) and 

hip flexion from 115.7° ± 13.3° preoperatively to 127.9° ± 6.6° at 3 months postoperatively 

(P < .003) (52).

Arthroscopic labral repair (Fig. 4c and 4d) has been shown to be superior to labral 

debridement in short and moderate term studies. Schilders and colleagues demonstrated that 

in 96 patients at mean follow-up of 2 years, the labral repair group had a mean Harris hip 

score (HHS) improvement of 7.3 points greater than in the labral debridement group (93). 

Larson and colleagues similarly demonstrated in a case control study that subjective 

outcomes were significantly improved for both groups compared with preoperative scores, 

but the HHS, SF-12 and Visual Analog Scale (VAS) pain scores were all significantly better 

in the labral repair group compared to the labral resection group at mean 3.5 years’ follow-

up (94).

Surgical dislocation of the hip, in which the femoral head is surgically dislocated from the 

acetabulum, providing 360° access to FAI pathology, is a useful technique to address global 

acetabular overcoverage and femoral cam deformity that is not easily accessible by 

arthroscopic means. Safe surgical dislocation of the hip with low rates of complications was 

first described by Ganz and colleagues, and allows for global access to intra- and extra-

articular deformities of the hip (95). Moderate term follow-up at 3–5 years shows that 

surgical dislocation of the hip for femoral osteochondroplasty, acetabular rim-trim, and 

labral repair or debridment leads to significantly improved hip range of motion, radiographic 

parameters, and clinical outcomes comparable to hip arthroscopy (96–100).

In cases of acetabular retroversion causing pincer FAI, reverse periacetabular osteotomy 

(PAO) is a surgical method of completely reorienting the acetabulum to alleviate the anterior 

impingement. The reverse PAO involves cutting the bone around the acetabulum, freeing it 

from the rest of the pelvis, and then re-positioning the acetabulum to decrease both lateral 

and anterior femoral head coverage, as well as to antevert the acetabulum. Siebenrock and 

colleagues reported significant clinical and radiographic improvements thirty months after 

reverse periacetabular osteotomy to antevert the acetabulum. There was a significant 

increase in the average range of internal rotation (10°, p = 0.006), flexion (7°, p = 0.014), 

and adduction (8°, p = 0.017) and improvement in the average Merle d’Aubigne score (101). 

This technique may be especially useful in hips with a positive posterior wall sign indicating 
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a deficient posterior acetabular wall, in which case an acetabular rim-trim would potentially 

decrease the size of the acetabulum and create iatrogenic instability of the hip.

When FAI has resulted in severe hip OA with joint space width of less than 2 mm, then the 

outcome of hip preservation surgery is much less successful. In patients 50 years of age and 

older, minimum joint space as measured on pre-operative radiographs is the most accurate 

predictor of early failure from hip arthroscopy. Joint space of 2 mm or less predicted with 

81% accuracy that 31 out of 96 patients aged 50 and older undergoing hip arthroscopy 

eventually needed a subsequent total hip replacement by median 54 month follow-up (102). 

In patients with moderate to severe radiographic and clinical symptoms of hip OA, a total 

hip replacement remains the treatment of choice for a long-lasting solution for symptomatic 

and functional improvement.

In summary, FAI is a common cause of hip pain that may begin in adolescence and continue 

through adulthood and overtime may accelerate the development of hip OA. The diagnosis 

of FAI requires both a physical examination and imaging. Currently the efficacy of the 

surgical procedures is limited to a hip joint with little or no evidence of OA. Questions 

remain on the epidemiology, diagnostic imaging, and treatments for FAI and more research 

is needed to better comprehend this entity. To assist patients with FAI in receiving 

appropriate treatment; education of primary health care providers to recognize FAI and refer 

the patients to specialists in a timely manner is warranted.
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Fig. 1. 
Lateral Hip Radiograph (A) 45°Dunn Lateral Hip Radiograph with alpha angle 

measurement. First the femoral neck axis (line connecting the center of the femoral head and 

the mid point of the narrowest part of the femoral neck) is defined. Next a circle is fit to the 

femoral head. Alpha angle is then measured as the angle between the femoral neck axis and 

the line from the center of the circle to the point where the bony contour first appears outside 

the best-fit circle, and (B) Frog Leg Lateral Radiograph
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Fig. 2. 
Acetabular measures on AP Pelvis radiographs (cropped) (A) Lateral center edge angle 

(LCEA), with its vertex at the center of the femoral head, and is the angle between a vertical 

line to the pelvis and another line that extends to the lateral extent of the acetabular roof, and 

(B) Tönnis angle is between a horizontal line connecting the two femoral heads and a line 

connecting the medial and lateral extents of the acetabular roof (C) Crossover sign in which 

the anterior wall projects lateral to the posterior wall before converging at the lateral 

acetabular sourcil,, (D) Posterior wall sign in which the posterior acetabular wall is medial 

to the center of the femoral head, and (E) Ischial spine sign in which the ischial spine is 

visible within the pelvic inlet on the AP pelvis.
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Fig. 3. 
Coronal MRI of the hip (A) labral tear, (B) Cartilage lesion, and (C) Radial reformatted MRI 

showing cam deformity and impingement cysts at femoral head-neck junction

Pun et al. Page 18

Arthritis Rheumatol. Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig 4. 
Hip arthroscopy for FAI (A) Cam deformity seen during hip arthroscopy with overlying 

chondromalacia and asphericity of the femoral head-neck junction, and corresponding 

fluoroscopic image, (B) After hip arthroscopy for femoral osteochondroplasty to restore 

femoral head-neck offset, (C) Acetabular labrochondral separation before repair, and (D ) 

After arthroscopic labral repair of labrochondral separation
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