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Abstract

Background Cam-type, pincer, and mixed femoroace-

tabular impingement (FAI) are accepted causes of labral

and acetabular rim injury; however, the abnormal contact

stresses associated with motion may damage other areas of

the hip. Although cartilage damage to the femoral head has

been reported previously in athletes, FAI-associated focal

parafoveal chondral defects differ from previously reported

lesions and represent a rare manifestation of the complex

pathomechanics associated with FAI.

Questions/Purposes We describe the clinical, radio-

graphic, and surgical characteristics of a rare focal

anterolateral parafoveal femoral chondral defect associated

with FAI.

Methods We retrospectively reviewed 10 patients with

symptomatic FAI diagnosed with this unique focal defect

confirmed at the time of surgical dislocation. Patients

presented with hip pain, clinical findings of FAI, and,

frequently, with an identifiable lesion on MRI arthrogra-

phy. The minimum clinical followup was 12 months

(mean, 29 months; range, 12–72 months).

Results The consistent characteristics of these lesions

associated with FAI differ from previously reported fem-

oral chondral damage reported after hip dislocation or

lateral impact in that there was no discrete injury such as a

fall or dislocation/subluxation, no associated traumatic

femoral lesion, and all were localized to the posterosupe-

rior femoral head. Eight of 10 were diagnosed

preoperatively using MR arthrography.

Conclusions Despite radiographic similarities to findings

of osteoarthritis and osteonecrosis, these FAI-associated

femoral chondral defects were amenable to surgical

reconstruction using first- or second-generation cartilage

repair techniques during surgical treatment of impinge-

ment. The etiology of these lesions may be related to

complex intraarticular forces generated by FAI-associated

transient hip subluxation or forceful nonconcentric motion.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Osseous pathomorphologies, including femoral and ace-

tabular deformity, that contribute to femoroacetabular

impingement (FAI) are increasingly diagnosed [2]. Labral

and acetabular damage caused by FAI is increasingly rec-

ognized as a source of pain and osteoarthritic changes in
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the hip [8]. Anatomic variations associated with FAI and

premature osteoarthritis of the hip are established [13]. The

mechanical consequence of FAI may be activity-specific

affected by the direction and magnitude of force necessary

to perform certain motions. Consequently, the specific

chondral injury pattern associated with each unique ana-

tomic deformity may differ between patients.

Damage to the acetabular labrum and the adjacent ace-

tabular cartilage follows typical damage patterns of both

cam and pincer FAI. Additionally, characteristic femoral

chondral fibrocystic changes, today called impingement

cysts [11], previously named herniation pits, are localized

at the head-neck junction distal to the physis and frequently

visible radiographically [11, 12, 15, 18]. Histologically

these lesions consist of proliferative fibroblasts forming

either dense fibrous tissue or gelatinous tissue.

Lamontagne et al. [10] have reported the mechanical

consequence of cam-type FAI. Analysis of hip and pelvic

motion during maximum squat demonstrates patients with

cam-type FAI have less sagittal plane motion and

decreased depth of squatting compared with nonimpinging

hips. Similarly, Kennedy et al. [9] demonstrated decreased

peak hip abduction, decreased frontal ROM, and attenuated

pelvic roll in cam-type FAI compared with controls. In a

novel motion capture analysis performed in a professional

ballet dancer with normal hips, Charbonnier et al. [4, 5]

demonstrated transient subluxation of the hip in certain

ballet positions, especially those involving abduction and

external rotation in maximum flexion. These findings

suggest translational hip motion is associated with FAI.

Translation depends on multiple factors including femoral

and acetabular anatomy, activity-specific motions, force,

direction, and momentum. We suggest impingement

induces instability and translation by noncongruent hip

motion. When the femur begins to rotate around an

impingement point, this leads to translation between the

femur and the acetabulum that induces complex pathologic

forces leading to hyaline cartilage deformation that may

produce the described femoral head cartilage lesions. Such

high contact stresses associated with these abnormal

motions may produce unique lesions.

In addition to using first-generation microfracture tech-

niques, one of us recently reported a technique to treat focal

defects using autologous matrix-induced chondrogenesis

(AMIC), a second-generation bone marrow stimulation

technique [14]. We found the AMIC technique was capable

of restoring chondral tissue within femoral chondral defects

associated with a variety of pathologic conditions.

The purpose of this article is to describe the pathologic

characteristics, MRI findings, and surgical management of

a unique femoral-sided chondral lesion localized adjacent

to the fovea found in a subcohort of young patients who

perform activities that share hip motion associated with

substantial force and rapid limb velocity. These cases

provide further insight into the mechanical and pathologic

sequelae of FAI and are differentiated from end-stage

arthritic changes that are well-recognized radiographic and

pathologic findings associated with hip arthritis.

Patients and Methods

Between January 2003 and December 2010 we treated

approximately 600 patients with surgical hip dislocations

for symptomatic FAI performed at two institutions by the

authors. We excluded patients diagnosed with intraarticular

synovial and neoplastic disorders, posttraumatic deformi-

ties, postinfectious etiology, and childhood-related

disorders including slipped capital femoral epiphysis,

Legg-Calve-Perthes disease, and epiphyseal dysplasia. Ten

patients who presented for surgery to treat painful FAI had

associated full-thickness parafoveal chondral lesions

localized anterolateral to the fovea confirmed at the time of

surgical dislocation. All patients had a component of cam-

type FAI and eight of the 10 femoral lesions were diag-

nosed preoperatively by MRI arthrography (Table 1).

There were seven males and three females (six US, four

Switzerland). Three of these 10 patients were reported in

another series [14] describing the use of AMIC to treat a

variety of femoral chondral lesions associated with multi-

ple pathologic conditions. The average age was

27 years ± 10 months with a range of 16 to 31 years. All

the patients were either athletic or involved in a vocation

requiring rapid or forceful hip flexion. The minimum fol-

lowup was 12 months (mean, 29 months; range, 12–

72 months). No patients were lost to followup. No patients

were recalled specifically for this study; all data were

obtained from medical records and radiographs.

After obtaining the patients’ histories, we had routinely

examined each patient clinically for ROM and hip posi-

tions that reproduced discomfort. With the patient in the

supine position, hip flexion, internal and external in flexion

and extension, and the anterior impingement sign were

assessed. In all patients we obtained supine AP pelvis, false

profile, Dunn lateral plain radiographs, and MR arthrog-

raphy for each patient. The radiographs were assessed for

femoral morphology, acetabular morphology, and the MRI

arthrogram was reviewed for osseous morphology, labral

damage, and the presence of femoral and acetabular

chondral lesions. Standard acetabular and femoral radio-

graphic indices including center-edge angle, crossover

sign, posterior wall sign, and alpha angle were recorded.

At the time of surgical dislocation, performed through a

modified Gibson approach using a trochanteric flip osteot-

omy as described by Ganz et al. [6], the femoral head was

dislocated. In addition to treating the femoral and acetabular
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deformity and any associated cartilage damage, the femoral

lesion was measured across its greatest diameter and its

position relative to the fovea and the depth of injury were

recorded. We also noted the method used to treat each

deformity. The lesions were of varying size, but were all

localized to the posterosuperior femoral head adjacent to the

fovea capitis (Table 2). Seven of 10 patients were treated by

microfracture alone and three were treated using a second-

generation bone marrow stimulation technique [14] that

included marrow cells contained by a bioresorbable mem-

brane. Each patient underwent a femoral head or neck

osteochondroplasty as well as either a labral repair or

débridement depending on the discretion of the treating

surgeon. No patient had an acetabular rim resection to treat

impingement. The choice of cartilage restoration technique

was dependent on the prevailing technique used at each

author’s institution at the time of the surgical dislocation.

After surgery, patients were mobilized as soon as pos-

sible depending on the time of day that the surgery was

completed. Patients were limited to toe-touch weightbear-

ing for approximately 6 weeks to permit time for the

cartilage repair to mature and to allow the trochanter to

heal. For the first 6 weeks, therapy consisted of passive or

actively assisted hip ROM exercises. After 6 weeks and

radiographic confirmation of trochanteric union, progres-

sive weightbearing was encouraged and patients were

instructed, under physiotherapy supervision, in gluteal,

tensor fascia lata, and lower extremity strengthening.

Patients were permitted to begin to return to sport once hip

abductor strength was deemed sufficient.

The patients were reviewed postoperatively at 2 weeks,

6 weeks, 12 weeks, 6 months, and 1 year. At each visit

patients were examined and AP pelvis radiographs were

obtained. We evaluated healing of the trochanter as well as

any evidence of measurable asymmetric joint space nar-

rowing that would be visible on an AP view of the hip.

Tegner and Lysholm activity scale assessment was com-

pleted at 1-year followup.

Results

The lesion size ranged from 96 mm2 to 513 mm2 with a

mean of 184 mm2. The lesion was located in the postero-

superior femoral head lateral and slightly posterior to the

fovea in all 10 patients. All of the patients had femoral

head-neck morphology consistent with cam-type deformity

as described by Beck et al. [2]. Two patients had potential

combined femoral and acetabular deformity consistent with

cam and pincer mechanics. The alpha angle measured on

the AP radiograph ranged from 38� to 75� (mean, 58�). The

lateral center-edge angle range was 26� to 39� (mean, 33�).

The crossover sign was present in seven and the posterior

wall sign was present in six of the 10 patients. All six

patients who had a posterior wall sign had a crossover sign;

one patient with a crossover did not have a posterior wall

sign. The alpha angle observed on lateral radiographs

ranged from 46� to 79� (mean, 53�).

The femoral chondral defect was diagnosed preopera-

tively using contrast-enhanced MR arthrography in eight of

Table 1. Patient characteristics, FAI-associated pathology, and management

Patient

number

Age

(years)

Sex Primary

deformity

AP alpha

angle

LCA Lateral

alpha

angle

PW Crossover FAI pathology Treatment

1 19 M Cam 56 29 49 + + Chondral delamination Débridement, FNO

2 27 M Cam 76 35 52 + + Labral detachment Partial labral débridement,

FNO

3 17 F Combined 61 38 41 � � Labral inflammation FNO

4 20 M Cam 61 39 65 + + Chondral delamination Débridement, FNO

5 17 M Cam 45 33 46 � + Labral detachment,

chondral delamination

Débridement labrum and

cartilage flap, FNO

6 26 M Cam 75 30 76 + + Labral detachment Partial labral

débridement, FNO

7 30 M Cam 50 36 45 + + Mild labral detachment Débridement, AMIC, FNO

8 22 F Cam 38 26 57 + + Labral detachment,

inflammation

Débridement, AMIC, FNO

9 30 F Combined 46 33 57 0 � Labral detachment,

synovitis

Débridement, drillings, FNO

10 31 M Cam 72 31 44 0 � Labral detachment,

synovitis, scope

Débridement, AMIC, FNO

FAI = femoroacetabular impingement; LCA = lateral center-edge angle; PW = posterior wall sign; M = male; F = female; FNO = femoral neck

osteochondroplasty; AMIC = autologous matrix-induced chondrogenesis.
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10 patients. In the two patients in whom the lesion was not

identified preoperatively, the articular cartilage was

extensively delaminated but remained in continuity with

the adjacent healthy articular cartilage (Fig. 1). The

remaining patients had full-thickness defects with healthy-

appearing surrounding cartilage (Fig. 2). The most con-

sistent MRI finding was a defect in the articular cartilage

visible as a result of pooling of intraarticular contrast agent

within a filling defect of articular cartilage (Fig. 3). Sub-

chondral edema noted on T2-weighted sequences was

located at the base of the chondral defect in five patients

(Fig. 3). Cystic changes were observed on the MRI

arthrogram preoperatively and confirmed pathologically in

two patients.

The Tegner-Lysholm score at latest followup ranged

from 5 to 9 (mean, 7.4). All patients were able to return to

their preoperative level of function with the exception of

Patient 6 whose contralateral hip precluded participation.

At most recent followup, there was no obvious asymmetric

joint space narrowing visible on an AP pelvis view in any

of the patients when comparing the medial with the lateral

femoral-acetabular joint space.

Discussion

Since the introduction of FAI as a unified concept, there

have been multiple reports after both open and arthroscopic

procedures concerning the pathologic changes that occur

within the labrum, chondrolabral junction, and peripheral

acetabular articular cartilage as a result of abnormal con-

tact between the acetabular rim and the femoral head-neck

junction [2]. The changes produced by cam-type

impingement include varying degrees of labral detachment

and peripheral articular cartilage delamination that are

believed to be caused by complex forces produced by

inclusion of the femoral deformity, characterized by

prominence extending from the anterolateral head-neck

junction into the inside of the acetabulum that has a smaller

unaccommodating orifice [1, 16, 19]. Although cartilage

damage to the head of the femur has been reported previ-

ously in athletes after subluxation or dislocation events,

focal chondral defects differ from what has been described

in previous reports and represent a rare manifestation of the

Fig. 1 Left hip in patient 3, a 17 year old hurdler, shows extensively

delaminated cartilage forming a blister. No pooling was noted on

preoperative MRI-arthrogram. Note impingement trough at head neck

junction.

Fig. 2 Patient 4’s left parafoveal cartilage defect was diagnosed

preoperatively by pooling present on MRI-arthrogram. Lesion is

located anterosuperior to the fovea capitis. Note CAM morphology.

Fig. 3 MRI of left hip in patient 6, a 26-year-old male goaltender,

demonstrates articular defect and associated subchondral cyst

formation.
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complex pathomechanics associated with FAI. We describe

the pathologic characteristics, MRI findings, and surgical

management of another femoral-sided unique chondral

lesion localized adjacent to the fovea found in a subcohort

of young patients who perform activities that share hip

motion associated with substantial force and rapid limb

velocity.

We note limitations to our study. First, these patients

were collected retrospectively during a period when clinical

experience diagnosing and managing patients with FAI was

evolving. Consequently, we are unable to identify clinical

factors that can be used to differentiate patients with fem-

oral articular lesions from other patients with FAI. Second,

inconsistent preoperative clinical scoring data were col-

lected and the number of patients involved is insufficient to

recommend any particular cartilage restoration treatment

technique. Third, both surgeons working in separate insti-

tutions with similar MRI protocols but different magnets

collected the data. Because both magnets were 3 T and the

protocols similar in each institution, there would be very

little difference between generated images. Some variation

in radiologic interpretation may exist depending on the

radiologist’s experience. Fourth, the treatment method for

the chondral lesion was based on the prevailing technique at

each author’s institution and it is not possible to determine

whether treatment of the impingement, the chondral defect,

or both led to clinical improvement. Fifth, because the

number of patients with femoral chondral lesions is small,

collected over a period of time of changing FAI treatment,

and inconsistent preoperative and postoperative clinical

outcome scores were collected, comparisons to other

cohorts treated only for impingement is not possible. Nev-

ertheless, knowledge that femoral chondral defects can

occur in patients with FAI is important because it is not a

sign of end-stage arthrosis and does not preclude successful

treatment of FAI in the concentric joint.

Although the 10 patients described in this report par-

ticipated in different activities and vocations, each share

common attributes of rapid, forceful, repetitive hip flex-

ion. Understanding kinematic attributes described by

Lamontagne et al. [10], Kennedy et al. [9], and Charbonnier

et al. [4, 5], it is conceivable that these motions, performed

in hips with restricted flexion, can induce shear stresses on

the femoral head that can produce the pathologic changes

reported here. Whether the specified motions produce shear

stresses by causing transient subluxation or forceful non-

concentric motion on the femoral head remains uncertain.

Our clinical findings are consistent with two reports that

suggest the probability that impingement-induced transient

subluxation or dislocation generates shear stresses that

produced the chondral damage. Weaver et al. [23] reported

femoral head nonarthrogram MRI findings in 11 collegiate

and professional athletes who presented with groin pain.

These femoral lesions were high intensity on T2-weighted

and low intensity on T1-weighted images. Three patients in

their study who underwent arthroscopy had osteochondral

defects in the superior femoral head. They proposed either

impaction or transient subluxation as potential mechanisms

of injury to explain the MRI findings. Although two

patients in our study did not have MRI-identified lesions,

these patients had chondral delamination that was still in

continuity with the adjacent attached cartilage, similar to a

dermal blister. This suggests osseous MRI findings prob-

ably do not develop until the subchondral bone is exposed

to synovial fluid. Moreover, the cystic changes noted

beneath the subchondral bone plate were found only in

patients with chronic chondral defects. Consistent with

these findings, Philippon et al. [17] reported the arthro-

scopic findings in 14 professional athletes who had

traumatic hip dislocations. Eight patients had femoral

chondral defects and nine evidence of FAI; however, the

locations of the lesions were not specified. Whereas the

patients in the report of Philippon et al. had documented

evidence of dislocation, our patients had femoral head

pathologic changes but no history of frank dislocation. We

hypothesize that the lesions reported by Philippon et al.

were different and secondary to acute trauma to the femoral

head rather to repetitive injury. In addition, Byrd [3]

described four patients with cartilage defects within the hip

after lateral impact. One patient had a femoral chondral

defect located above the fovea capitis that was caused by a

fall on the lateral hip. The lesion was ultimately treated by

arthroscopic fragment excision. With the available kine-

matic and clinical data, it is possible to deduce that motions

capable of producing forces similar to those that are part of

a hip dislocation may partially explain the observed path-

ologic changes reported in our patients.

The focal chondral defects noted in our patients, espe-

cially those whose lesions were associated with cystic

subchondral changes, are similar to global clinical patho-

logic and radiologic findings associated with end-stage

arthrosis [20]. Nevertheless, the mean Tegner-Lysholm

score at 29-month followup was 7.4, representing the

capacity to participate in competitive-level athletics. We

postulate that high-level function after treatment depends on

continued joint congruency and a concentric joint. In con-

trast to patients with Tönnis Grade 2 arthrosis [21] in whom

degeneration of articular cartilage leads to joint space nar-

rowing and loss of congruence, our patients maintained

symmetric joint spaces and concentric motion despite focal

cartilage defects and the presence of subchondral cystic

change. Similar subchondral cystic changes are observed in

osteonecrosis of the femoral head [22]. When localized to a

defined geographic location, intertrochanteric redirectional

osteotomy may be useful for altering weightbearing char-

acteristics across the hip to prevent subchondral collapse [7].
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Although our patients had localized femoral head lesions

that were potentially amenable to redirectional treatment,

the restricted motion of these hips does not permit flexion,

varus, or valgus redirection without worsening movement.

Moreover, the central location of these lesions would have

required extensive reorientation that would not have been

surgically feasible.

The pathologic focal femoral head chondral lesions in

this cross-sectional study illustrate the complexity of

abnormal hip mechanics and the spectrum of associated

chondral damage. Furthermore, despite the MRI appearance

of a femoral chondral defect with or without cystic change,

normalization of hip mechanics by surgical correction of

impingement morphology in addition to treatment of the

chondral defect should be considered in appropriate patients

as an alternative to total joint arthroplasty.
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21. Tönnis D. Congenital Dysplasia and Dislocation of the Hip in
Children and Adults. New York, NY, USA: Springer; 1987.

22. Watson RM, Roach NA, Dalinka MK. Avascular necrosis and

bone marrow edema syndrome. Radiol Clin North Am. 2004;42:

207–219.

23. Weaver CJ, Major NM, Garrett WE, Urbaniak JE. Femoral head

osteochondral lesions in painful hips of athletes: MR imaging

findings. AJR Am J Roentgenol. 2002;178:973–977.

Volume 470, Number 12, December 2012 Femoral Chondral Defects and FAI 3389

123


	Parafoveal Chondral Defects Associated with Femoroacetabular Impingement
	Abstract
	Background
	Questions/Purposes
	Methods
	Results
	Conclusions
	Level of Evidence

	Introduction
	Patients and Methods
	Results
	Discussion
	References


