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Abstract

Background Femoroacetabular impingement is recog-

nized as a cause of hip pain in young adults and as a

precursor to osteoarthritis although many questions persist

regarding its management. One in particular is when to

resect a pincer lesion and how much to resect. Instability

can result from overresection and persistent impingement

can result from underresection.

Questions/purposes We therefore determined the corre-

lation between the change in center-edge (CE) angle and

the amount of acetabular rim resection.

Methods We performed open acetabular rim trimming on

10 cadaveric hips. Radiographs were performed before and

after rim resection every millimeter from 1 to 5 mm and

we determined the CE angle. We performed linear

regression to establish any correlation of the CE angle with

the amount of resection.

Results The CE angle could be predicted by �1.3X +

1.5 (R2 = 0.99), in which X = the amount of resection for

1 to 3 mm of resection. The average CE angle before

resection was 35� ± 8.8� (range, 19�–58�).

Conclusions The CE angle changes in a predictable way

with acetabular rim trimming with larger amounts of

resection resulting in greater changes in the CE angle.

Clinical Relevance The ability to accurately plan the

amount of acetabular rim resection in hip arthroscopy by

knowing the exact change in CE angle with amount of rim

removal may help prevent overresection or underresection

in pincer trimming.

Introduction

Femoroacetabular impingement (FAI) is recognized as a

cause of hip pain in young adults and as a precursor to

osteoarthritis [2, 14, 26]. Impingement is the result of

abnormal contact between the proximal part of the femur

and the acetabular rim during motion. Two mechanisms of

FAI have been described, pincer and cam [2, 7, 18].

Impingement resulting from an aspherical femoral head

is termed ‘‘cam impingement,’’ whereas impingement

resulting from excess acetabular coverage is the result of

‘‘pincer impingement’’ [2].

Pincer deformity arises from general or local overco-

verage of the femoral head by the acetabulum [18]. Local

anterior overcoverage and/or posterior undercoverage of

the femoral head can be secondary to a retroverted ace-

tabulum [31]. Pain secondary to a retroverted acetabulum is

often associated with repeated pinching as the femoral neck

hits the retroverted acetabulum. These bony abnormalities

may be treated with a periacetabular osteotomy with a

improvement in ROM and Merle d’Aubigné score [32].

Global overcoverage can result from coxa profunda, which

limits the ROM of the hip in all directions, causing a cir-

cumferential pattern of damage [20]. A persistent unfused

os acetabuli can lead to FAI, but can also be seen as a
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consequence of FAI [2, 11, 15, 22]. Ossicles at the ace-

tabular rim can be the result of a stress fracture from cam

impingement and/or a congruent dysplastic hip [15, 22]. In

a true os acetabuli, the orientation of the growth plate is

parallel to the joint surface, whereas when the os is sec-

ondary to a stress fracture, the separation is perpendicular

to the joint surface [22].

Surgical dislocation of the hip has been the main method

of treatment of FAI with improved functional outcome,

improved ROM, and decreased pain [1, 3, 5, 13, 25, 34]. As

described originally by Ganz et al., the open method of

treatment requires dislocation of the hip, preservation of

the blood supply to the femoral head, and femoroacetabular

osteoplasty [6]. The extent of the osteoplasty depends on

the type of FAI: cam, pincer, or mixed-type. In cam and

mixed-type, a femoral osteoplasty is performed to remove

the prominent area of the femoral neck. In pincer and

mixed-type, the acetabulum rim is trimmed to remove the

pincer lesion. Recent advances have allowed for the

treatment of cam and pincer deformities arthroscopically

[29]. ‘‘Minimally invasive’’ trimming of the pincer lesion

in patients with acetabular retroversion has been performed

with improvement in functional outcome scores and with

correction of the retroversion [16, 27].

During both methods of surgery, periodic dynamic

assessment of the resection from both the femur and the

acetabulum should be performed. Too much or too little

bony resection can lead to problems. Underresection of

either the cam or pincer lesion can lead to persistent

impingement [8, 28]. Overresection is also undesirable.

Greater than 30% resection of the femoral head-neck junc-

tion results in a decrease in the amount of energy necessary

to produce a fracture [21]. Instability of the hip, resulting in

subluxation or dislocation, can result from overresection

[4, 23]. Some authors have recommended preoperative

templating to ensure precise resection of the lesion [16, 24].

Acetabular rim resection resulting in a center-edge (CE)

angle of greater than or equal to 25� is typically recom-

mended [17]. In a previous study by Philippon et al., change

in CE angle was = 1.2 + 0.72X mm of rim reduction, in

which 1 mm of bony resection was equal to 1.92� [30].

These findings were seen in patients undergoing surgery

for FAI.

We therefore asked whether the change in CE angle

could be reliably predicted from the amount of acetabular

rim resected.

Materials and Methods

We obtained 10 hips from five formalin-preserved com-

plete human cadavers (three female and two male

specimens) with a mean age of 83 years (range,

72–89 years) for this study. Specimens were positioned on

an operating table in the supine position with neutral hip

positioning. The hips were dissected free of overlying

muscle and capsule. An AP radiograph of the hip was

performed before any rim trimming. The labrum was ele-

vated off of the rim of the acetabulum. The acetabular rim

was removed in successive 1-mm increments measured

with a ruler. The measurement was taken in three different

areas. Using the zone method, this would correspond to

Zones 1, 3, and 5 [10]. Clinically, the greatest depth of

resection is taken at the apex of the pincer lesion and then

tapered at the margins. However, an equal amount of

resection was taken around the entire pincer lesion to

maintain a standard amount of removed bone.

We took serial AP hip radiographs after 1, 2, 3, 4, and

5 mm of resection with the hip in neutral positioning. The

radiographs were digitized and the CE angle was measured

by three orthopaedists (AC, SK, JB) at various levels of

training using Adobe Photoshop CS3 (San Jose, CA) [35].

The measurements were repeated on three separate occa-

sions by each orthopaedist. Intraobserver correlation was

computed using the intraclass correlation coefficient (ICC)

two-way mixed model with measures of absolute agree-

ment used to analyze the measurement reliability. Values

of the ICC range from 0 to 1 with a higher value indicating

better reliability. The coefficient of variance was used to

find the deviation of mean values and assess the interob-

server correlation. The interobserver correlation coefficient

was 0.975 between observers and the ICC was 0.964,

0.953, and 0.919 for the three observers.

We used a general linear model regression to calculate

the change in CE angle for each 1-mm acetabular rim

reduction. The model is based on several assumptions.

Linear regression assumes the data points are independent

of each other. Despite hips being ‘‘in pairs,’’ the data col-

lected from the hips were independent of their relationship

to one another. We collected the change in CE angle

degrees with each millimeter resected from the acetabu-

lum; thus, each hip was essentially normalized and

measurements of each hip were not dependent on the other

hips or the cadavers. The assumption of homoscedasticity

of the data in this model was validated by Bartlett’s test for

homogeneity of variance [33]. The correlation of deter-

mination and the p value of the correlation were calculated.

Statistical analysis was conducted using SPSS software for

Windows, Version 17.0 (Chicago, IL).

Results

The change in CE angle for each millimeter removed can

be predicted by the linear regression line �1.3X + 1.5

(Fig. 1). The correlation of the change in CE angle for each
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1-mm acetabular rim reduction is significant (R2 = 0.99,

p = 0.04). Bartlett’s test for homogeneity was also sig-

nificant (p = 0.03). Reduction of the acetabular rim by

1 mm led to a change in CE angle of 0.12� ± 0.94�, 2 mm

resulted in a decrease in CE angle of �1.1� ± 1.1�, and

3 mm decreased the CE angle by 2.6� ± 0.87�. With

greater than 3 mm of resection of the acetabular rim, we

began to observe subluxation of the hip. Three of 10 (30%)

hips with 4 mm of acetabulum resection subluxated and

seven of 10 (70%) hips with 5 mm of resection were

subluxated. We attempted to correct for this when mea-

suring the CE angle on the digitized radiographs by

estimating the native center of the femoral head. However,

when the CE angles from the subluxated hips were taken

into account, the relationship between CE angle and

amount resected was 0.22X � 1.2 (R2 = 0.07), producing

an apparent paradoxical increase in CE angle of 0.4� for

values greater than 3 mm of resection. Therefore, we only

included the hips from 1 to 3 mm of resection for our

calculation. The average CE angle before resection in the

10 hips was 35� (range, 19�–58�; SD = 8.8�).

Discussion

FAI can be the result of deformities on the femoral or

acetabular side of the hip. Both open and arthroscopic

techniques can be used to address the deformities.

Overcoverage of the femoral head by the acetabulum,

known as pincer impingement, may be addressed by

trimming the pincer lesion. Care must be taken to prevent

over- and underresection of the pincer lesion. Removal of

too little bone can result in persistent impingement and

pain [8, 28]. Removal of too much bone may lead to

instability [4, 23]. Some authors have proposed templating

the amount of resection of the pincer lesion for more

accuracy [16, 24]. The purpose of our study was to deter-

mine if the correlation between the amount of rim resected

and the CE angle could be reliably reproduced.

We acknowledge the limitations of our study. First, we

were only able to quantify the lateral change of the pincer

lesion with AP radiographs [24]. A false profile view

would have allowed us to assess the change in anterior

coverage through the anterior CA angle [19]. Accurate

assessment of the anterior aspect of the pincer lesion

intraoperatively can be accomplished by taking lateral

views of the proximal femur [17]. However, this is difficult

to reproduce during surgery and a method of templating the

amount of anterior and superior resection on the fluoro-

scopic image of the hip intraoperatively has been proposed

[24]. Second, three of 10 hips began to subluxate after we

resected 4 mm of acetabular rim and seven of 10 began to

subluxate when we resected 5 mm of acetabular rim. This

is not surprising because removal of the soft tissues and

labrum would remove several of the stabilizers of the hip.

Although we attempted to correct for this when performing

our measurements by adjusting for the native center of the

femoral head, the resulting relationship was still aberrant.

Thus, we calculated our formula only using the first 3 mm

of resection to maintain accuracy. Third, the cadaveric hips

in our study were grossly normal. However, because we

were looking for a correlation of acetabulum rim removal

with CE angle, hips with an actual pincer lesion may not

have been necessary.

Using the CE angle, we found the amount of lateral

acetabular rim removed during pincer trimming can be

predicted by the formula �1.3X + 1.5. Our formula differs

somewhat from a previously published formula in which

change in CE angle was 1.2 + 0.72X mm of rim reduction

[30]. This difference could be the result of differences in

positioning of the hip for the radiograph and/or the number

of hips studied.

The ability to accurately plan the amount of acetabular

rim resection in surgery for FAI may help to prevent

complications from hip arthroscopy. Indeed, revision hip

arthroscopy is most commonly performed for pain resulting

from persistent hip impingement, which may be the result

of unaddressed or inadequate resection of the pincer lesion

[8, 28]. Conversely, overresection of the acetabular rim can

result in hip instability, including subluxation and dislo-

cation [4, 9, 23]. Reduction of the CE angle to 20� or less

results in acetabular dysplasia, which has been associated

with arthritis [12]. Preoperative templating has been rec-

ommended and described by several authors [16, 24].

Fig. 1 Graph demonstrating the

average change in center-edge

(CE) angle when 1, 2, and 3 mm

of acetabular rim is resected.
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We recommend preoperatively deciding on the amount of

rim resection by templating on radiographs by calculating

the preoperative and then the desired CE angle. Using the

formula, DCE angle = �1.3X + 1.5, in which X is

the amount of millimeters resected, one can estimate

the amount of millimeters of resection necessary for the

desired CE angle.
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