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Abstract

Purpose The aim of the study was to assess the use of the
centre-edge (CE) angle in the assessment of pincer femoro-
acetabular impingement (FAI) for reliability and predict-
ability in the diagnosis.

Methods Between 2004 and 2008, 55 patients underwent
surgical treatment for FAI. A control group of 30 was
identified among patients attending the emergency depart-
ment with normal radiographs. Radiographs were assessed
by two independent observers both before and after the
operation. Nine patients with trauma were excluded. The
magnetic resonance arthrogram reports of the remaining 46
patients were assessed for pincer FAI. Nineteen patients
were identified and underwent repeat radiographic assess-
ment. All underwent surgical dislocation of hip (SDH),
acetabular, with/without femoral osteochondroplasty. Ace-
tabular depth and version were also assessed. The intraclass
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correlation (ICC) was used to assess reliability of the CE
angle. The paired ¢ test and independent groups ¢ test were
used to assess the difference between the pincer FAI group,
both pre-op and post-op and against controls.

Results The control and pincer groups were similar in
demographics (p=0.1769). Coxa profunda was present in
14 patients with eight also having retroverted acetabuli. Of
the rest two had retroverted acetabuli and one protrusio.
The mean CE angle in the control group was 31.4°, in the
pre-op pincer group 46.2° and in the post-op pincer group
38.3°. The ICC for intra-observer correlation was 0.977 and
0.992 pre-op and 0.986 and 0.974 post-op. The ICC for
inter-observer correlation was 0.960 and 0.957 pre-op and
0.979 and 0.967 post-op.The p value was <0.001 between
the controls, the pre-op and post-op pincer groups. The test
characteristics using the CE angle > 40 is a reasonably good
predictor of FAI, with a sensitivity of 84.2% and a
specificity of 100%.

Conclusions The pincer FAI can be reliably assessed with
the CE angle and can be predicted in patients presenting
with FAL

Introduction

Femoro-acetabular impingement (FAI) is the result of
pathological contact between the proximal femur and
acetabulum [1]. It has been implicated as a cause of hip
pain in young adults and a precursor to the development of
osteoarthritis of the hip [1]. FAI results in repetitive
mechanical microtrauma to the hip joint, which causes
mechanical wear of the articular cartilage and/or labral
cartilage and consequently causes pain, and in the majority
a decrease in flexion and internal rotation range of motion
[2]. Two types have been described, cam and pincer types.
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The majority of patients presenting with FAI have a
combination of cam and pincer types [1, 3]. However, in
a recent paper, Allen et al. found that 42% of patients in
their study have the combination [4]. Takeyama et al. found
only a prevalence of 0.6% with FAI in patients with
osteoarthritis [5].

The cam form describes a reduced concavity of the
anterolateral femoral head-neck junction. This spherical
asymmetry contributes to abnormal contact between the
femoral head and the acetabulum [6, 7]. The pincer form is
a consequence of excess acetabular coverage of the femoral
head. The acetabular causes of the impingement can be
seen secondary to either acetabular retroversion, coxa
profunda or protrusio acetabuli [3]. Recent studies suggest
that excessive acetabular coverage is a major pathogenic
factor in most FAI [8]. If left untreated, FAI can lead to
chondral and subchondral damage, labral tears, synovial
herniation and premature progressive osteoarthritis [1, 9].
In the pincer form, the labral degeneration can cause
ossification, which can further increase its prominence,
leading to further exacerbation of the labral impingement
[2].

The cam type has been assessed radiographically [2, 4,
10], but the pincer type of FAI remains less well recognised.
Radiographic measures, including the lateral centre-edge
(CE) angle [11], have been used to define hip dysplasia, but
have not been used to assess FAIL There are several
measurements that have been used to radiographically
assess FAL. The ‘“ANCHOR’ group has recently published
that “Radiographic assessment of the hip has limited
reliability” [10]. However, there has been little research
exploring numerical radiographic measurements to assess
the pincer form of FAI specifically using the CE angle.
There is no reliable radiographic measure of pincer
impingement.

Early detection of this condition may be beneficial in
instituting the appropriate treatment. This would in turn be
beneficial in the outcome. Early to midterm results of
surgical treatment have shown promising results with good
relief of symptoms and functional improvement [12, 13].

The CE angle of Wiberg is a widely used radiographic
measurement [11]. Tannast et al. in a recent review have
quoted a CE angle value of >39° as consistent with pincer
FAI [14]. This has been based on Tonnis and Heinecke’s
[15] who suggested the upper limit of normal as 38°, with a
deep acetabulum having a CE angle of 39-44°. The
presence of protrusio acetabuli, or excess acetabular
coverage of the femoral head, has been defined as a CE
angle of >40° by Lequesne et al. [16]. The measurement of
the CE angle has been used to define developmental
dysplasia of the hip [18]. The CE angle has also been
correlated with the acetabulum-head index in developmen-
tal dysplasia of the hip with avascular necrosis of the
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femoral head, but the CE angle has yet to be used to
radiographically quantify the acetabular overcoverage seen
in the pincer form of FAL

Our aims were (1) to assess the reliability of CE angle in
the diagnosis of pincer FAI, (2) the ability to predict the
condition in patients presenting with symptoms and signs
of FAI utilising the two angles and (3) to identify the
amount of correction performed at surgery using the same
measurement.

Patients and methods

This was a retrospective study. Ethical approval was
obtained from the Conjoint Health and Research Ethics
Board at the University of Calgary. Between January 2004
and September 2008, 55 patients underwent surgical
treatment for FAL. All patients presented with hip pain.
All patients were reviewed and examined by the senior
author (JNP). All patients had plain radiographs taken. The
views obtained were plain anteroposterior (AP) of the
pelvis and an axial cross-table view of the proximal femur
[3]. Standardised radiographs were obtained using recog-
nised techniques [16, 19-21]. All radiographs were taken in
a single department. The radiographs were centred based on
the alignment of the coccyx and symphysis pubis. Pelvic tilt
was also assessed based on the height of the sacrococcygeal
joint above the symphysis pubis which was approximately
within 3.2 ¢cm for men and 4.7 cm for women [19]. Further
radiographic assessment in the form of magnetic resonance
arthrography (MRA) was undertaken in all patients. A
standard protocol for this imaging was in place [22]. These
were reported by two radiologists (BF, RP) who classified
them as either pincer or mixed pincer-cam based on an
estimation of the CE angle from plain radiographs and a
unilateral MR view of the hip that was a coronal image
through the mid femoral head, acetabular depth as
described by Pfirrmann et al. and also the position of
cartilage and labral lesions were taken into account [26].
All radiographs were reviewed on the IMPAX WEB1000
PACS (Patient Archiving and Communications System-
Agfa Inc., Etobicoke, ON, Canada). The software of the
system allowed for manipulation and measurements of the
radiographs. All FAI radiographs were assessed by two
independent and blinded observers (SK, PS). Notes of all
patients were obtained and reviewed. Nine patients with a
history of trauma were excluded. The MRA reports of the
remaining 46 patients were reviewed. All reports with an
impression of pincer or mixed pincer-cam were identified.
Twenty patients had pincer or mixed pincer-cam type. One
patient did not have adequate preoperative films and was
excluded. The remaining 19 patients underwent repeat
assessment of the radiographs by the same observers three
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Fig. 1 Box plots of distributions of CE angles pre-operatively and
post-operatively for the FAI group and for the control group

months later. The post-operative radiographs of these 19
patients were also reviewed in a similar manner.

Control radiographs were obtained from patients that
required AP pelvic X-rays that presented to the emergency
department. Inclusion criteria for the control radiographs
were those which were free of pathology, were true AP X-
rays and the exposure and centring of the images was
optimal. The measurement values, age and gender were the
only recorded patient information. This methodology
allowed us to access pelvic radiographs that were free of
pathology, but were routinely obtained without unnecessary
X-ray exposure to obtain control data. Thirty patients were
identified for the control group.

The measurement used was the lateral CE angle of
Wiberg [11]. For the measurement of the CE angle, the
software allowed the use of a circle to determine the femoral
head centre. A line was drawn to connect the centre of the
two femoral heads. A vertical line was then drawn from the
centre of the femoral head along the ilium perpendicular to
the first. Another line was drawn from the centre of the
femoral head to the edge of the acetabulum. In addition, a
note was made on the presence of coxa profunda, protrusio
and a retroverted acetabulum. Coxa profunda was identified
when the floor of the acetabulum was on or medial to the ilio-

ischial line [3]. Protrusio was identified when the femoral
head was on or medial to the ilio-ischial line [3]. Acetabular
retroversion was identified when a crossover sign was
present. The crossover sign was present when the anterior
wall of the acetabulum crossed the posterior wall of the
acetabulum [23].

All patients in the FAI group underwent surgical
dislocation of the hip, the technique described by Ganz et
al. [24], acetabuloplasty with reattachment of labrum with
or without femoral osteochondroplasty [13]. The reattach-
ment of labrum was performed using Mitek® suture
anchors (DePuy Mitek Inc., Raynham, MA, USA).

Statistical methods

Distributions of angles were examined using box plots, and
reported as mean+standard deviation if distributions were
symmetrical. Pre-operative to post-operative mean differ-
ences in angles were evaluated using paired ¢ tests if
difference scores were approximately normal. We used
independent groups ¢ tests for comparisons between groups
if continuous variables (age and angles) if assumptions of
approximate normality and equal variances were met. A p
value of <0.05 was considered to be significant.

For reliability assessments, we used intraclass correla-
tions (ICCs) to determine the intra-rater and inter-rater
reliability coefficients for the CE angle [25]. Bland and
Altman plots were used to provide a visual assessment of
inter-rater agreement. These plots included horizontal lines
depicting the level of bias, as well as the limits of
agreement [26].

We also evaluated the test characteristics when using a
CE>40° to predict the presence of FAI. We calculated the
sensitivity and specificity of these tests with 95% confi-
dence intervals (CI).

All statistical analysis was performed using the R
statistical computing language version 2.8.1 [27].

Results

The pincer FAI group (19 patients, 19 hips) had 11 men and
eight women. The mean age was 35.16 years (range 20—
53 years). The control group (30 patients) had 13 men and 17
women. The mean age was 42.1 years (range 18-85 years).
There was no significant difference between the ages of

Table 1 Comparison between

the various groups for the Angle Comparison Difference Lower 95% CI Upper 95% CI )4
CE angle

CE Pre-op vs post-op” 7.858 5.789 9.926 <0.001
o Post-op vs control® 14.814 12.428 17.200 <0.001
" Paired 7 test Pre-op vs control® 6.956 4721 9.191 <0.001

® Independent groups ¢ test

@ Springer



508

International Orthopaedics (SICOT) (2012) 36:505-510

the FAI group and the control group [mean difference=
—6.96 (95% CI —17.14-3.26), t(43)=—1.37, p=0.1769].

Of the 19 patients, 14 patients had coxa profunda with
8 of these also having retroverted acetabuli. Two patients
had retroverted acetabuli and one patient had a protrusio
acetabuli of the rest.

Means and standard deviations of the CE angle for the
pre-op, post-op and control groups were 46.19+6.55°,
38.34+5.71° and 31.38+3.64°, respectively. The distribution
of the angles is presented in Fig. 1. The tests comparing CE
angles (pre-operatively to post-operatively, as well as pre-
operatively to controls, and post-operatively to controls)
achieve statistical significance at p<0.001 (Table 1).

The reliability coefficients for intra-rater and inter-rater
agreement are presented in Tables 2 and 3. These are
consistently high. The smallest coefficient is 0.957 (inter-
rater reliability in trial 2 pre-operatively for CE angle) and
the largest coefficient is 0.992 (intra-rater reliability for rater
2 post-operatively for the CE angle). Bland and Altman plots
for pre-operative inter-rater agreement are presented in Fig. 2.
These figures show that there is little (< 1°) bias when
comparing the two raters.

The test characteristics using the CE angle>40 is a
reasonably good predictor of FAI, with a sensitivity of
84.2% (95% CI 62.4%; 94.5%) and a specificity of 100%
(95% CI1 93.7%; 100%).

Discussion

Femoro-acetabular impingement is a debilitating condition
and the pincer form has not been quantitatively defined
using radiographic variables. This study found that the CE
angle is a reliable measure in diagnosing pincer FAI in
patients presenting with hip pain. The CE angle is a simple,
reproducible measure that can easily be used in a clinic
setting to assist with diagnosing pincer FAI.

We found that the CE angle was significantly greater
in patients with pincer FAI, compared to controls (Fig. 1,
Table 1). There was no overlap in the values obtained
between the control and pincer FAI groups. This measure
is a commonly used orthopaedic measure that can be
easily used to assist in diagnosing pincer FAI. When
assessing the CE angle, it is clear that it depends on the
position of the femoral head relative to the acetabulum and

Table 2 Intra-rater reliability measured using ICCs

Pre-op Post-op
CE angle Rater 1 0.977 0.986
Rater 2 0.992 0.974
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Table 3 Inter-rater reliability measured using ICCs

Pre-op Post-op
CE angle Trial 1 0.960 0.979
Trial 2 0.957 0.967

hence in a deep socket, it will have values at the extreme
and beyond.

Some current literature defines the normal CE angle
as below 40.0° or below 39° [14—17]. The mean CE
angle found in the pincer FAI group in our study was
46.19°. The mean CE angle in the control population of
31.38° found in this study is in agreement with other
current literature including Umer et al. [28] (31.2°; n=
522 hips), Crockarell et al. [29] (32.8+7.9°; n=78
cadaver hips) and Loder et al. [30] [30.6+£4.8° in Asian
patients; 28.7+£5.7° in Black patients; 30.3£5.1° in
Amerindian (Hispanic and Native Indian) patients; 28.0+
4.3° in Caucasian patients]. Lequesne et al. [16] recently
defined a mean CE angle of 32.0° (+6.0°) in 446 hips,
which is very similar to the mean CE angle of the control
polulation (Table 1) found in our study. All FAI patients in
our study presented with symptoms of pain, positive
impingement tests and MRA evidence of FAI. This
suggests that this study is in keeping with suggested
values of the CE angle in both the normal and pincer FAI
population.

Bland and Altman Plot of Sharp's
Trial 1, Pre-Op
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Fig. 2 Bland and Altman plot of inter-rater reliability for the CE
angle. The solid horizontal line shows the degree of bias between
raters (in °). The dashed horizontal lines show the limits of agreement
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The ‘ANCHOR’ group [10] have found good reliability
in the assessment of femoral head centre. As it has a clear
relationship to the diagnosis of pincer FAI their study has
added useful information for the assessment of pincer FAI
They have also suggested that “numerous other parameters
including the CE angle might lead to more reliable
measurements and thus a more reliable diagnosis”.

Both intra-observer and inter-observer reliability of the
CE angle, was evaluated using ICCs (Tables 2 and 3). The
intra-observer values for all the variables measured in the
FAI patients were significant indicating high correlation
between the first and second blinded measurement taken on
a subsequent occasion. The inter-observer correlations were
calculated for the CE angle in both the pre- and post-
operative groups having significant values, again indicating
a high level of correlation between two separate measure-
ments from two blinded observers.

The assessment of sensitivity and specificity taking
the upper limit of the normal CE angle as 40° suggests
that it is a good sensitivity at 84.2% (95% CI 62.4—
94.5%) and an excellent specificity at 100% (95% CI
93.7-100%).

There were some limitations in this study. This study is a
retrospective study. Being a retrospective study it is difficult
to obtain a power calculation. The sample sizes of both the
patient and control groups are small. However, the control
group data are in accordance with much of the current
literature and highly significant differences between the two
groups with the use of nonparametric statistics, suggesting a
sufficiently powered study. The use of emergency room
radiographs has limitations including a bimodal age
distribution of young patients, likely involved in trauma,
and elderly patients, with poor bone quality and other pre-
existing pathology. However, recognising the limitations of
this population, it is also important to realise that X-ray
exposure to a healthy population, without need, is unnec-
essary. The control data from our study also closely
resemble other control data in the literature from other
populations, suggesting minimal population bias [17, 28—
30]. The femoral head was assumed to be a perfect circle on
the AP pelvic radiographs. This assumption may have some
inherent errors. In order to measure the CE angle, this
assumption is made and the CE angle is a widely accepted
and frequently used measurement. The use of radiographs
taken at different times can result in magnification differ-
ences, which should not affect angular measurements, but
there is potential for erroneous measurements of distance.

In conclusion, pincer FAI can result in significant
impairment and it has been relatively less studied. This
study found that the CE angle is useful in diagnosing pincer
FAL 1t is reliable, can predict the condition in patients
presenting with symptoms and signs of impingement and
can help assess the amount of correction performed at

surgery. The CE angle is a simple, reproducible measure
that can easily be used in a clinic setting. To our knowledge
this is a first study looking at the reliability of the CE angle
in the assessment of FAI.
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