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sensitivity and accuracy, the 45° Dunn view had the great-
est values.
Conclusions  Alpha angle of the 45° Dunn view was best 
correlated with that of radial MRI. The 45° Dunn view had 
better sensitivity and accuracy than other radiographic pro-
jections. The 45° Dunn view may be preferable for screen-
ing of cam deformity.
Level of evidence  II.
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Introduction

Cam-type femoroacetabular impingement (FAI) is charac-
terised as a consequence of a malshaped proximal femur 
and is associated with hip osteoarthritis [10, 11, 20]. 
Although magnetic resonance imaging (MRI) radial slices 
are considered the gold standard for detection of cam 
deformity [12, 15, 16, 19], plain radiographic images are 
used most frequently in clinical settings [8, 17].

In 1952, Dunn compared the utility of 33 plain radio-
graphic projections including various hip positions using 
a 3-year-old femur model to assess femoral neck antever-
sion [9]. Barton et al. [1] compared the correlation of alpha 
angle of MRI and those of three plain radiographic projec-
tions, i.e. anteroposterior (AP) pelvis view, cross-table lat-
eral view and 90° Dunn view (with hip flexed at 90° and 
abducted 20°), and concluded that the alpha angle of the 
90° Dunn view showed the best correlation with that of 
MRI. Meyer et al. [17] reported that another Dunn view—
45° Dunn view, with hip flexed at 45° and abducted 20°—
was more sensitive than the 90° Dunn view for detection 
of asphericity of the proximal femur. Therefore, it remains 

Abstract 
Purpose  Radial magnetic resonance imaging (MRI) 
along the axis of the femoral head neck is the gold standard 
for detection of cam deformity of the proximal femur. This 
study was performed to identify which plain radiographic 
projection was best correlated with radial MRI.
Methods  Five different plain radiographic projections 
and 18 slices of radial MRI were applied to 35 consecu-
tive hips with groin pain and positive impingement sign. 
Alpha angles were measured to detect the asphericity of 
the femoral head–neck junction in all images. Radiographs 
were taken in anteroposterior pelvis, cross-table lateral, 90° 
Dunn, 45° Dunn and modified 45° Dunn views. Pearson’s 
correlation coefficients were determined to assess the asso-
ciation between the alpha angle obtained from radial MRI 
and each radiographic technique. The sensitivity, specific-
ity, positive and positive predictive values and accuracy 
of plain radiographic alpha angle measurements were 
assessed using a threshold alpha angle value of 50.5° for 
cam deformity.
Results  Pearson’s correlation coefficients in the alpha 
angle values between MRI and plain radiographic projec-
tions were 0.45, 0.70, 0.62, 0.81 and 0.69 for the anter-
oposterior pelvis, cross-table lateral, 90° Dunn, 45° Dunn 
and modified 45° Dunn views, respectively. In terms of 
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unclear which projections have the best correlations with 
MRI.

The alpha angles of five plain radiographic projections 
were compared to determine which showed the best corre-
lation to the alpha angle of radial MRI. The hypothesis of 
this study was that the 45° Dunn view would be best corre-
lated with radial MRI compared to other plain radiographic 
projections.

Materials and methods

Setting and participants

This study was performed at the orthopaedics department 
of a single general hospital. Patients with groin pain with 
impingement sign and a diagnosis of hip labral tear based 
on MRI radial slices between January 2014 and September 
2014 were included in the study. During the study period, 
patients were routinely investigated for femoroacetabular 
impingement via five plain radiographic projections, i.e. AP 
pelvis, cross-table lateral, 90° Dunn, 45° Dunn and modi-
fied 45° Dunn views. Patients with osteoarthritis of more 
than Tönnis grade 1 or acetabular dysplasia with lateral 
centre edge angle less than 25° were excluded [5]. Other 
exclusion criteria were osteonecrosis, prior hip surgery, 
post-traumatic hip disorder, residual paediatric hip disease 
(slipped capital femoral epiphysis or Legg–Calvé–Perthes 
disease) or inadequate plain radiographic images (i.e. not 
well centred or the patient’s pelvis was rotated).

Roentgenography and measurement

Plain radiographic images were taken by radiology tech-
nologists using standardised techniques. Radiographs were 
taken in five different projections: plain AP pelvis view, 
cross-table lateral view, 90° Dunn view, 45° Dunn view and 
modified 45° Dunn view. The AP pelvis view was taken 
with the patient in the supine position on the radiographic 
table with both lower extremities oriented at internal rota-
tion of 15° [6]. The cross-table lateral view was taken with 
the patient in the supine position on the radiographic table 
with the contralateral hip and knee flexed beyond 80° and 
the symptomatic limb internally rotated by 15° to expose 
the anterolateral surface of the femoral head–neck junc-
tion [6]. The 90° Dunn view was taken with the patient in 
the supine position with the symptomatic hip flexed at 90° 
and abducted 20° in neutral rotation [5, 9, 17]. The 45° 
Dunn view was taken with the patient in the supine position 
with the symptomatic hip flexed at 45° and abducted 20° 
in neutral rotation [5, 9, 17]. The modified 45° Dunn view 
was taken with the patient in the supine position with the 

symptomatic hip flexed at 45° and abducted 45° in neutral 
rotation [9].

Two assessors (MS and YO) measured the alpha angles 
of five plain radiographic projections in a blinded man-
ner using computer software (Two-Dimensional Template; 
Japan Medical Material, Osaka, Japan) (Fig. 1). Although 
the computer software could measure the angle to two 
decimal places, we truncated the number to one decimal 
place to minimise measurement error. To measure the alpha 
angle, two arms of the angle were determined [18]; the first 
arm of the angle was the long axis of the femoral neck, 
while the second arm was drawn from the centre of the best 
fit circle anteriorly to the point where the head extended 
beyond the margin of the circle. The alpha angle thus 
formed provided a quantitative measurement of the degree 
of femoral head asphericity and/or lack of head–neck junc-
tion offset and/or concavity. In radiographic assessment, 
the cam lesion was defined as alpha angle >50.5° on the 
image, as reported previously [1].

MRI examination was performed with the patient in the 
supine position with lower extremities oriented at internal 
rotation of 15°. All images were acquired using a 3.0-tesla 
scanner (Discovery MR750w 3T; GE Healthcare, Wauwa-
tosa, WI, USA) with a flexible surface coil. Among the series 
of coronal reconstructed images, the edges of the acetabu-
lar labrum were identified in the slice that demonstrated the 
midpoint of the femoral head (Fig. 2a). The slice connecting 
the edges of the acetabular labrum on this coronal image was 
reconstructed and set as the reference plane to reconstruct 
the radial MRI (Fig. 2b). Then, radial slices passing through 
the midpoint of the femoral head were reconstructed along 
the axis of the femoral neck. The locations of the slices in 
the sequence were described in a clockwise manner, with 3, 
6, 9 and 12 o’clock corresponding to anterior, inferior, poste-
rior and superior, respectively [12]. The most prominent con-
tour of the femoral greater trochanter was defined as the 12 
o’clock position of the femoral head–neck junction [12]. The 
radial slices were translated into hourly orientation starting 
from the 12 o’clock position. Each slice corresponded to 10 
angular minutes (Fig. 2c).

The two assessors also measured the alpha angle 
obtained by radial MRI. They measured the alpha angle 
on 18 slices of radial MRI around the femoral head–neck 
junction (Fig. 2c). At each slice, the alpha angle was meas-
ured using the same technique as described above (Fig. 3). 
The greatest value in the series of 18 radial slices of MRI 
was determined as the alpha angle of the radial MRI in the 
hip (Fig. 3). In addition to the value of the alpha angle, the 
location at which the alpha angle showed the greatest value 
was assessed. In the MRI assessment, the cam lesion was 
also defined as alpha angle >50.5° on the image as reported 
previously [1].
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Compliance with ethical standards

The study protocol and publication were approved by the 
ethics committee of St. Luke’s International Hospital (reg-
istration number 15-R032).

Statistical analyses

The Pearson’s correlation coefficients were determined to 
assess the association between the alpha angle obtained from 
radial MRI and each radiographic technique. The sensitiv-
ity, specificity, positive predictive value, negative predictive 
value and accuracy of the plain radiographic alpha angle 
measurements were calculated using a threshold alpha angle 
value of 50.5° as measured on radial MRI. To test interob-
server reliability, the intraclass correlation coefficients (ICC) 
of radial MRI and five projections were calculated for two 
assessors.

The sample size of this study was all of the available 
data. To accurately describe the uncertainty in our results, 

95  % confidence intervals to the correlation coefficients 
and test performance measures were added.

All statistical analyses were performed by an inves-
tigator (ST) using R (The R Foundation for Statistical 
Computing).

Results

Of the total of 55 consecutive patients with 59 involved 
hips screened for eligibility, 34 patients with 35 involved 
hips were included in the study. The flow chart presented 
in Fig. 4 outlines the study. Four patients with osteoarthri-
tis of more than Tönnis grade 1 and nine patients with ace-
tabular dysplasia with lateral canter edge angle <25° were 
excluded. In addition, one patient with residual paediatric 
hip disease (Legg–Calvé–Perthes disease) and 10 patients 
with inadequate plain radiographic images were excluded. 
The patients included in this study had a median age of 
52  years (range 17–76  years) and consisted of 19 males 

Fig. 1   Measurement of alpha angle on plain radiographs obtained in 
different radiographic projections. a The 90° Dunn view, taken with 
the patient in the supine position with the symptomatic hip flexed at 
90° and abducted 20°, with an alpha angle of 48.2°. b The 45° Dunn 
view, taken with the patient in the supine position with the symp-
tomatic hip flexed at 45° and abducted 20°, with an alpha angle of 

58.7°. c The modified 45° Dunn view, taken with the patient in the 
supine position with the symptomatic hip flexed at 45° and abducted 
45°, with an alpha angle of 55.4°. d The cross-table lateral view, 
taken with the patient in the supine position with the contralateral 
hip and knee flexed beyond 80° and the symptomatic limb internally 
rotated 15°, with an alpha angle of 46.8°
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and 15 females with involvement of 17 left and 18 right 
hips.

Table  1 shows the alpha angles obtained from each 
image and the Pearson’s correlation coefficients for the 
alpha angle values between MRI as the gold standard and 
the plain radiographic projections. In the radial MRI slices, 
the greatest value of alpha angle was located anterosuperi-
orly (between 12 o’clock and 3 o’clock in clockwise rota-
tion; range 12:20–2:40) in all patients.

Cam deformity with alpha angle >50.5° was detected in 
33 of 35 hips on radial MRI. The cam deformity was pre-
sent in two hips on the AP pelvis view, in 15 hips on the 
cross-table lateral view, in 18 hips on the 90° Dunn view, in 

29 hips on the 45° Dunn view and in 25 hips on the modi-
fied 45° Dunn view. The sensitivity, specificity, specific-
ity, positive predictive value, negative predictive value and 
accuracy are shown in Table 2.

The interobserver reliabilities for all measurements are 
shown in Table 3.

Discussion

The most important finding of this study was that the 45° 
Dunn view was most closely correlated with radial MRI 
compared with the AP pelvis, cross-table lateral, 90° Dunn 

Fig. 2   Reconstruction of radial magnetic resonance images for eval-
uation. a The magnetic resonance image that best demonstrated the 
midpoint of the femoral head in the sequence of coronal images. The 
edges of the acetabular labrum were identified on this image (white 
line). b Slice corresponding to the white line in a. c Radial slice 

localisation depicted in b. The white dotted line indicates slices cut 
at 10 angular minutes. Two white lines with white squares indicate 
the starting line (line 2) and ending line (line 18), respectively. White 
lines without white squares indicate each fifth line (i.e. lines 5, 10 and 
15)

Fig. 3   Measurement of alpha angle on each radial MRI slice. Alpha 
angle of this hip was 60.1°, the greatest value in the series measure-
ment of all slices. a A radial slice at the 2:40 clock position at the 
femoral neck axis with alpha angle of 59.2° (line 5 in Fig.  2). b A 

radial slice at 2:20 clock position at the femoral neck axis with alpha 
angle of 60.1° (line 6 in Fig. 2). c A radial slice at 2:00 clock position 
at the femoral neck axis with alpha angle of 59.7° (line 7 in Fig. 2)
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Fig. 4   Patient flow diagram

Table 1   Alpha angle obtained from each view and Pearson’s correlation coefficients compared to radial MRI

AP anteroposterior, MRI magnetic resonance imaging
a  95 % Confidence intervals are given in parentheses

Radial MRI AP pelvis view Cross-table lateral 
view

90° Dunn view 45° Dunn view Modified 45°  
Dunn view

Alpha angle,  
degree

59 ± 7; range 
48–74

45 ± 6; range 
36–71

50 ± 6; range  
40–66

51 ± 6; range 
40–62

58 ± 7; range 
45–72

55 ± 7; range 
45–68

Pearson’s correla-
tion coefficienta

1 0.45 (0.14–0.68) 0.70 (0.48–0.84) 0.62 (0.36–0.79) 0.81 (0.66–0.90) 0.69 (0.46–0.83)

Table 2   Comparison of sensitivity, specificity, positive predictive value, negative predictive value and accuracy of the five views in comparison 
with radial MRI

AP anteroposterior, MRI magnetic resonance imaging
a  95 % Confidence intervals are given in parentheses

AP pelvis view Cross-table lateral view 90° Dunn view 45° Dunn view Modified 45° Dunn view

Sensitivitya 0.06 (0.07–0.20) 0.46 (0.28–0.64) 0.52 (0.34–0.69) 0.82 (0.65–0.93) 0.73 (0.55–0.87)

Specificitya 1 (0.09–1) 1 (0.09–1) 0.50 (0.01–0.99) 0 (0–0.91) 0.5 (0.01–0.99)

Positive predictive valuea 1 (0.09–1) 1 (0.70–1) 0.94 (0.73–1) 0.93 (0.77–0.99) 0.96 (0.8–1)

Negative predictive valuea 0.06 (0.01–0.20) 0.10 (0.01–0.32) 0.06 (0.01–0.99) 0 (0–0.58) 0.1 (0–0.45)

Accuracya 0.11 (0.03–0.20) 0.49 (0.31–0.66) 0.51 (0.34–0.69) 0.77 (0.60–0.90) 0.71 (0.54–0.85)

Table 3   Intraclass correlation coefficients of radial MRI and five projections by two independent observers

AP anteroposterior, MRI magnetic resonance imaging
a  95 % Confidence intervals are given in parentheses

Radial MRI AP pelvis view Cross-table lateral 
view

90° Dunn view 45° Dunn view Modified 45°  
Dunn view

Intraclass correlation 
coefficientsa

0.92 (0.84–0.96) 0.79 (0.39–0.92) 0.88 (0.78–0.94) 0.83 (0.69–0.91) 0.93 (0.87–0.96) 0.88 (0.78–0.94)
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and modified 45° Dunn views. In addition, the 45° Dunn 
view had the greatest values of sensitivity for cam lesion 
detection on MRI.

Many investigators recommend radial MRI slices along 
the axis of the femoral head neck to examine the circum-
ference of the femoral head–neck junction [8, 12, 15, 16, 
19]. Barton et al. [1] concluded that the alpha angle of the 
90° Dunn view was most closely correlated to that of MRI. 
However, MRI measurement was used with oblique axial 
images [1]. In our study, using radial MRI slices along the 
axis of the femoral neck, the Pearson’s correlation coeffi-
cient in the alpha angle values between the MRI and the 
45° Dunn view was 0.81 (highly correlated) and better than 
other projections, including the 90° Dunn view.

The reason why the 45° Dunn view had the best correla-
tion to the radial MRI might have been because the cam 
lesion was located in the anterosuperior area of the head–
neck junction (between 12:20 and 2:40) in all patients 
included in this study. Previous studies revealed that cam 
lesions are most common in the anterosuperior area [7, 8], 
and 45° Dunn view was superior to detect the cam lesion 
in this area [7]. However, despite the low frequency, cam 
lesions located in areas other than the anterosuperior area 
are also clinically important, such as the posterior-based 
cam, which is considered to be a relative contraindication 
of arthroscopic surgery [14].

There were questions regarding whether the 45° Dunn 
view had better sensitivity than the 90° Dunn view [1, 17]. 
Our results indicated that the 45° Dunn view had better 
sensitivity than other radiographic projections. Therefore, 
the 45° Dunn view may be more suitable for screening of 
cam deformity on radiographs than the 90° Dunn view, 
which is the current standard Dunn view [17].

Physicians should take care as the 45° Dunn view did 
not show the greatest specificity compared with other plain 
radiographic projections, and the most suitable projection 
should be chosen in each clinical setting.

Our study had several limitations. First, although we 
attempted to ensure that all radiographs and MRIs were 
taken with standardised hip joint position, some variation 
of hip position may have occurred, which could have dis-
torted the results. Second, despite the standardisation of 
technique to reconstruct radial MRI slices, determination 
of the locations of the slices could be limited in terms of 
accuracy. Acknowledging this limitation, we believe that 
our study still has important clinical relevance because 
the measurement error was not large to change the fact 
that all study patients had the greatest value of alpha angle 
in the anterosuperior area. Third, several previous stud-
ies assessed the alpha angle using computed tomography 
combined with MRI [2, 3]. However, our study did not 
include computed tomography assessment to avoid expos-
ing the patients to radiation [4]. Fourth, as all patients 

included in this study had hip pain, there was an inherent 
bias to identify FAI-related findings. Especially, positive 
and negative predictive values are dependent on preva-
lence. When generalising the findings to the community 
setting, care should be taken as the high prevalence of the 
disease could distort the results of positive and negative 
predictive values.

With regard to the clinical relevance of this diagnostic 
study, evaluation of cam deformity using the 45° Dunn 
view would be useful in screening for cam deformity when 
using radiography, which is the standard to evaluate bony 
abnormalities. In epidemiological research, evaluation 
using only the AP pelvis view may be inadequate to screen 
for cam deformity [13]. Thus, the results presented here 
have important implications for such studies.

Conclusions

The 45° Dunn view was most closely correlated to radial 
MRI slices compared with the AP pelvis, cross-table lat-
eral, 90° Dunn and modified 45° Dunn views. The 45° 
Dunn view had greater sensitivity than other radiographic 
projections.
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