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ABSTRACT

In evaluations of a cam deformity on femoroacetabular impingement, the head–neck junction (HNJ) must be accurately assessed. We conducted 
this study to determine the ability of plain radiography to visualize the end-to-end bone surface of the HNJ. We used six human bone models. Ten 
examiners evaluated the degree to which attached stainless wire marker at the 1:00, 1:30, and 2:00 radial plane defined in reconstructed computed 
tomography can be accurately detected on the bone surface on plain radiographies. We employed 13 plain radiographies: the cross-table lateral 
view, frog-leg lateral view, Espié frog-leg lateral view, false-profile view, modified false-profile view, 30∘ Dunn view (DV), 45∘ DV, 60∘ DV, 90∘ DV, 
30∘ modified Dunn view (MDV), 45∘ MDV, 60∘ MDV, and 90∘ MDV. Examiners scored the degree to which the radiographic images accurately 
detected the stainless wire marker on the bone surface of the HNJ on a scale of 1 point (0% match) to 5 points (almost 100% match). The highest 
score for the 1:00 plane was 4.98 points on the 45∘ DV. Similarly, the highest scores of the 1:30 and 2:00 planes were 4.98 points for the 45∘ MDV 
and 4.68 points for the 90∘ MDV, respectively. On these bone model studies, the most suitable plain radiography for describing the HNJ at the 
1:00, 1:30, and 2:00 planes were both the 45∘ DV, the 45∘ MDV, and the 90∘ MDV, respectively.

I N T R O D U C T I O N
Femoroacetabular impingement (FAI) was recently reported 
as a cause of osteoarthritis of the hip [1, 2]. For an accu-
rate determination of the position and the degree of a cam 
deformity in a patient with FAI, it is necessary to evaluate the 
head–neck junction (HNJ) in the anterosuperior radial plane 
and/or three-dimensionally [3–6]. Therefore, we usually eval-
uate this deformity with computed tomography (CT) and/or 
magnetic resonance imaging (MRI). However, CT has a def-
inite issue of high radiation exposure and high-quality MRI 
is not available throughout the world. Several reports suggest 
that it is important to evaluate a cam deformity from the 1:00 
plane to the 2:00 plane on the reconstructed radial plane (on 
the right side) [5, 7–9], and several reports using simulation 
with CT data have demonstrated that the pinpoint evaluation 
for the transition part of the HNJ on these planes could be 
visualized using several plain radiographies [10, 11]. We thus 
hypothesized that plain radiographies can describe not only the 
transition part of HNJ but also the longitudinal bone surface 

along the width of the HNJ, on these important planes. We 
conducted the present study to investigate the ability of plain 
radiography to describe the end-to-end bone surface of the 
HNJ on the 1:00, 1:30, and 2:00 planes, using real bone
models.

M AT E R I A L S A N D M ET H O D S
We used six human bone models maintained in division of 
Anatomy and Cell Biology, Department of Anatomy, Shiga Uni-
versity of Medical Science. We randomly selected the human 
bone model (pelvis and femur) from the several dozen col-
lection box. Exclusion criteria were (i) massively damaged 
bones, (ii) clearly small specimen, (iii) damaged bone mod-
els at bone surface between the middle point of the femoral 
neck and the central plane of the femoral head, (iv) macroscop-
ically defect or damaged bones at distal femoral condyle and 
lesser trochanter. The requirement for study approval was waived 
by our institution’s ethics committee because no humans were
involved.

Received 9 November 2023
© The Author(s) 2025. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact 
reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on 
our site–for further information please contact journals.permissions@oup.com.

https://orcid.org/0000-0002-6500-1595
https://orcid.org/0000-0003-4392-9795
mailto:tmimura@belle.shiga-med.ac.jp
https://creativecommons.org/licenses/by-nc/4.0/


66 • Mimura et al.

Table 1. Morphogenetic feature of femoral bone models

Bone model #1 #2 #3 #4 #5 #6
Average ± SD (range) [95% confidence 
interval]

Length of the femur (mm) 38 41 36 38 44 38 39.2 ± 5.4 (36–44) [34.8–43.5]
Femoral head diameter (mm) 42.1 45.0 42.2 42.0 48.6 46.7 44.4 ± 5.1 (42.1–48.6) [40.3–48.5]
Femoral neck-shaft angle (∘) 128.8 131.3 132.4 124.2 130.1 134.0 130.1 ± 6.0 (124.2–134.0) [125.4–134.9]
Femoral neck anteversiona (∘) 7.8 23.6 12.7 14.7 12.3 15.3 14.4 ± 10.0 (7.8–23.6) [6.4–22.4]
α-angleb (∘) 44.3 43.0 52.4 43.2 52.1 50.7 47.6 ± 8.5 (43.2–52.1) [40.8–54.4]
Head–neck offsetb (mm) 5.9 5.8 5.1 9.1 7.6 5.9 6.6 ± 2.8 (5.1–9.1) [4.3–8.8]
Head–neck offset ratiob 0.14 0.129 0.118 0.217 0.153 0.126 0.147 ± 0.07 (0.12–0.22) [0.09–0.20]
aFemoral neck anteversion was evaluated from the transcondylar plane on the CT axial image.
bα-angle, head–neck offset, and head–neck offset ration were evaluated on the reconstructed 1:30 radial plane on the CT image.

Figure 1. The macroscopic findings of the proximal part of the left 
femur of a representative human bone model (model #1). (a) 
Anterior, (b) anterosuperior, and (c) superior views.

Figure 2. An anteroposterior pelvic radiographic image of a 
representative bone model (model #1), which has no pistol grip 
deformity at the HNJ of the left femur, and the femoral neck-shaft 
angle is 128.8∘.

The anatomical features of the bone models
Table 1 provides the bone morphogenetic features of six femoral 
bone models that met the exclusion criteria; namely, no mas-
sively bone damage, adult size, and especially no damage on 
the HNJ, distal femoral condyle, and lesser trochanter. Figure 1 
provides a macroscopic photograph of the proximal part of 
the representative bone model (model #1), and Fig. 2 shows 
an anteroposterior pelvic radiography of these representative
models.

The methods for reconstructing each radial plane using CT
Each left femur was put on the table of the CT system. The 
line connecting the center of the femoral head and the cen-
ter of the distal femoral condyle was set parallel to the sagittal 
plane (no abduction). In addition, the plane connecting the 
bilateral posterior femoral condyle and the posterior facet of 
the greater trochanter was set parallel to the coronal plane (no 
flexion), and the transcondylar line was also set parallel to the 
coronal plane (no rotation). Axial and sequential CT images 
were obtained without a gantry tilt (120 kV, 160 mA, 0.5 s) 
using a Toshiba Aquilion CX system (Toshiba Medical Sys-
tems, Tokyo). CT was taken at 0.313 mm in axial slice (the 
slice thickness was 0.625 mm), and the volume was approxi-
mately 1150 to 1400 images on axial slice. The data were recon-
structed under conditions suitable for a bone evaluation using 
AquariusNET Viewer software (TeraRecon, San Francisco, CA). 
This software enables reconstructions of optimal sagittal, coro-
nal, and axial planes as well as three-dimensional reconstructed 
CT images. In the present study, the multiple radial planes of 
the left femur were reconstructed as described [4, 12]. The 
2:00 radial plane was rotated superiorly by 30∘ on the oblique 
axial slice. Similarly, the 1:30 radial plane was rotated supe-
riorly by 45∘ on the oblique axial slice, and the 1:00 radial 
plane was rotated superiorly by 60∘ on the oblique axial slice 
(Fig. 3). The solid plane in the dotted cut line in Fig. 3a cor-
responds to the vertical line in Fig. 3b. The plane rotated 30 
degrees, 45 degrees, and 60 degrees upward along the solid line 
(femoral neck axis) in Fig. 3a corresponds to the 2:00 radial 
plane, 1:30 radial plane, and 1:00 radial plane shown in Fig. 3b,
respectively.

The accurate identification of the HNJ on each radial plane
We attached stainless 0.45 mm-diameter stainless wire markers 
on the bone surface between the middle point of the femoral 
neck and the central level of the femoral head with clear tape on 
each radial plane and then performed CT imaging. Until the wire 
markers were uniformly and completely matched to the HNJ; 
namely, bone surface from the middle point of the femoral neck 
(point X in Fig. 4a) to the central level of the femoral head (point 
Y in Fig. 4a), we took CT images while adjusting the positions 
and the lengths of the stainless wire markers over and over again 
on every 1:00, 1:30, and 2:00 planes. With this protocol, we iden-
tified the HNJ on these models at the 1:00, 1:30, and 2:00 radial 
planes, respectively (Fig. 4).



The ability of plain radiography to describe the bone surface at the HNJ of the femur • 67

Figure 3. The methods for reconstructing each radial plane. (a) The oblique-coronal plane reconstructed on true femoral neck axis. Solid line: 
The axis of the femoral neck through the femoral head center. Dotted line: The reference plane for radial angle reconstruction. (b) The 
reconstructed oblique-axial plane (plane on dotted line of A). The reconstructed plane shows a superimposed radial reference line. The radial 
planes reconstructed from each dotted line are the 1:00, 1:30, and 2:00 radial planes. (c) The reconstructed radial plane (oblique-sagittal 
plane). The 2:00 radial plane is demonstrated in this figure.

Figure 4. Definition of the HNJ of radial planes. In this study, the part indicated by the middle arrow was expressed as the transition part of 
HNJ. (a) The solid line is the line connecting the femoral head center and the middle point of the femoral neck isthmus. The dotted line is the 
perpendicular line from the femoral head center and middle point of the femoral neck. The anterior bone surface from the middle point of the 
femoral neck to the center plane of the femoral head, sandwiched between these perpendicular lines (from point X to point Y), is the HNJ. We 
adjusted the position and the length of the stainless wire markers until they were uniformly detected on the bone surface. In this image, the 
HNJ of the 1:30 plane identified with a stainless wire marker was revealed. (b) Visual image of the HNJ of the 1:30 plane. The HNJ on the 1:30 
plane is demonstrated here on reconstructed anteroposterior 3DCT image.

Table 2. Femoral position for each radiographic view

 Abduction  Flexion
External 
rotation

Cross-table lateral view 0 0 −15
Frog-leg lateral view 45 0 60
Espié frog-leg lateral view 45 45 30
False-profile view 0 0 90
Modified false-profile view 0 0 55
30∘ DV 20 30 0
45∘ DV 20 45 0
60∘ DV 20 60 0
90∘ DV 20 90 0
30∘ MDV 20 30 40
45∘ MDV 20 45 40
60∘ MDV 20 60 40
90∘ MDV 20 90 40

The data are degrees (∘).

Evaluate the radiographic view in which the marker can be 
detected to overlap the radiographic cortical line of the HNJ

We examined 13 plain radiography images (Table 2). We con-
trolled the femoral position on each radiography image as fol-
lows. First, the abduction angle was controlled by the angle 
between the line connecting the femoral head and the mid-
dle point of the distal condyles and the sagittal plane. Next, 
the internal–external rotation angle was controlled by the angle 
between the posterior condylar line and the coronal plane. 
Finally, the flexion angle was controlled by the angle between 
the line connecting the posterior facet of the greater trochanter 
posterior and the posterior facet of the distal condyle (the pos-
terior facet of the lateral condyle was used if the femur was set 
in external rotation) and the coronal plane. An orthopaedic sur-
geon (T.M.) wearing full X-ray protection controlled the femoral 
angle, and each radiographic image was taken only once in each 
of the 1:00, 1:30, and 2:00 planes.



68 • Mimura et al.

Figure 5. Representative cases (model #1) of the degree to which the stainless wire markers could be accurately detected on the end-to-end 
bone surface of head-neck junction (HNJ). (a) 1 point: The stainless wire marker and the bone surface are 0% match. (b) 2 points: The 
stainless wire marker and bone surface are less than 50% match. In this case, the markers were detected on the bone surface only around the 
femoral head side. (c) 3 points: The stainless wire marker and bone surface are almost 50% match. In this case, the markers were detected on 
the bone surface from the femoral head to the transition part of HNJ. (d) 4 points: The stainless wire marker and bone surface are more than 
50% match. In this case, the marker at the middle point of the fmoral neck was incompletely detected on the bone surface. (e) 5 points: The 
stainless wire marker and bone surface are almost 100% match. In this case, the markers and bone surface are an almost complete match at the 
end-to-end bone surface of HNJ.

On the Espié frog-leg lateral view (EFLV) [13], the Dunn 
view (DV), and the modified Dunn view (MDV), conventional 
anteroposterior pelvic radiography was used [14]. The X-
ray tube-to-film distance was 120 cm, with the tube oriented 
perpendicular to the table. The crosshairs of the beam were 
centered on the point midway between the superior border of 
the pubic symphysis and a line drawn connecting the anterior 
superior iliac spine. Referring to the conventional 45∘ DV and 
90∘ DV [14, 15], the flexion angle of the 30∘ DV and 60∘ DV 
were changed to 30∘ and 60∘, respectively. Similarly, referring to 
the conventional 45∘ MDV [14, 15], the flexion angle of the 30∘

MDV, 60∘ MDV, and 90∘ MDV were changed to 30∘, 60∘, and 
90∘, respectively.

The cross-table lateral view was taken with 15∘ internal rota-
tion, and the center of the crossfire of the beam was set to the 
femoral head as described for clinical settings [14]. The frog-leg 
lateral view was taken unilaterally, and the crosshairs of the beam 
were directed at a point midway between the anterior superior 
iliac spine and the pubic symphysis of the left hip [14]. The false-
profile view (FPV) was taken in 0∘ abduction, 0∘ flexion, and 
90∘ external rotation with the crosshairs of the beam set to the 
femoral head, referring to the conventional standing method [14, 
16]. In this FPV, the pelvis was rotated to the left in order to avoid 
impingement between the femoral HNJ and the acetabulum. The 
modified false-profile view was taken in 0∘ abduction, 0∘ flexion, 

and 55∘ external rotation referring to the report from Atkins et al. 
[10].

Ten examiners who were blinded to the radiography proto-
col and the evaluated radial plane examined the degree to which 
the stainless wire markers were accurately detected to overlap the 
radiographic cortical line of the HNJ at the 1:00, 1:30, and 2:00 
planes; they subjectively scored the accuracy on a scale of 1 to 5 
points as illustrated in Fig. 5: 1 point = the stainless wire marker 
and the bone surface was 0% match; 2 points = the stainless wire 
marker and bone surface was less than 50% match; 3 points = the 
stainless wire marker and bone surface was almost 50% match; 
4 points = the stainless wire marker and bone surface was more 
than 50% match; and 5 points = the stainless wire marker and 
bone surface was almost 100% match. Each examiner performed 
three sets of assessment at 1 week intervals. 

Statistical analyses
Wilcoxon signed-rank test was employed to determine the sta-
tistical significance between the best radiographic limb posi-
tion over the other radiographic limb positions on each plane. 
Value of P < .05 was considered to indicate statistical signifi-
cance. To determine the intra- and interobserver reliability cor-
relations of the scores, we calculated the intraclass correlation 
coefficients (ICCs). The intraobserver and interobserver relia-
bility were evaluated using the results of the all examiners’ three 
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Table 3. Average score of each radiograph on the 1:00 plane (60∘ radial plane)

Bone model: #1 #2 #3 #4 #5 #6 In total average ± SD

Cross-table lateral view 1.63 1.00 1.00 1.00 1.03 1.00 1.11 ± 0.22
Frog-leg lateral view 1.17 1.00 1.27 1.13 1.03 1.00 1.10 ± 0.09
Espié frog-leg lateral view 4.83 3.57 4.93 1.60 4.97 4.00 3.98 ± 1.10
False-profile view 1.00 1.00 1.00 1.00 1.00 1.00 1.00 ± 0.00
Modified false-profile view 1.07 1.10 1.87 1.57 1.00 1.57 1.36 ± 0.30
30∘ DV 4.00 4.97 5.00 5.00 4.97 4.97 4.82 ± 0.34
45∘ DV 4.90 4.97 5.00 5.00 5.00 5.00 4.98 ± 0.03
60∘ DV 4.90 4.27 4.97 4.80 5.00 3.87 4.63 ± 0.39
90∘ DV 2.80 2.63 1.10 1.00 2.93 1.00 1.91 ± 0.82
30∘ MDV 3.33 1.40 2.17 1.03 2.37 1.33 1.94 ± 0.72
45∘ MDV 2.13 1.83 2.53 1.03 2.27 1.27 1.84 ± 0.50
60∘ MDV 1.77 1.93 2.00 1.00 2.80 1.00 1.75 ± 0.58
90∘ MDV 1.00 1.00 1.00 1.00 1.83 1.00 1.14 ± 0.27

The data are the average score of three examinations by each examiner and are rounded off to the second decimal place.

Table 4. Average score of each radiograph on the 1:30 plane (45∘ radial pane)

Bone model: #1 #2 #3 #4 #5 #6 In total average ± SD

Cross-table lateral view 2.07 1.17 1.93 1.00 1.83 1.00 1.50 ± 0.42
Frog-leg lateral view 2.60 1.07 2.27 1.17 2.00 1.67 1.79 ± 0.51
Espié frog-leg lateral view 4.00 1.07 5.00 3.60 4.43 5.00 3.85 ± 1.24
False-profile view 1.03 1.00 1.07 1.00 1.00 1.00 1.02 ± 0.02
Modified false-profile view 2.53 1.10 2.27 1.63 2.37 1.77 1.94 ± 0.50
30∘ DV 2.47 1.47 1.03 2.23 1.00 1.73 1.66 ± 0.52
45∘ DV 3.00 3.50 2.67 4.90 1.03 3.60 3.12 ± 1.08
60∘ DV 4.47 4.93 4.97 4.97 2.20 4.97 4.42 ± 0.93
90∘ DV 3.60 4.33 4.27 3.80 3.60 3.90 3.92 ± 0.27
30∘ MDV 3.93 4.00 5.00 4.97 3.80 4.90 4.43 ± 0.49
45∘ MDV 4.93 4.97 5.00 5.00 4.97 5.00 4.98 ± 0.02
60∘ MDV 4.07 3.67 5.00 3.90 5.00 4.23 4.31 ± 0.48
90∘ MDV 2.30 2.90 3.97 2.20 2.80 2.07 2.71 ± 0.59

The data are the average score of three examinations by each examiner and are rounded off to the second decimal place.

measurements of each plane on a representative model. The ICC 
was interpreted using the categories of agreement suggested by 
Landis and Koch [17], where ≤0.40 is unacceptable, 0.41–0.60 
is moderate, 0.61–0.80 is substantial, and ≥0.80 is almost perfect 
agreement.

R E S U LTS
The average scores of 3 examinations by 10 examiners for each 
bone model are provided in Tables 3–5. The most favorable 
radiographic images for describing the bone surface of the HNJ 
of the 1:00 plane was the 45∘ DV (4.98 ± 0.03 points). Similarly, 
the best image for 1:30 plane was the 45∘ MDV (4.98 ± 0.02 
points), and the best image for the 2:00 plane was the 90∘

MDV (4.68 ± 0.33 points). The average scores of three exam-
inations of six bone models for each examiner are shown in 
Figs 6–8 in a line graph. The comparison between the best 45∘

DV and the second-best 30∘ DV on 1:00 plane using the aver-
age scores obtained for each bone model was not statistically 
significant (P = .250), while the same comparison using the aver-
age scores obtained for each examiner was statistically significant 
(P = .002). Similarly, the comparison between the best 45∘ MDV 
and the second-best 30∘ MDV on 1:30 plane using the average 

scores obtained for each bone model was not statistically signif-
icant (P = .063), while the same comparison using the average 
scores obtained for each examiner was statistically significant 
(P = .002). Again, the comparison between the best 90∘ MDV 
and the second-best 60∘ MDV on 2:00 plane using the average 
scores obtained for each bone model was not statistically signif-
icant (P = .625), while the same comparison using the average 
scores obtained for each examiner was statistically significant
(P = .004).

Table 6 showed the ICCs for the intraobserver reliability of 
all planes on a representative model. Table 7 showed the ICCs 
for the interobserver reliability of all planes on a representative 
model. All of inter- and intraobserver reliability were over 0.93.

D I S C U S S I O N
In this study using human bone models, plain radiography 
showed differing degrees of accuracy for describing the bone sur-
face of the HNJ, defined by reconstructed CT radial images. Our 
results indicated that the best plain radiography for describing 
the HNJ at the 1:00, 1:30, and 2:00 planes was the 45∘ DV, the 
45∘ MDV, and the 90∘ MDV, respectively.
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Table 5. Average score of each radiograph on the 2:00 plane (30∘ radial plane)

Bone model: #1 #2 #3 #4 #5 #6 In total average ± SD

Cross-table lateral view 4.20 2.23 3.87 2.00 4.10 2.33 3.12 ± 0.88
Frog-leg lateral view 2.33 1.73 1.93 1.47 2.13 2.47 2.01 ± 0.32
Espié frog-leg lateral view 2.93 3.00 1.03 3.47 2.87 3.17 2.74 ± 0.73
False-profile view 1.00 1.00 1.00 1.00 1.00 1.00 1.00 ± 0.00
Modified false-profile view 2.23 2.20 1.53 1.87 2.10 2.33 2.04 ± 0.25
30∘ Dunn view 1.00 1.00 1.00 1.00 1.00 1.07 1.01 ± 0.02
45∘ Dunn view 1.00 1.00 1.00 1.00 1.10 1.03 1.02 ± 0.03
60∘ Dunn view 2.40 1.27 1.10 1.10 1.27 1.77 1.48 ± 0.43
90∘ Dunn view 4.90 4.97 2.67 5.00 3.40 5.00 4.32 ± 0.87
30∘ MDV 2.97 3.70 1.60 3.97 3.03 4.63 3.32 ± 0.88
45∘ MDV 4.13 4.20 1.83 4.10 3.13 4.90 3.72 ± 0.91
60∘ MDV 5.00 5.00 2.67 4.40 3.93 5.00 4.33 ± 0.78
90∘ MDV 3.93 5.00 4.87 4.93 4.70 4.67 4.68 ± 0.33

The data are the average score of three examinations by each examiner and are rounded off to the second decimal place.

Figure 6. Line graphs showing the examiner’s scores on the 1:00 plane. CTLV: cross-table lateral view. The scores are average of 18 
measurements, with 3 measurements taken from 6 bone models. 45∘ Dunn view is the best radiographic image and all examiners give the 
highest score.

Several research groups have reported the suitability of plain 
radiography to detect cam deformities [6, 10, 12, 18]. For exam-
ple, Uemura et al. investigated which parts of the HNJ can 
be described by plain radiography, using a 3D surface model 
adjusted to the neutral position from patients’ CT data [12]. 
They reported that the EFLV showed the 2:14 plane of the HNJ 
and the 45∘ MDV showed the 2:35 plane of the HNJ. However, 
these reports were pinpoint evaluation for transition part of the 
HNJ, and to the best of our knowledge, there has been no reports 
that evaluate the longitudinal bone surface along the width of the 
HNJ, which had a certain length between the middle point of the 
femoral neck and the central level of the femoral head. Further-
more, there has been no report of a method that can be used to 
determine the degree to which the end-to-end bone surface of 
the HNJ can be described by plain radiography. We thus con-
ducted an investigation of how radiography images can describe 
the bone surface of the HNJ on the 1:00, 1:30, and 2:00 planes, 
using real bone models rather than simulation models.

There are several possible reasons why our present findings 
are different from those reported by Uemura et al. [12]. The 
first reason is the difference in the models used; their model was 
a simulation model and ours was actual human bone models. 
A second reason is based on the method of analysis. Uemura 
et al. analyzed a 3D surface model of the femur using software, 
whereas we analyzed in actual roentgen images of bone models. 
Specifically, we used radiography in the same manner as that used 
in clinical settings, using the center of the beam and diffusion of 
the X-rays. We thus speculate that our findings better reflect the 
clinical situation. A third reason for the discrepant results is the 
influence of the asphericity of the femoral neck [19]. The femoral 
head and HNJ were considered spherical in the Uemura study, 
whereas the present bone model femoral neck’s asphericity was 
likely to influence our results.

In the present study, the ICCs for inter- and intraobserver 
reliability were “almost perfect agreement” according to the cate-
gories suggested by Landis and Koch [17]. In clinical situations, 
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Figure 7. Line graphs showing the examiner’s scores on the 1:30 plane. CTLV: cross-table lateral view. The scores are average of 18 
measurements, with 3 measurements taken from 6 bone models. The 45∘ MDV is the best radiographic image and all examiners give the 
highest score.

Figure 8. Line graphs showing the examiner’s scores on the 2:00 plane. CTLV: cross-table lateral view. The scores are average of 18 
measurements, with 3 measurements taken from 6 bone models. The 90∘ MDV is the best radiographic image. Examiner #5 give the same score 
as 60∘ MDV, but the others give the highest score.

if these plain radiographs can accurately evaluate the end-to-end 
bone surface of the HNJ (i.e. the longitudinal bone surface along 
the width of the HNJ), we propose that it would be possible to 
easily evaluate not only the α-angle but also the head–neck off-
set and/or head–neck offset ratio on the anterosuperior plane, as 
these are the most important aspects for capturing a cam defor-
mity without subjecting the patient to an additional CT or MRI 
examination. This method would also be useful for selecting the 
degree of cam resection using radiographic images for surgery.

There are several study limitations to address. The first limita-
tion was that we could not determine the sex and race of these 
bone models. There was no mark or list regarding race and sex. 
However, we speculate and believe that bone models used in 
the present study were from an Asian population because of the 

bone morphological features, especially femoral head size. Lin 
et al. reported that the average femoral diameter and the femoral 
neck-shaft angle were 45.5 mm and 129.9∘, respectively, using a 
3DCT system on Chinese subjects [20]. In another study, the 
average femoral neck anteversion evaluated from the transcondy-
lar plane on CT axial images was approximately 15∘ in Chinese 
subjects [21]. In Japanese subjects, the average α-angle and head 
neck offset ratio in the 1:30 CT radial plane were 48.5∘ and 0.16, 
respectively [5]. We thus believe that the bone models used in 
the present study provided normal alignment of the femoral neck 
and morphology of the HNJ as an Asian population. 

The second limitation of this study was that only six bone 
models were used. The statistical comparison between the best 
and the second-best radiographies using the average scores 
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Table 6. The intraobserver reliabilities evaluated by a representative model (bone model #1).

Examiner: #1 #2 #3 #4 #5 #6 #7 #8 #9 #10

2:00 o’clock plane 0.992 0.996 0.978 0.996 0.989 0.978 0.972 0.982 0.989 0.992
1:30 o’clock plane 0.978 0.979 0.980 0.963 0.977 0.958 0.934 0.934 0.965 0.977
1:00 o’clock plane 0.990 0.976 0.994 0.990 0.960 0.990 0.989 0.978 0.982 1.000

Table 7. The interobserver reliabilities evaluated by a representative 
model (model #1).

First 
examination

Second 
examination

Third 
examination

2:00 o’clock plane 0.994 0.992 0.994
1:30 o’clock plane 0.982 0.984 0.986
1:00 o’clock plane 0.994 0.994 0.994

obtained for each bone model did not yield significant results. 
In some bone models on 2:00 plane, the radiograph having 
the highest score differed from the radiograph that ranked first 
overall, suggesting non-negligible variation in HNJ morphol-
ogy. Based on the present results, it is necessary to determine 
in advance the number of bone models needed for statistical 
comparisons in the future studies.

As a third study limitation, there was a possibility of ambi-
guity in evaluating the scores since the stainless wire markers 
were 0.45 mm thick, and it is possible that we could not clearly 
evaluate the differences among the radiographic images. In other 
words, if a stainless wire marker was shown as an “almost 100% 
match” to the bone surface, it was impossible to judge whether 
the stainless wire marker was slightly above the bone surface 
or slightly below the bone surface in each radial plane. We sus-
pect that there might be ambiguity regarding the differences in 
the accuracy evaluation because we subjectively evaluated the 
entire length of the markers, which was ∼22.5 mm in average 
of our models, attached at the bone surface from the middle 
point of the femoral neck to the central level of the femoral
head.

Finally, each abduction, rotation, and flexion angle differed 
from those observed in clinical settings. In this investigation, 
we directly measured each angle using the femoral bone model, 
whereas in clinical situations, each angle is usually determined 
based on the thigh, leg, and foot positions, and the rotation 
angle, in particular, is normally determined using the direction 
of the foot and leg. Therefore, regarding the 45∘ DV, 45∘ MDV, 
and 90∘ MDV that we proposed, we believe that it is necessary 
to have some kind of devices or tools in the X-ray room that 
accurately reproduces these radiographic limb positions. Addi-
tionally, when positioning the lower limbs of obese individuals, 
it is expected that there will be a significant amount of soft tissue 
in the direction of imaging. Therefore, we believe it is necessary 
to create a protocol for imaging conditions for obese patients and 
create an environment in which they can systematically perform 
imaging. However, we propose that if the radiography in a clinical 
setting is performed with the femoral angle maintained correctly 

like the present study, plain radiography can accurately describe 
specific planes of the HNJ.

In conclusion, on these bone model studies, the most suitable 
plain radiography for describing the HNJ at the 1:00, 1:30, and 
2:00 planes was the 45∘ DV, the 45∘ MDV, and the 90∘ MDV, 
respectively.
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