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• Bone morphology has been increasingly recognized as a significant variable in the 
evaluation of non-arthritic hip pain in young adults.

• Increased availability and use of multidetector CT in this patient population has contributed 
to better characterization of the osseous structures compared to traditional radiographs.

• Femoral and acetabular version, sites of impingement, acetabular coverage, femoral head–
neck morphology, and other structural abnormalities are increasingly identified with the 
use of CT scan.

• In this review, a standard CT imaging technique and protocol is discussed, along with a 
systematic approach for evaluating pelvic CT imaging in patients with non-arthritic hip 
pain.

Introduction

The field of hip preservation has undergone significant 
advancement since Ganz popularized femoroacetabular 
impingement syndrome (FAIS) two decades ago (1, 2). 
Since then, the understanding of non-arthritic hip pain, 
which includes a spectrum of diagnoses from instability 
to impingement, has been greatly enhanced by the 
use of advanced imaging modalities like CT and MRI. 
Simultaneously, there has been significant innovation 
in the clinical management of hip disorders, including 
advanced surgical techniques, that has led to improved 
outcomes and survivorship in this patient population.

Early studies on FAIS and hip instability were reported in 
the context of clinical examinations and plain radiographs 
(1, 2, 3). The implementation of MRI fostered another series 
of diagnostic advancements by providing a tool to assess 
the soft-tissue structures such as the labrum and cartilage 
(4, 5). However, osseous morphologic features, which MRI 
is unable to highlight, have been recently recognized as 
factors that can affect the clinical outcomes of patients 
with hip pain. These factors include extra-articular 
impingement, version and torsional morphologies of 
the acetabulum and/or femur, and subtle coverage 
abnormalities of the femoral head (6, 7, 8, 9, 10, 11, 12). 
These structural variables highlight the importance of using 
CT imaging to thoroughly evaluate the 3D bony anatomy 
of the femur and pelvis, and routine utilization of CT has 

been endorsed by experts in the field of hip preservation 
(13). While a systematic approach has been described for 
assessing plain radiographs (14) and MRIs (15) of non-
arthritic hip pain, a comprehensive diagnostic algorithm 
of CT imaging is less defined. Furthermore, consensus 
statements from a validated Delphi method were recently 
described for diagnostic imaging of FAIS (16, 17, 18). 
These experts agreed that radiographic evaluation should 
be used for initial assessment and MRI was considered the 
‘gold standard’ in patients with FAIS; however, the role of 
CT imaging was less defined (18). Therefore, the purpose 
of this review is to provide a standardized imaging protocol 
and a systematic approach to interpreting CT sequences 
for patients with non-arthritic hip pain.

CT scan protocol

CT scan is a cross-sectional imaging modality that uses 
radiation to provide increased image contrast resolution 
compared to radiographs, resulting in better visualization 
of bone structure. Multiplanar and 3D reformatting 
capabilities of CT scan can significantly improve the 
characterization of bony landmarks and morphology in 
contrast to 2D radiographic assessment. Additionally, 
reformatting enables CT to avoid many pitfalls of 
radiographs such as patient positioning and poor image 
quality.
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At our institution, a 64-multi-detector CT scanner is 
utilized when obtaining non-arthritic hip CT images (Table 
1). Patients are placed in a neutral supine position with the 
feet taped slightly inverted to ensure stability during the 
scan, specifically for quantification of the femoral version. 
Strategic padding and support are used to avoid any 
motion. The pelvis is scanned from the iliac crest to the 
lesser trochanter. To enable measurement of the femoral 
version, additional axial cuts are obtained from the distal 2 
cm of the femoral condyles to the knee joints.

A disadvantage of CT is the increased dose of radiation, 
specifically for young individuals who have greater 
sensitivity to damage at the cellular level. The need for 
repetitive imaging of the pelvis can be especially concerning 
in children (19). Wylie et al. (20) noted that a pelvic CT 
for hip pain in young adults carried a 5–17 times greater 
relative risk for malignancy over their lifetime, albeit the 
absolute rate of malignancy was minimal (0.034–0.177%). 
To minimize radiation exposure, our scans utilize a low-
dose technique with activation of Adaptive Statistical 
Iterative Reconstruction radiation dose-reducing software 
to reduce radiation dose by 30% on average. Depending 
on patient size and BMI, the average radiation dose for a 
pelvis CT scan for dysplasia ranges from 1.8 to 2.2 mSv, 
which is lower than a standard pelvis CT scan exposure 
of 3 mSv or more (21). Through dose reduction, pelvic 
CT scans demonstrate equivalent radiation exposure to 
a standard 3-view radiographic sequence of the pelvis  
(0.7 mSv per image) (22).

Preparation for measurements on 
CT scan

A localizer is placed at the center of the femoral head 
on axial or coronal images. This point is referenced by 
corresponding scout lines on all the axial, sagittal, and 
coronal planes to confirm its central location on the 
femoral head. Thereafter, a best fit circle is drawn on the 
coronal image at the best image referenced by the localizer 
for axial and sagittal images (Fig. 1). A horizontal reference 
line is created by connecting a transverse line between the 
inferior aspect of each teardrops or ischium on the coronal 
image. A region 5 mm caudal to the roof of the acetabular 

dome is localized, which typically corresponds to the 
1:30 (anterosuperior) region of the acetabulum when 
viewed as a clockface (Fig. 2). All the measurements are 
performed with the digital caliper feature on Phillips iSite 
PACS system (Philips Healthcare).

Acetabulum

Version

Acetabular version is commonly assessed as central 
version or cranial version on the axial images (Fig. 3). 
Central version is measured at the equator, or 3 o’clock 
position, of the acetabulum (23, 24, 25, 26). Differing 
methods have been reported for determining the location 
of cranial version, including 5 mm below the roof of the 
acetabulum (10, 23) or between the 1 and 2 o’clock 
positions (12, 26, 27). The authors prefer to utilize the 
former of these techniques, given its ease of use and 
reproducibility. Global acetabular version abnormalities 
often affect both central and cranial version, whereas 
focal anterior overcoverage may result in low cranial 
version with relatively normal central version (28).

Coverage

Initial cross-sectional measurements of femoral head 
coverage were recorded in the coronal and axial planes, 
though more sophisticated techniques have been recently 
described. The coronal metric most commonly utilized 
is the Wiberg center edge angle (W-CEA) (29), which is 
measured in the coronal sequence through the center 
of the femoral head. The W-CEA is formed by the angle 
consisting of lines through (1) the center of the femoral 
head and lateral edge of the sourcil, and (2) the horizontal 
reference line at the bottom of the ischium or teardrops. 
Recently, the Lisbon Agreement of FAIS imaging (16, 17, 18) 
defined that the W-CEA differs from the lateral center edge 
angle, which utilizes the most lateral bone-edge of the 
acetabulum rather than lateral edge of the sourcil (Fig. 4D). 
X-ray and CT measurements of center edge angle (CEA) 
have been shown to be similar, though Chadayammuri 
et  al. (30) suggested that CT may result in slightly 
higher CEA values compared to standard X-ray (31). This 
finding is likely explained by the findings of Wylie et al. 

Table 1 Low dose CT scan protocol for non-arthritic hip pain.

 
Scan coverage and parameters

Planes, slice thickness, and 
algorithm

 
Reformats 

 
3D reconstruction

• From iliac crest to lesser trochanter of 
femur.

• Voltage 100 kVp, Current 80–140 mA, 
pitch 0.98, table speed 39.37 mm/s, 
rotation time 0.8 s, detector coverage  
40 mm.

• Axial 1.25 mm bone plus
• Axial 1.25 mm standard 

 

• Pelvis coronal 2 mm bone 
plus

• Pelvis sagittal 2 mm bone 
plus

• Each hip – oblique axial in 
plane of femoral neck  
2 mm bone plus

• Surface rendered 3D reconstructions:

• Articulated pelvis with proximal femurs
• Isolated pelvis
• Isolated femurs
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Figure 1
Definition of hip center and horizontal axis. 
The center of the femoral head is determined 
by a localizer placed at the center of the best 
fit circle of the femoral head on the axial or 
coronal image and referenced by scout lines 
on all axial, sagittal, and coronal planes 
(white lines seen on A and C). The best fit 
circle is then drawn on the coronal image 
determined by center of the femoral head 
referenced by the remaining planes (yellow 
circle on the right femoral head on B). The 
horizontal line touching both the teardrops 
(black dotted line) on the coronal image 
makes the transverse line required for the 
Wiberg center edge angle (W-CEA) and 
Tönnis angle measurements. W-CEA angle is 
measured on a single coronal reformatted 
image (B) where the best fit circle is drawn 
(yellow circle) determined by the center of 
the femoral head referenced from all the 
planes (A, C). The vertical line (black line) is 
90° to the inter-teardrop horizontal line 
(black dotted line) on the same image, and 
the W-CEA is measured up to the lateral 
margin of the acetabular sourcil (orange 
angle). Acetabular landmarks noted at the 
geometric center of the femoral head (A) 
and at a point 5 mm caudal to the 
acetabular dome (B). Image C shows the 5 
mm caudal line on the sagittal sequences. 
This line commonly intercepts the 
acetabulum at 1:30 when viewing the 
acetabulum as a clock face.

Figure 2
Definition of central and cranial acetabular 
measurement locations. Acetabular 
landmarks noted at the geometric center of 
the femoral head (A) and at a point 5 mm 
caudal to the acetabular dome (B). Image C 
shows the 5 mm caudal line on the sagittal 
sequences. This line commonly intercepts 
the acetabulum at 1:30 when viewing the 
acetabulum as a clock face.
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(32) who investigated the change in CEA measurements 
at the lateral acetabular bone-edge at varying locations, 
comparing radiographic measures to CT positions in 60 
hips. The authors reported the CEA measurements at 1:00 
(anterior acetabulum) mirrored those of the radiographic 
sourcil, while those taken at 12:00 mirrored those of the 
radiographic bone-edge. They concluded that the sourcil 
was a quantification of the acetabular coverage from the 
1:00 to 2:00 corridor of the acetabulum, while the bone-
edge was a quantification of focal acetabular coverage at 
12:00. Our measurement protocol calculates the W-CEA 
at both the center of the femoral head and at the anterior 
acetabulum 5 mm below the roof of the acetabulum (Fig. 
4). As noted previously, this anterior acetabular region 
typically falls between 1:00 and 2:00 on the clockface and 
is representative of anterosuperior coverage (32).

Using axial CT sequences, Anda et al. (33) popularized 
a method to determine anterior and posterior coverage of 
the femoral head with three metrics: anterior acetabular 
sector angle (AASA), posterior acetabular sector angle 
(PASA), and horizontal acetabular sector angle (HASA). 
The measurements are recorded on the axial sequence 
through the center of the femoral head, as detailed in 

Fig. 5. These measurements are also performed at the 
cephalad acetabulum to account for variations in these 
regions, and we prefer measurements at 5 mm below the 
acetabular roof so as to record the cephalad sector angle 
measurement at the same location as cranial version. 
This typically corresponds closely to the 10 mm cephalad 
position originally described by Anda et al. (33).

To obtain a more comprehensive understanding of 
acetabular volume, Larson et al. (34) proposed a CT method 
to quantify femoral head coverage in multiple planes. Using 
radial reformatted CT slices for each clockface position on the 
acetabulum, a local coverage percentage can be calculated 
from the circumferential portion of the acetabular roof 
from the horizontal axis to the acetabular rim border point 
(Fig. 6). This technique allows for the analysis of acetabular 
coverage on the femoral head at locations that are in 
between the traditional superolateral, anterior, and posterior 
reference points (34). Nepple et al. (12) utilized this method 
to characterize three types of acetabular morphology in 
patients with acetabular dysplasia: anterosuperior, global, 
and posterosuperior undercoverage.

Steppacher et  al. (35) further scrutinized acetabular 
coverage, distinguishing the cotyloid fossa from the 

Figure 3
Calculation of cranial and central acetabular 
version.

Figure 4
Center edge angle (CEA) measurements at 
bone-edge and sourcil-edge. Sagittal slice 
through the center of the femoral head (A), 
with a transverse blue line depicting the 
cranial position 5 mm below the acetabular 
dome that aligns with the sourcil edge. The 
red line at 12:00 depicts the location of the 
CEA at the bone-edge (B), whereas the green 
line correlates with the typical location 
between 1:00 and 2:00 of CEA at the 
sourcil-edge (C) as demonstrated by Wylie 
et al. (29). Anteroposterior hip radiograph 
(D) demonstrating the locations of the 
bone-edge (red line) and sourcil-edge relative 
to a vertical reference line (black line). 
According to the Lisbon Agreement (16, 17, 
18), the Wiberg center edge angle (W-CEA) 
would measure the sourcil-edge (D, green 
line);, whereas the lateral center edge (L-CEA) 
would utilize the bone-edge (D, red line).
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lunate surface of articular cartilage. Radial reformatted 
axial oblique slices through the center of the femoral 
head are utilized to create 14 different positions along the 
clockface of the acetabulum. At each location, the inner 
and outer center edge angles are used to quantify the size 
and shape of the lunate surface. Pun et al. (36) utilized 
this methodology to characterize two types of pincer 
impingement: increased anterior and posterior lunate 
surface widths (Type 1) and larger fossa size without 
increased anterior and posterior lunate surface widths 
(Type 2). These authors proposed that Type 1 pincers 
hips may be more amenable to rim trimming and Type 
2 pincer hips would be better addressed with a reverse 
periacetabular osteotomy (PAO).

Anterior inferior iliac spine/subspine

Hetsroni et al. (6, 37) classified anterior inferior iliac spine 
(AIIS)/subspine morphology relative to the location of 
the acetabular rim, suggesting that extra-articular hip 
impingement may be associated with subspine variants 
that span farther distally. While originally described on 
false-profile radiographs, subspine abnormalities can 
be assessed on reformatted 3D CT images (Fig. 7) (38). 
Recent evidence suggests that, in comparison to 3D CT 
images, MRI was unreliable in characterizing the subspine 
morphology (39).

Femur

Femoral head–neck junction

In an early study of the femoral head–neck junction, Nӧtzli 
et al. (40) used an axial oblique slice at the center of the 
femoral head to measure the alpha angle, noting cam 
deformities at greater than 50°. However, this single axial 
oblique slice, which was limited to detecting cam lesions 
at the 3 o’clock position, was unable to assess a common 
location for abnormalities at the 1– to 2 o’clock positions 
(41, 42). To address this issue, subsequent studies employed 
radial plane images formatted around the femoral neck 
axis to circumferentially evaluate the femoral head–neck 
junction, including the anterosuperior quadrant (Fig. 8) 
(41, 42, 43). The circumferential evaluation of the femoral 
head–neck junction aids in planning cam resection and 
femoral osteoplasty.

Femoral head–neck offset (FHNO), popularized by 
Eijer et al. (44), is another metric to assess for abnormal 
morphology that can also be measured on radial plane 

Figure 5
Acetabular sector angle measurements at cranial (A) and central 
(B) acetabulum. Anterior acetabular sector angle (AASA), 
posterior acetabular sector angle (PASA), and horizontal 
acetabular sector angle (HASA).

Figure 6
Radial reformatted CT slices for each 
clockface position on the acetabulum as 
described by Larson et al. (31). These 
images can be used to calculate a local 
coverage percentage (C%) from the 
circumferential portion of the acetabular 
roof, which can be determined as angle (θ) 
from the horizontal axis (green line) to the 
acetabular rim border point (red line). Local 
coverage percentage is calculated from the 
equation: C% = θ/180° × 100.
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images (45). FHNO can be utilized to quantify global shift 
of the femoral head relative to the femoral neck, which 
differs from a focal prominence in the head–neck region. 
Furthermore, FHNO can be normalized to a patient’s 
anatomy by calculating the FHNO ratio (FHNO divided by 
radius of the femoral head), which was initially described to 
mitigate differences in radiographic magnification (44, 46).

Version/torsion

The impact of the femoral version on hip function and 
pathology has become increasingly recognized in the 
past decade (10, 11). A recent cross-sectional study of 538 
symptomatic hips suggested an incidence of severe femoral 
version abnormalities in 17% of patients (10). As described 
by Murphy et al. (47), the femoral version is measured as 
the angle between two lines: (1) the center of the femoral 
head to the center of the femoral neck at its base and (2) the 
posterior femoral condylar axis (Fig. 9) (48). Recent interest 
has focused on identifying the location where a femoral 
torsional abnormality occurs, as this may guide treatment 
for determining the site where derotational osteotomy 

should be performed (49, 50). To evaluate whether a 
torsional abnormality occurs in the supratrochanteric or 
infratrochanteric region, Kim et al. (49) measured a line at 
the intertrochanteric axis in addition to the two traditional 
lines used for the femoral version. Using this methodology, 
Waisbrod et al. (50) reported that femoral torsion is most 
frequently located in the infratrochanteric region, rather 
than the supratrochanteric region.

To quantify the contribution of the hip abductors in 
the axial plane, Batailler et al. (51) proposed three new 
measurements to determine the position of the greater 
trochanter: (1) functional antetorsion, (2) posterior tilt, 
and (3) posterior translation of the greater trochanter. 
Using the first axial slice through the superior aspect of 
the femoral neck, a line is made through the axis of the 
greater trochanter, connecting the most lateral point 
of the anterior facet and the most posterior edge of the 
greater trochanter. This axis of the greater trochanter, 
along with the femoral neck axis (as defined by Murphy 
et al. (47)), are utilized to define functional antetorsion, 
posterior tilt, and posterior translation of the greater 
trochanter as demonstrated in Fig. 10. For preoperative 

Figure 7
Anterior inferior iliac spine (AIIS) 
morphology classification as defined by 
Hetsroni et al. (34). The most inferior aspect 
of the AIIS is located above (Type I), at the 
same level (Type II), or below (Type III) the 
acetabular rim.

Figure 8
Radial plane images are reformatted 
circumferentially around the center of the 
femoral neck axis, allowing for evaluation of 
the femoral head–neck junction at each 
location on the clock face.
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planning of a femoral rotational osteotomy, the authors 
concluded that these metrics can help position the greater 
trochanter appropriately in the axial plane, resulting in 
normal functional antetorsion (51).

CT for preoperative planning

CT scan has recently gained an increasing role in 
preoperative planning for non-arthritic hip disorders. 

Rapid technical advancements in the field of automation 
software for multiplanar imaging modalities like 3D CT 
scan have introduced a wide range of new capabilities 
including automated anatomic measurements and virtual 
surgical planning (Fig. 11) (52). These approaches allow 
one to measure radiographic parameters in real-time 
before and after virtual surgical interventions, including 
osteotomies and osteoplasties. The introduction of 3D 
printing of CT-derived anatomy allows for hands-on 

Figure 9
Femoral version measurement (A) as 
described by Murphy et al. (43). Axial slices 
are used to identify the femoral neck axis 
(green line), drawn from a line connecting 
the center of the femoral head depicted by 
the blue dot (B) and base of the femoral 
neck (C). An additional slice through the 
distal femur (D) is used to identify the 
posterior femoral condylar axis (yellow line). 
Femoral version is calculated as the 
summation of the angles created by the 
femoral neck axis and posterior condylar 
axis, relative to a horizontal reference line 
(red line).

Figure 10
Measurement of functional antetorsion, 
posterior tilt, and posterior translation as 
described by Batailler et al. (47). The greater 
axis of the greater trochanter (teal line) 
connects the anterior (point A) and posterior 
aspects of the greater trochanter, with the 
midpoint of this line depicted by point G. 
The femoral neck axis (green line) connects 
the center of the femoral head (blue dot) and 
base of the femoral neck (yellow dot), 
intersecting the greater axis of the greater 
trochanter at point N. Posterior tilt (red 
arrow) is the angle between the femoral neck 
axis and the greater axis of the greater 
trochanter. Posterior translation is the ratio of 
lines AN to AG (AN/AG). Functional 
antetorsion is measured by the difference 
between the posterior condylar axis and a 
line connecting the center of the femoral 
head with the center of the greater axis of 
the greater trochanter (red line). While these 
images are demonstrated on 3D 
reconstructions for clarity, the measurements 
are performed on an axial slice through the 
top of the greater trochanter.
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understanding of the bony morphology which also aids 
in surgical decision-making (53). While the details of these 
advanced techniques are beyond the scope of this article, 
their prospect is certainly noteworthy.

Conclusion

As the field of hip preservation continues to evolve, the 
contributions of structural factors of the hip on clinical 
outcomes have been increasingly recognized. Building 
upon 2D plain radiographs, CT imaging has helped 
to comprehend the 3D osseous structure of the hip, 
advancing the management of non-arthritic hip pain. 
Future directions of hip diagnostics will aim to translate 
these static 3D images into a dynamic assessment of 
hip kinematics, possibly through computer software 
simulations and/or dynamic in vivo imaging.
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