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Abstract

Objective To determine if hip 3D-MR imaging can be used to accurately demonstrate femoral and acetabular morphology in the
evaluation of patients with femoroacetabular impingement.

Materials and methods We performed a retrospective review at our institution of 17 consecutive patients (19 hips) with suspected
femoroacetabular impingement who had both 3D-CT and 3D-MRI performed of the same hip. Two fellowship-trained muscu-
loskeletal radiologists reviewed the imaging for the presence and location of cam deformity, anterior—inferior iliac spine variant,
lateral center-edge angle, and neck—shaft angle. Findings on 3D-CT were considered the reference standard. The amount of
radiation that was spared following introduction of 3D-MRI was also assessed.

Results All 17 patients suspected of FAI had evidence for cam deformity on 3D-CT. There was 100% agreement for diagnosis
(19 out of 19) and location (19 out of 19) of cam deformity when comparing 3D-MRI with 3D-CT. There were 3 type I and 16
type I anterior—inferior iliac spine variants on 3D-CT imaging with 89.5% (17 out of 19) agreement for the anterior—inferior iliac
spine characterization between 3D-MRI and 3D-CT. There was 64.7% agreement when comparing the neck—shaft angle (11 out
of 17) and LCEA (11 out of 17) measurements. The use of 3D-MRI spared each patient an average radiation effective dose of
3.09 mSV for a total reduction of 479 mSV over a 4-year period.

Conclusion 3D-MR imaging can be used to accurately diagnose and quantify the typical osseous pathological condition in
femoroacetabular impingement and has the potential to eliminate the need for 3D-CT imaging and its associated radiation
exposure, and the cost for this predominantly young group of patients.
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Introduction

Femoroacetabular impingement (FAI) is caused by repetitive
motion by an abnormal proximal femur and/or acetabulum
during a terminal range of motion [1]. Patients with FAI are
generally young and active, and have hip or groin pain, which
is at its worst with prolonged sitting and with hip flexion and
internal rotation [1]. The accurate diagnosis and
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characterization of the soft tissue and osseous pathological
condition in FAI patients is paramount to initiating therapy
and potentially altering the natural history of the disease
[1-10].

The imaging algorithm for FAI patients typically begins
with pelvic and hip radiographs to assess for the presence
and degree of hip osteoarthritis in addition to abnormal bone
morphology such as cam deformities, acetabular retroversion,
and anterior inferior iliac spine (AIIS) hypertrophy [11-13].
The Dunn view, or elongated femoral neck view, is useful for
defining the anterior—superior femoral head—neck junction,
and has higher sensitivity than the cross table lateral in dem-
onstrating a cam deformity [14]. A false profile view can also
demonstrate anterior acetabular overcoverage. MRI is typical-
ly ordered to evaluate for the common soft-tissue injuries seen
in FAI, including labral tears and cartilage degeneration [15,
16]. High-resolution CT imaging with 3D reconstructions can
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be utilized for more accurate evaluation of the bony
pathomorphology of FAI 3D-CT is of particular importance
to both surgeon and radiologist for its accurate depiction and
quantification of the abnormal bone morphology, allowing for
preoperative planning and understanding of the underlying
FAI biomechanics [17-22]. Although effective, this imaging
algorithm can predispose the typical young FAI patient popu-
lation to an increased radiation dose from radiographic and CT
studies and the higher costs associated with obtaining both
MRI and CT.

Magnetic resonance imaging with 3D reconstructions has
already been shown to be an accurate means of evaluating
shoulder anatomy and bone pathological conditions in the
setting of shoulder instability [23, 24]. Were 3D-MRI to dem-
onstrate similar effectiveness in evaluating the bony patholog-
ical condition of FAI, this would obviate the need to perform
CT. The aim of this study was to determine if 3D-MRI of the
hip can be used to accurately demonstrate femoral and acetab-
ular morphology in the setting of FAI when compared with
3D-CT. We hypothesized that there would be no significant
difference when comparing these two types of 3D imaging.
The amount of radiation that was spared following the intro-
duction of 3D-MRI at our institution was also studied.

Materials and methods

Institutional review board approval was obtained, and in-
formed consent was waived for the retrospective Health
Insurance Portability and Accountability Act-compliant study.

We performed a retrospective review of 17 consecutive
patients (15 with unilateral studies, and 2 with bilateral stud-
ies, for a total of 19 hips) who underwent both CT and MRI of
the same hip at our institution over a 9-month period with the
following inclusion criteria:

1. Patients suspected of having FAI based on physical
education
2. No prior hip surgery

3. Patients undergoing CT and MR examination with 3D
reconstructions of the same hip within a 6-month period

Imaging techniques

The MRI studies were performed on a 3-T MR scanner
(Siemens Medical; see Table 1 for a summary of MRI
sequences and parameters). In addition to routine se-
quences, each MRI examination included an axial 3D dual
echo-time T1-weighted FLASH sequence with Dixon-
based water—fat separation with the following parameters:
TR 10, TE 2.4, field of view of 200 mm, acquired voxel
size of 1.0 x 1.0 x 1.4 mm, reconstructed voxel size 1.0 x
1.0 x 1.0 mm, flip angle 145 °, matrix 192 % 100, band-
width of 350, and a slice thickness of 1 mm. All patients
were imaged with an 18-channel body phase array coil.
The Dixon imaging acquisition time was 3:28 min. We
used a previously described post-processing technique to
create the 3D MR reconstructions [23, 24]. The 3D recon-
structions were done at the original time of the examina-
tion by the specialized technician in our 3D imaging lab-
oratory. The reconstructed 3D images were subsequently
sent to PACS for evaluation and measurement.

Each CT examination was performed on a 40-slice scanner
(Siemens Medical) with a protocol consisting of volumetric 3-
mm acquisitions through the hip and the following parame-
ters: 120 kV, 280 mAs, pitch 0.9, 0.6-mm collimation, and a
smooth algorithm. The axial images then underwent manual
segmentation, generating 3D reconstructions of the hip (Tera
Recon software [4.4.5.36.2068]).

Imaging evaluation

Two fellowship trained musculoskeletal radiologists (11 and
6 years of experience respectively), who were blinded to the
patient’s clinical history, performed a consensus review of the
3D-MRI and 3D-CT reconstructions of each hip. These re-
views were performed in a random fashion in two separate
sessions, separated by 2 weeks to ensure that the 3D-MR and

Table 1 Summary of MRI

sequences and parameters Sequence Plane Slice TR (ms) TE (ms) Field of view  Acquisition

thickness (mm x mm) matrix
(mm)

STIR Coronal 5 4,000 35 350 192 x 256

PD FS Sagittal 3 2,900-3,000  22-35 160 256 x 256

T2 FS Axial 3 3,500-,4500 40 200 224 x 256

PD Coronal 3 3,000-3,500  34-38 160 192 x 256

PD Oblique axial 3 2,900-3,000  22-35 200 224 x 256

Dixon Axial 1 10 2.4 200 192 x 100

STIR short tau inversion recovery, PD proton density, FS fat-suppressed, TE echo time, TR repetition time

@ Springer



Skeletal Radiol (2019) 48:429-436

431

Fig. 1 A 34-year-old man with anterior left hip pain. Cam deformity and
its location. a, b 3D volume rendered CT and ¢, d MRI images of the left
femur demonstrate a large anterior cam deformity (arrows)

3D-CT models of the same patient were not reviewed in the
same session. Three sets of 3D models were obtained includ-
ing a femur only model following computerized subtraction of
the acetabulum, an acetabulum only model following comput-
erized subtraction of the femur, and a combined femur and

Fig.2 A 41-year-old woman with
left hip pain. Femoral neck—shaft
angle measurement. a 3D volume
rendered CT and b MRI images of
the left hip demonstrate the
femoral neck—shaft angle
following definition of the
femoral neck axis and drawing
two circles in the femur to define
the long femoral axis. Note that
two thirds of the length of the
lesser trochanter is visible on the
3D images

acetabulum (hip) model. For each study, the femoral model
was evaluated for:

1. The presence of a cam deformity as reduced offset at the
femoral head—neck junction

2. The cam location, anterior or posterior at the femoral
head-neck junction (Fig. 1)

3. Femoral neck—shaft angle (NSA) formed by the axis of
the femoral shaft and the femoral neck axis (Fig. 2)

The measurement on the femoral model is performed follow-
ing tilting of the model in the sagittal plane so that the long
axis of the femoral shaft becomes parallel to the vertical axis
of the image and rotating it until two thirds of the transverse
width of the lesser trochanter, measured from the base to the
tip of the trochanter, comes into profile. The center of the
femoral head and the waist of the neck were determined to
define the femoral neck axis. The long axis of the femur shaft
was defined by a line connecting the centers of two circles
placed around the outer margins of the sub-trochanteric femur
at two positions: the center of the upper circle was positioned
at the lower margin of the lesser trochanter and the lower circle
was drawn 2 cm below the first within the confinement of the
image (Fig. 2) [25].

Each 3D acetabulum and hip model was assessed for the AIIS
morphology variant according to the classification proposed by
Hetsroni et al. [26] and the lateral center edge angle (LCEA)
(Figs. 3 and 4). To measure the LCEA, the transverse axis of
the pelvis was determined using a line passing through the center
of the femoral heads. If the contralateral hip was not included in
the study field of view, an attempt was made to determine the true
transverse plane of the pelvis using the scout coronal images and
transferring the axis line to the 3D images [25]. To draw the circle
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Fig.3 A 27-year-old woman with
left hip pain. Anterior—inferior il-
iac spine morphology. a, b 3D
volume rendered CT and ¢, d
MRI images of the left hip
demonstrate type II anterior—
inferior iliac spine as images
rotate in two different views
(arrows)

Fig.4 A 41-year-old woman with left hip pain. Lateral center-edge angle
measurement. a 3D volume rendered CT and b MRI of the left hip
demonstrate measurement of the lateral center-edge angle from the
center of the femoral head determined by the best fit circle around the
femoral head to the edge of lateral bone
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of best fit around the femoral head for determining the center of
the femoral head, the circle was initially defined on the femur
model and applied to the hip model, as the femoral head is
partially covered by the acetabulum. The LCEA was measured
as the angle between a line perpendicular to the transverse axis of
the pelvis and a second line extending from the center of the
femoral head to the lateral margin of the acetabular roof. All
measurements discussed represent two-dimensional measure-
ments performed on 3D volume rendered images. The findings
on the 3D-CT reconstructions were considered the reference
standard.

Radiation dose

To assess the amount of radiation spared following introduc-
tion of 3D-MRI at our institution, we performed a separate
retrospective review of a different cohort who had orders for
3D CT or MRI reconstructions for FAI submitted to our 3D
laboratory from April 2012 to March 2016. The ability to
create 3D MRI reconstructions was first introduced at our
institution in 2012, whereas 3D CT reconstructions were
available before that year. We reviewed the orders and corre-
sponding patient medical records for the following informa-
tion: age, gender, date of study, and clinical indication. The
estimated spared effective dose was recorded for each patient
who avoided CT by having MRI, based on the dose computed
by the scanner for the CT hip protocol for FAI patients.

Statistical analysis

Statistical analysis included simple kappa coefficients to mea-
sure inter-rater agreement. Reliability measurements were
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calculated using the Shrout—Fleiss intraclass correlation coef-
ficients for continuous parameters and weighted Kappa for
categorical parameters.

Results

There were a total of 17 patients (19 hips), 9 male and 8
female, with a mean age of 37 (range 17-63 years) who met
our inclusion criteria. All 17 patients had a clinical diagnosis
of FAIL Two patients had bilateral hip imaging. Three sets of
3D imaging models, as discussed for both MRI and CT, were
obtained for all patients. The mean total post-processing time
required to produce 3D-MRI reconstructions was approxi-
mately 7 min (5.2-9 min) for each study, and 6.5 min (4—
8.3 min) compared with that of 3D-CT reconstructions.

All 17 patients with suspected FAI had evidence of an
anterior cam deformity on 3D-CT imaging (Fig. 1). There
was 100% agreement in terms of presence (19 out of 19)
and location (19 out of 19) of the cam deformity when com-
paring the interpretations made on 3D-MRI with those made
on 3D-CT. The simple kappa coefficients for cam presence
and locations were both 1. Relative to CT as the reference
standard, MRI had an accuracy of 89.5% (17 out of 19) for
AIIS characterization, with a simple kappa coefficient of 0.46
between MRI and CT. There were 3 type [ and 16 type II AIIS
variants on 3D CT imaging (Fig. 2). There were 2 type II
variants called on 3D-MRI that were type I on 3D-CT.

There was 64.7% (11 out of 17) agreement for femoral
NSA and 64.7% (11 out of 17) agreement for LCEA

measurements between 3D-MRI and 3D-CT. We defined the
angle measure from MRI as accurate relative to CT when the
values produced by MRI and CT for the same hip differed by
no more than 5°. The data used for analysis are summarized in
Table 2. The NSA in MRI for 2 patients was not measured
because there was not enough coverage of the femoral shaft to
reliably determine the femoral shaft axis. In 2 patients, the
LCEA on MRI was not included because the true transverse
axis of the pelvis could not be determined, as the contralateral
hip was not included and the coronal scout images were
suboptimal.

There were a total of 185 reconstructions for FAI patients, 155
3D-MRI and 30 3D-CT between April 2012 and March 2016.
On average, there were 36 3D-MRI and 7 3D-CT reconstructions
each year. The use of 3D-MRI spared all 155 patients from CT
study and each patient an average radiation effective dose of 3.09
mbSYV, for a total reduction of 479 mSV.

Discussion

Hip preservation procedures, particularly hip arthroscopy, are
being performed with an almost exponential increase in the
number of procedures performed annually [22]. The most
common cause of reoperation in hip arthroscopy is the failure
to adequately address the osseous pathological condition [22,
27]. Therefore, adequate preoperative understanding and char-
acterization of the osseous pathological condition is para-
mount to ensuring optimal outcomes for the FAI patient
population.

Table 2 Summary of imaging

measurement data Patient ~ Femoral neck shaft Coronal center edge Cam Cam AIIS type

angle angle presence location
CT MRI CT MRI CT MRI CT MRI CT MRI
1 137 134 46 - 1 1 1 1 2 2
2 135 134 40 37 1 1 1 1 1 2
3 129 133 33 33 1 1 1 1 2 2
4 130 137 27 37 1 1 1 1 2 2
5 138 136 26 26 1 1 1 1 2 2
6 125 136 41 34 1 1 1 1 2 2
7 125 127 25 22 1 1 1 1 2 2
8 138 136 42 38 1 1 1 1 1 1
9 136 - 36 33 1 1 1 1 2 2
10 129 128 38 37 1 1 1 1 1 2
11 140 133 17 24 1 1 1 1 2 2
12 139 133 31 28 1 1 1 1 2 2
13 132 134 31 24 1 1 1 1 2 2
14 134 135 24 18 1 1 1 1 2 2
15 131 139 18 22 1 1 1 1 2 2
16 133 130 36 37 1 1 1 1 2 2
17 136 - 55 - 1 1 1 1 2 2
18 136 134 55 46 1 1 1 1 2 2
19 131 124 35 33 1 1 1 1 2 2
Mean 1333 133.1 34.0 31.1
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Our findings suggest that 3D-MRI can be used as an alter-
native to 3D-CT for the evaluation of the FAI patient popula-
tion. There was 100% agreement for the diagnosis and loca-
tion of cam deformities and good agreement for defining the
AIIS type. These variables guide treatment for this cohort and
are both paramount in the surgeon’s preoperative plan. In ad-
dition, there was fair agreement for the femoral NSA and
LCEA measurements.

At most centers, high-resolution CT with 3D reconstruc-
tions is ordered to better understand and visualize abnormal
osseous anatomy. The 3D-CT is thought to provide a more
accurate representation of the osseous anatomy compared
with 2D imaging and is thus more helpful in preoperative
planning [21, 28]. However, CT exposes patients to additional
radiation and carries the cost of additional cross-sectional im-
aging. At our institution, the hip preservation surgeons have
decreased their use of preoperative CT, and base their evalu-
ation and preoperative planning on 3D-MRI alone. This
change in our practice has resulted in a considerable reduction
in effective radiation dose (479 mSV) in this predominantly
young population since the introduction of 3D-MRI.

One previous study described a different technique for pro-
ducing 3D-MRI of the hip to evaluate a patient with FAI [29].
The authors used a 3D gradient echo (VIBE) sequence based
on magnetic resonance arthrography (MRA) on one patient to
produce the reconstructions and design a virtual 3D model to
quantify the maximal range of hip motion [29]. They per-
formed a 3D dynamic evaluation for the visualization and
quantification of the impingement zones between the femur
and acetabulum. The authors manually marked and stored
bony structures in each individual MRA slice, resulting in
increased post-processing time. This increase in time is not
reported in their study. In another case report, Chhabra et al.
compared 3D-CT and 3D-MRI in a case of FAI with chronic
acetabular rim fracture [30]. They used 3D isotropic spin echo
type imaging on a 3-T scanner with bone segmentation and
surface rendering using the available CT software and report-
ed 27 min of additional processing time required (7 min for
3D image acquisition and 20 min for image reconstruction)
[30]. Neither of these studies assessed the FAI morphology. It
bears noting that at our institution, the total post-processing
time for producing 3D-MRI reconstructions is approximately
7 min per study, nearly identical to that of 3D-CT reconstruc-
tions. The small amount of time needed to produce these 3D
MR reconstructions has been crucial to the successful incor-
poration of this imaging technique into our workflow.

Our study suggests that 3D MR hip reconstructions may be
sufficient to replace preoperative 3D-CT scans in the evalua-
tion of the young patient with suspected FAL. We found fair
agreement for the NSA and LCEA measurements between
3D-MRI and 3D-CT. The LCEA has been shown to reliably
quantify excessive acetabular coverage (pincer deformity)
when the angle is above 39-40° [6, 11, 22, 31, 32] and hip
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dysplasia [33], with values less than 20-25° [33-36]. In addi-
tion, NSA is one of the parameters that assesses the position
and interaction of the proximal femur and the acetabulum.
Reduced femoral NSA (coxa vara) in the presence of cam
deformity can result in earlier impingement and FAI symp-
toms with flexion—internal rotation [37, 38]. It is unclear why
there was less agreement between femoral NSA and LCEA
measurements compared with other assessments of osseous
morphology. One potential reason is the lack of established
measurement methods specific to 3D models, as these two
measurements are typically performed on radiographs or 2D
imaging. Further studies are required to create the standard
method for these measurements on 3D models, for example
by taking into account the pelvic incidence and hip flexion and
comparing them with the radiographs as the current reference
standard. Another potential limiting factor in measuring
LCEA on 3D images is the absence of whole pelvis imaging
in a few of our cases. This limits the correction for pelvic tilt,
which is required for improved reproducibility and accuracy
of measurements [39, 40]. This limitation can be addressed in
future studies by including whole pelvis in MRI image
acquisition.

There are several limitations with our study, beginning with
our small sample size. The concern over the additional cost
and radiation related to the CT imaging has prompted the hip
preservation orthopedic surgeons at our institution to decrease
the number of CTs ordered, and only a small cohort of patients
underwent both 3D-CT and MRI studies of the same hip.
Second, our study lacks asymptomatic controls, as those pa-
tients selected for advanced imaging in our study had symp-
toms of impingement. Hip pain is a prerequisite for these
patients for obtaining both CT and MRI of the same hip. It
would be unethical to submit an asymptomatic patient to the
ionizing radiation of a CT scan without a symptom. We ac-
knowledge that there is selection bias in this study, as all
patients selected for advanced imaging were screened by X-
rays and evaluated for hip pain. Of note, previous studies have
encountered these same limitations [20, 37, 41]. Third, we
acknowledge that other parameters of FAI in the preoperative
evaluation, such as femoral and acetabular retroversion, were
not studied, mainly because of the technical limitations and
lack of standard methodology.

Finally, there is currently support for advanced 3D hip
models, mainly 3D-CT, for research and for potential use in
more challenging FAI cases, such as revision FAI surgery
[42]. With respect to the clinical outcome, future research
can help to determine if adding advanced 3D hip imaging
for pre-surgical planning can improve surgical outcomes for
FAI patients compared with using 2D imaging and plain
radiographs.

We have shown that 3D-MRI of the hip can be used to
accurately diagnose and quantify the typical osseous patho-
logical conditions in patients with FAI. These 3D MR
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reconstructions have the potential to eliminate the need for
3D-CT imaging for this predominantly young group of pa-
tients, and its associated radiation exposure and cost.
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