Technical Note

Intraoperative Use of Ultrasound for Assessing Cam @ ®

Deformity and Cam Resection
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Abstract: The use of intraoperative fluoroscopy is standard among hip arthroscopist to evaluate and confirm the ade-
quacy of cam resection in patients with femoroacetabular impingement syndrome. However, given the inherent limita-
tions of fluoroscopy, additional intraoperative imaging, such as ultrasound, should be pursued. We offer a technique to
measure alpha angles intraoperatively using ultrasound to determine adequate cam resection.

Femoroacetabular impingement syndrome (FAIS) is
a condition characterized by hip symptoms, clinical
signs, and radiographic evidence of bony impingement,
caused by either a sphericity mismatch between the
femoral head and acetabulum (cam deformity) or
excessive acetabular coverage of the femoral head
(pincer deformity)."” This osseous impingement can
lead to abnormal hip joint kinematics and damage to
surrounding soft-tissue structures, such as the acetab-
ular labrum and articular cartilage.'”° Resultant labral
tears and cartilage damage can contribute to early
development of osteoarthritis.”” Surgical
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management typically involves hip arthroscopy with a
focus on resection of the bony deformity, restoring
the femoral head-neck offset. Incomplete cam resec-
tion is the leading cause of failed hip arthroscopy, with
up to 81% of revision cases found to have residual cam
deformity.'”'" This observation reveals the importance
of complete cam resection in patients with FAIS,
thereby showing the need for quantitative measure-
ment of the cam deformity preoperatively to assist with
surgical planning and both intraoperatively and post-
operatively to evaluate the adequacy of the resection.

The alpha angle is such a measurement. It is typically
measured on radiographs and used not only to diagnose
and quantify cam deformities in FAIS patients prior to
hip arthroscopy but also to evaluate the sufficiency of
bony resection after surgery.'” Intraoperatively, fluo-
roscopy is most frequently used by hip arthroscopists to
evaluate and confirm the adequacy of cam resec-
tion.'”'* Although fluoroscopy allows for real-time
assessment and provides good visualization of bony
deformities via good bony clarity on radiography and
easy mobility of the C-arm, it comes with significant
disadvantages, including ionizing radiation exposure,
additional personnel in the operating room, and the
need for a lead shield, which can be heavy and
cumbersome. Given these limitations, there is reason to
investigate other imaging modalities for intraoperative
evaluation of cam resection.

Ultrasound (US) is a non-ionizing, cost-effective,
accessible imaging modality that is commonly used for
intra-articular hip injections and dynamic hip exami-
nations.'” Studies have shown that US can also be used
to assess the alpha angle, showing good to excellent
correlation with alpha angles measured on radiographs,
as well as computed tomography (CT) and magnetic
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Fig 1. Left hip of operative patient with cam deformity on traction table in supine position with hip extended. With the hip in
neutral rotation (A) and the hip in 30° of internal rotation (B), measurements are made with a goniometer. The ultrasound probe
is placed in the transverse oblique plane, parallel to the axis of the femoral neck and perpendicular to the skin. With the hip in
extension, 3 views are measured (neutral, 30° of internal rotation, and 30° of external rotation).

resonance imaging (MRI) scans.'®'® Although US can
be used to assess the alpha angle,'®?° much of the
literature regarding the use of US in hip arthroscopy
has addressed arthroscopic portal placement.”' *’
Given the significant disadvantages of fluoroscopy, the
use of US to assess the alpha angle intraoperatively
and, thereby, the adequacy of cam resection is of
substantial interest in the arthroscopic treatment of
FAIS. The purpose of this technical article is to
provide instruction and guidance on the use of

intraoperative US to measure the alpha angle and
determine the adequacy of cam resection.

Technique

Setup and Positioning

The patient is positioned supine on a flat examination
table if undergoing US in an office setting or supine on a
traction table if undergoing US intraoperatively (Figs 1
and 2). One advantage of US examination versus

Fig 2. Left hip of operative patient with cam deformity on traction table in supine position with hip extended. With the hip in 30°
of external rotation (A) and the hip flexed to 50° (B), measurements are made with a goniometer. The ultrasound probe is placed
in the transverse oblique plane, parallel to the axis of the femoral neck and perpendicular to the skin. With the hip in flexion, 3
views are assessed (neutral, 40° of external rotation, and 60° of external rotation).
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Table 1. Pearls and Pitfalls for Ultrasonographic Measurement of Alpha Angles

Pearls

Pitfalls

Stay perpendicular to the skin with the probe to maintain accurate
imaging.

Take the hip from extension and internal rotation to flexion and
external rotation to see the lateral and anterior surfaces.

Note that each point used to create a perfect circle around the
femoral head should be on concentric bone to avoid erroneously
including the deformity.

Moving both probe and patient hip position
Only measuring alpha angle from 1 hip position

Including cam deformity in circumference of femoral head

radiography is the ability to quickly obtain imaging in
several different hip positions, without any increased
radiation exposure. This allows for alpha angle mea-
surement at different points along the femoral neck,
providing a better 3-dimensional understanding of the
deformity. Additionally, if the examination is performed
in the office, one can obtain a similar dynamic assess-
ment of the femoral neck using US preoperatively to that
obtained during surgery with fluoroscopy, providing an
opportunity for a better intraoperative comparison.
Accordingly, the hip is taken through a range of po-
sitions during US examination, mimicking the positions
assessed intraoperatively to evaluate residual deformity.
This consists of both flexion and extension positions,
with external, neutral, and internal rotation. Views
with the hip in extension allow for assessment of the
lateral femoral head-neck junction, whereas views ob-
tained with hip flexion allow for anterior assessment.

US Assessment
An example of a right hip US examination, with a
corresponding frog-leg lateral radiograph obtained in

Fig 3. Ultrasound of a right hip in 50° flexion and 40°
external rotation while in the supine position on the traction
table. The first step to measuring the alpha angle using the
ultrasound is to draw a tangential line (aqua line) next to the
spherical head, identifying the distal most point of the joint
capsule insertion, approximating the central axis of the
femoral neck. This technique is repeated in all 6 dynamic
positions of the hip. Green dot denotes the superior and su-
perficial anatomy when utilizing the ultrasound.

the office, is presented. A Sonosite C5-1 probe (Fuji-
film, Tokyo, Japan) is used. A detailed description of the
US assessment is described in Video 1. The US trans-
ducer is placed in the transverse oblique plane, parallel
to the axis of the femoral neck and perpendicular to the
skin. This transducer position creates an image similar
to the transverse oblique plane obtained by an MRI
scan. The hip is initially placed in extension and inter-
nal rotation, and an image capturing at least a portion
of the spherical head and the distal insertion of the joint
capsule is obtained to allow for standardized alpha
angle measurement. This is saved for later measure-
ment, and the limb is rotated to a neutral position. The
process is repeated until all 6 positions have been
imaged. Pearls and pitfalls of the technique can be
found in Table 1.

On each image, the alpha angle is measured using the
following technique: First, the distal-most point of the
joint capsule insertion is identified, and a tangential line
to the spherical femoral head is drawn (Fig 3). This line
approximates the central axis of the femoral neck used
in radiographic measurement.

Next, a perfect circle is drawn around the femoral
head. This is created by using 3 points along the visible
portion of the head, with as much spread as possible
between them to improve accuracy (Figs 4 and 5). All 3
points should be placed on the concentric portion of the
head to avoid erroneously including the cam deformity.

With the use of the center of the perfect circle as the
hinge point, a line parallel to the tangential line, drawn
earlier, is drawn down the axis of the femur. A line from
this central point to the point at which the femoral head
loses sphericity is then drawn. Finally, the alpha angle is
calculated (Fig 6). This process is repeated for each hip
position. Examples of intraoperative imaging before and
after femoroplasty are shown in Figures 7-10.

Discussion
This article explains and demonstrates the method-
ology for intraoperative use of US to quantitatively
assess cam resection via pre- and post-resection alpha
angle measurement. Several studies and technical ar-
ticles have examined intraoperative use of US during
hip arthroscopy for portal placement and for diagnoses
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Fig 4. Ultrasound of a right hip in 50° flexion and 40°
external rotation while in the supine position on the traction
table. After the tangential line (aqua line) is drawn, to
approximate a perfect circle around the femoral head, three
points (red X’s) are marked along the visible, concentric
portion of the head. This technique is repeated in all 6 dy-
namic positions of the hip. Green dot denotes the superior and
superficial anatomy when utilizing the ultrasound.

other than FAIS.”' **?® Technique articles describing
US-guided portal placement found it to be effective and
reported low rates of chondral or labral injury; how-
ever, they did not compare US with conventional
fluoroscopy.?' ?* In a recent cadaveric study in which
portals were made by the same surgeon under US
versus fluoroscopic guidance, Trasolini et al.”” found
rates of iatrogenic injury to be significantly greater with
US guidance. In contrast, Byrd et al."” compared US-
versus fluoroscopy-guided hip injections and found a
success rate of 98% with US guidance. Moreover, pa-
tients reported greater convenience and less pain with

Fig 5. Ultrasound of a right hip in 50° flexion and 40°
external rotation while in the supine position on the traction
table. After the tangential line (aqua line) is drawn and three
points (red X’s) are marked along the femoral head, a perfect
circle (orange circle) is then created around the femoral head.
This technique is repeated in all 6 dynamic positions of the
hip. Green dot denotes the superior and superficial anatomy
when utilizing the ultrasound.
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Fig 6. Ultrasound of a right hip in 50° flexion and 40°
external rotation while in the supine position on the traction
table. Using the center of the perfect circle (orange circle) as a
hinge point, a line (aqua line) parallel to the tangential line is
drawn down the axis of the femur. Another line (red line) is
then drawn from the central portion of the circle to the
location where the femoral head loses sphericity, and the
alpha angle is calculated, which in this case was 80 degrees.
This technique is repeated in all 6 dynamic positions of the
hip. Green dot denotes the superior and superficial anatomy
when utilizing the ultrasound.

the US-guided injections and, consequently, reported a
strong preference for them.'” These findings were
consistent with the results of a study performed by
Gordey and Wong”’ showing that US-guided hip
arthroscopy is a safe alternative to standard fluoros-
copy, with low complication rates and no significant
differences in the occurrence of cartilage injury or labral
puncture (P > .05) between the 2 techniques.

A number of studies have explored the efficacy of US
for the evaluation of cam-type FAIS, with variable re-
sults.’®' An early study by Buck et al.'® found highly
variable sensitivity and specificity of the qualitative
sonographic signs they assessed as compared with MRI,
which served as the gold standard, and receiver oper-
ating characteristic curve analysis of alpha angle mea-
surements made using US showed a low area under the
curve. Moreover, interobserver agreement was low for
qualitative sonographic signs and moderate for alpha
angle measurements.'® In contrast, Lerch et al.'® found
no significant differences in alpha angles measured using
US versus MRI, with strong correlations between US and
MRI measurements in all hip positions. Robinson et al."”
found significant discrepancies between alpha angles
measured using US and CT, serving as the gold standard,
with a mean absolute difference between the measure-
ments of 10.5° despite mean values of 64.5° and 62.5°,
respectively. Nevertheless, the US measurements
showed a high sensitivity and negative predictive value
for detecting cam deformity, albeit with low specificity."”

Lerch et al."” also explored the utility of US for
measuring alpha angles after resection, finding
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Pre-Femoroplasty
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Fig 7. Ultrasound (left) and fluoroscopic (right) images of left hip of operative patient on traction table in supine position prior to
femoroplasty. The different views of the femoral neck pathology with different rotations (flexion-neutral and flexion—external
rotation) can be appreciated, as can the similarity between ultrasound and fluoroscopy. Blue dot denotes superior anatomic position.

postoperative measurements to be significantly smaller
than preoperative measurements in all hip positions
and 95% of postoperative measurements to be below
the typical cutoff value of 50°. However, there was no
comparison with a gold-standard alternative method-
ology."” A recent cadaveric study by Clapp et al.>® was
the first to investigate the use of intraoperative US to
assess the adequacy of cam resection via pre- and post-

Pre-Femoroplasty
Flexion-Neutral

Pre-Femoroplasty
Flexion-External

resection alpha angle measurements. These measure-
ments were compared with measurements made using
contemporaneous fluoroscopy; no significant differ-
ences were found in any of 6 hip positions except
flexion with neutral rotation.

The use of US for intraoperative assessment of cam
resection would be an ideal solution to many of the
inherent disadvantages of fluoroscopy, but it faces

Fig 8. Ultrasound (left) and fluoroscopic (right) images of left hip of operative patient on traction table in supine position prior to
femoroplasty. Different views of the femoral neck pathology with different rotations (flexion-neutral and flexion—external
rotation) on both ultrasound and fluoroscopy are shown with alpha angles (blue circles and angle lines) drawn, demon-
strating the technique and showing the similarity in measurements. Blue dot denotes superior anatomic position.
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Post-Femoroplasty
Flexion-Neutral

Post-Femoroplasty
Flexion-External
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Fig 9. Ultrasound (left) and fluoroscopic (right) images of left hip of operative patient on traction table in supine position after
femoroplasty. The different views of resolution of the femoral neck pathology with different rotations (flexion-neutral and
flexion—external rotation) can be appreciated, as can the similarity between ultrasound and fluoroscopy. Blue dot denotes

superior anatomic position.

several limitations. Its potential inferiority for arthro-
scopic portal placement may still necessitate fluoros-
copy at the beginning of the procedure. Given the pre-
eminent importance of complete cam resection, the
heterogeneous results of studies comparing alpha angle
measurements using US versus gold-standard modal-
ities such as MRI, CT, and fluoroscopy, and the steep
learning curve associated with performing and inter-
preting US measurements,””*’ surgeons may be

Post-Femoroplasty
Flexion-Neutral

Post-Femoroplasty
Flexion-External

hesitant to rely on US for intraoperative assessment of
cam resection. Moreover, the intraoperative use of US
can be logistically challenging, requiring an assistant
to hold the arthroscopic instruments while the
surgeon handles the transducer. For these reasons, US
may be more effective for preoperative screening and
assessment of cam deformity—particularly given its
high sensitivity and potential equivalence with gold-
standard alpha angle measurement techniques—and

Fig 10. Ultrasound (left) and fluoroscopic (right) images of left hip of operative patient on traction table in supine position after
femoroplasty with alpha angles (blue circles and angle lines) drawn using described technique. Similarities between ultrasound
and fluoroscopy can be noted in the different rotations (flexion-neutral and flexion—external rotation). Blue dot denotes su-

perior anatomic position.
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postoperative assessment of cam resection. Its use could
help reduce ionizing radiation exposure during these
less critical time points.
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