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Two-Tiered Resection of Cam Lesions in Hip
Femoroacetabular Impingement: Optimizing Femoral

Head Sphericity
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Abstract: Hip arthroscopy is one of the most rapidly growing fields in orthopaedic surgery. One of the most frequent
pathologies treated with hip arthroscopy remains femoroacetabular impingement, which is addressed by labral repair and
femoral osteoplasty. The most commonly cited reason for failure of arthroscopic treatment of femoroacetabular
impingement is under-resection of the cam lesion. Surgeons frequently use evaluations of preoperative images, intra-
operative fluoroscopy, and dynamic range of motion to ensure adequate resection. In this article, we describe a repro-
ducible and standardized technique to assist in appropriate resection. This is achieved by a 2-tiered resection technique:
Tier 1 aims to set the depth of resection and restore the head-neck offset. Tier 2 then matches the depth of the resection set
by tier 1 and allows for retention of appropriate transition of the proximal convexity to the distal concavity seen in more
ideally shaped femoral heads. With this technique, we offer a tool to avoid under-resection in the area of maximal conflict
while simultaneously minimizing the risk of proximal over-resection and thus compromising the fluid seal dynamics of
the joint in deeper flexion angles.
ip arthroscopy is a technically challenging pro-
Hcedure owing to the unique anatomy of the hip
including the bony constraints and thick soft-tissue
envelope, which initially limited its use.1 With recent
advancements in surgical instrumentation and an
improved understanding of disease processes, the use of
hip arthroscopy is growing rapidly, with the number of
procedures performed increasing nearly 600% from
2006 to 2014 and 85% from 2011 to 2018.2,3 The
current indications for hip arthroscopy include lavage
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of a septic joint, removal of loose bodies, repair of
symptomatic labral tears, and osteoplasty for femo-
roacetabular impingement (FAI).2,4

FAI is the result of abnormal bony morphology of the
proximal femur and acetabulum leading to pathologic
contact and shearing of the acetabular labrum and
articular cartilage, which is caused by cam morphology
of the femoral head-neck junction, pincer morphology
of the acetabulum, or a combination of both.5 Arthro-
scopic techniques such as femoral osteoplasty for cam
lesions and rim trimming of pincer lesions have been
developed to restore the normal anatomy with the goal
of preventing further damage.6

Despite continued advances, failure rates after pri-
mary hip arthroscopy as high as 13.2% to 15.1% are
reported, leading to rates of revision hip arthroscopy
between 3.8% and 4.5%.7-9 The most commonly
reported reason for revision hip arthroscopy in the
setting of FAI is inadequate bony resection.1,10,11

Common strategies to combat under-resection include
careful analysis of preoperative images, use of intra-
operative fluoroscopy, and evaluation of dynamic range
of motion.12-14 With this technique, we offer a tool to
avoid under-resection with a simple, reproducible
approach to ensure consistent cam resection to achieve
the appropriate head-neck offset (Fig 1).
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Fig 1. Artistic rendering of the 2-tiered resection of a right hip as seen from the Dunn lateral view. (A) Pre-resection view of the
cam lesion. (B) Creation of the tier 1 resection, in which the depth of resection is set to re-create the appropriate head-neck
offset. This is performed 1.5 burr lengths distal to the articular cartilage margin. (C) Completion of the tier 2 resection, which
resects the cam lesion distal to tier 1 to the same depth and re-creates the sphericity of the femoral head.

Fig 2. Radiographic imaging of the preoperative template
drawn fromtheDunn lateral viewof a righthip,which isused in
the surgical suite to guide resection. The outline shows the plan
for resection to begin at the physeal scar, proximally countering
to re-create the sphericity of the femoral head as well as to
match the alpha angle to the beta angle, which is analogous to
the alpha angle performed on the posterior aspect.
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Technique

Preoperative Examination
The patient history is reviewed for symptoms consis-

tent with FAI, including hip pain radiating to the groin
exacerbated by physical activity and prolonged sitting.12

Hip range of motion is tested, and a flex-
ioneadductioneinternal rotation (FADIR) impinge-
ment test is conducted by placing the hip in 90� of
flexion, adduction, and internal rotation. A positive test
result is indicated by groin pain suggesting impinge-
ment of the femoral neck on the anterior rim of the
acetabulum.15,16

All patients are evaluated with plain radiographs
including a weight-bearing anteroposterior radiograph
of the pelvis, as well as a false-profile view and a 45�

Dunn lateral view of the affected hip. From the Dunn
lateral view, the alpha angle, as validated by Barton
et al.,17 is calculated to determine whether a cam lesion
is present. Additional attention is directed toward
evaluation of the head-neck offset and bony
morphology of the proximal femur, as well as acetab-
ular coverage and orientation. For patients with
suspected symptomatic FAI, conservative treatment is
attempted with physical therapy, nonsteroidal anti-
inflammatory drugs, and in some cases, corticosteroid
injections.18 If these measures fail, magnetic resonance
imaging is obtained to assess the integrity of the labrum
and status of the articular cartilage.
From the Dunn lateral view, a preoperative template

is created using a picture archiving and communication
system (Healthcare Server IDS7; Sectra Medical). The
template begins at the physeal scar, creating a rounded
head to match the beta angle and removing the
remaining cam distally (Fig 2).

Positioning and Equipment
The patient is placed in the supine position on a

post-free hip distraction table (Pivot Guardian Distrac-
tion System; Stryker) with a friction pad. The patient’s
range of motion is again assessed for hip flexion,
abduction, and extension. The patient’s feet are then
placed in well-padded traction boots, and the bony
prominences are padded. A timeout is performed to
confirm the correct patient, procedure, and surgical site.
Traction is applied, and adequate distraction is
confirmed with fluoroscopy. The patient is prepared
and draped in a sterile fashion, and a marking pen is
used to outline the greater tuberosity, anterior superior
iliac spine, and approximate incision sites of the
anterolateral (AL), midanterior (MA), and distal
anterolateral (DAL) portals (Fig 3).



Fig 3. Clinical photograph of the surface
landmarks and preoperative markings of the
portals to be used during cam resection. This
photograph is taken laterally of the left hip
with the patient supine on a post-free hip
distraction table. The bony landmarks of the
anterior superior iliac spine (ASIS) and the
greater trochanter (GT) are used as references
to create the anterolateral portal (AL), distal
anterolateral portal (DALA), and midanterior
portal (MAP).
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Labral Repair
A standard AL portal is created under fluoroscopic guid-

ance. A 70� arthroscope is inserted, and an MA portal is
established using direct visualization. A capsulotomy is
performed using an arthroscopic scalpel, followed by a
diagnostic arthroscopy to evaluate the integrity of the
labrum and chondral surfaces. The labrum is isolated from
the proximal capsule, and a plane is developed to expose
the acetabular rim. By use of a shaver (4.2-mmHPS Great
White Shaver Blade [Pre-bent Concave]; ConMed Linva-
tec), an acetabuloplasty is performeduntil a bedof bleeding
bone is exposed and resected as indicated by the preoper-
ative plan if pincer impingement is present. The labrum is
then repaired with a series of anchors (1.4-mm Pivot
Nanotack TT SutureAnchorwith 1.2-mmXBraid; Stryker)
from posterior to anterior placed from the DAL portal and
secured using a standard arthroscopic half-hitch knot
techniquewith either abase refixation techniqueor looped
suture configuration as dictated by labral quality. Once the
surgeon is satisfiedwith the repair, traction is removed and
the hip is reduced to evaluate the suction seal.

Resection of Cam Lesion
Resectionof the cam lesion is begunwith thehip in30� of

flexionandneutral rotation. Thedistal capsularflap is freed
from soft-tissue adhesions to provide mobility. Retention
sutures are placed in the distal capsule through the DAL
portal and tensioned with an external clamp to optimize
exposure without the need for a T-capsulotomy. Direct
visualization is used to delineate the articular cartilage
margin. The physeal scar is identified under fluoroscopy,
indicating themost proximal extent of the resection (Fig 4).
Electrocautery (Arthrowand Multivac 50 XL; Smith &
Nephew) is used to remove all residual soft tissue distal to
the physeal scar for better visualization of the cam lesion.
Using a burr (5.5-mm HPS Pre-bent Spherical Burr;

ConMedLinvatec) in theMAportal, the surgeonbegins the
2-tiered resection by first placing the burr 1.5 burr lengths
distal to the articular cartilage margin. The location of the
proximal tier is often noted to begin just a few millimeters
proximal to the insertion of the lateral retinacular vessels,
which serve as reliable intraoperative landmarks. The tier 1
resection is performed to re-create the native offset and
overall depth of resection using fluoroscopy (Fig 5). As the
first tier of the resection is deepened to the appropriate
depth of offset, the proximal head-neck junction is con-
toured to achieve sphericity of the femoral head, which
minimizes proximal over-resection and maintains the
normal transition from convexity to concavity. Gradual
deepening of the tier 1 resection in conjunction with



Fig 4. (A) Arthroscopic view of the articular cartilage margin as seen from the distal anterolateral portal with the left hip in 30� of
flexion and neutral rotation. The identification of the articular cartilage margin is used as a reference for the tier 1 resection. The
tier 1 resection is begun roughly 1.5 burr lengths distal to this margin. (B) Fluoroscopic imaging taken with a 45� Dunn lateral
view. This image is used prior to beginning cam resection to confirm the location of the proximal femoral physeal scar. This will
be used as the proximal extent of the osteoplasty. In this image, the arthroscopic burr is positioned on the physeal scar.
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occasional contouring of the femoral head allows for
excellent control of femoral head sphericity while mini-
mizing contouring difficulties that may be encountered if
the transition between the proximal femoral head and the
initial tier 1 resection is too abrupt.
Once the appropriate depth of the tier 1 resection is

established and confirmed with fluoroscopy, attention is
directed to the tier 2 resection of the residual cam lesion. A
combination of views is used through the AL portal to
achieve full resection: the traditional viewperpendicular to
the neck, as well as an up-the-neck view, obtained by 90�

rotation of the camera such that the view is parallel to the
neck directed at the head-neck junction. After cam resec-
tion is confirmed via direct visualization and fluoroscopy,
attention is directed to the remainder of the neck proximal
Fig 5. (A) Arthroscopic view after the completion of the tier 1 res
left hip in 30� of flexion and neutral rotation. This tier creates th
offset. The resection is begun 1.5 burr lengths distal to the articula
Dunn lateral view after completion of the tier 1 resection to ensure
deepened based on imaging to re-create the native offset at the h
to tier 1 to ensure appropriate sphericity of thehead (Fig 5).
The preoperative template is used to guide final resection.
Fluoroscopic views of the hip in flexioneexternal

rotation, flexioneneutral rotation, and extension
confirm the adequacy of resection of the cam lesion (Fig
6, Video 1). A dynamic hip examination is then per-
formed under direct visualization to ensure that no
residual impingement exists. The capsule is closed using
nonabsorbable suture in a horizontal mattress config-
uration. The portal sites are closed with nylon suture.

Discussion
Hip arthroscopy continues to grow in incidence owing

to advances in techniques and surgical equipment.
Despite advances, failure rates are still reported to be as
ection as seen through the distal anterolateral portal with the
e depth of resection required to achieve the native head-neck
r cartilage margin. (B) Fluoroscopic imaging obtained via a 45�

the appropriate depth has been set. The tier 1 resection can be
ead-neck junction.



Fig 6. (A) Direct visualization of the completed osteoplasty through the distal anterolateral portal with the left hip in 30� of
flexion and neutral rotation. Fluoroscopic imaging, along with evaluation of dynamic hip range of motion under direct visu-
alization, is also used to confirm adequate resection of the cam lesion. (B) Fluoroscopic imaging obtained from a 45� Dunn lateral
view of the completed osteoplasty. Direct visualization of the cam during dynamic hip range of motion is used to ensure adequate
cam resection.

Table 1. Pearls and Pitfalls for Performing 2-Tiered Resection

Pearls
The technique allows for initial judgment of offset prior to full cam

resection.
Maintaining the proximal convexity-to-concavity relation

necessitates careful proximal bone removal.
The technique allows for initial restoration of the femoral head-

neck offset in the location of maximal impingement and
better contouring of proximal bone at the head-neck junction.

Using preoperative imaging and intraoperative fluoroscopy helps
to locate the area of maximal impingement.

Changing the leg position and changing the orientation of the
fluoroscopy machine to provide a more 3D appreciation of the
anatomy aid in creating a successfully contoured head-neck
junction in all views.

Use of the operating burr in the reverse setting allows a smooth,
consistent resection.

Pitfalls
Too proximal of a start point will prevent re-creation of the round

shape of the femoral head.
Overzealous resection of the proximal convexity-concavity

position can lead to potential loss of the suction seal in deep
flexion, which may alter joint biomechanics.

Not visualizing the osteoplasty in multiple views may not allow for
optimal resection or contouring.

3D, 3-dimensional.

Table 2. Risks and Benefits Associated With 2-Tiered
Resection Technique

Benefits
Re-creation of a spherical head decreases mechanical

impingement in deep flexion.
A systematic approach allows for reproducible results.

Risks
There is a theoretical risk of iatrogenic hip fracture with over-

resection due to an aggressive first and second tier depth
exceeding 35% of the femoral neck length.

There is potential for under-resection of the posterosuperior
extension of the cam deformity if the head-neck junction
morphology is not assessed in neutral hip extension.
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high as 15%, with reported rates of revision arthros-
copy as high as 4.5%, most commonly because of
inadequate bony resection of the cam lesion.1,7-10 We
offer a technique that is simple and repeatable to
achieve consistent, adequate osteoplasty. The 2-tiered
resection offers a systematic approach to cam resec-
tion that is now the sole technique used by the senior
author (M.S). Although reproducible, this technique
remains technically demanding and attention to detail
must bemaintained throughout to ensure desired results
(Table 1). Adherence to preoperative templating, as well
as frequent use of fluoroscopy and intraoperative dy-
namic testing, can guide resection and avoid over-
resection. As compared with traditional resection, the
2-tiered resection creates a rounded head with a sym-
metrical head-neck junction to the beta angle, which
provides theoretical benefits in deep flexion (Table 2).
In conclusion, the 2-tiered resection technique pro-

vides a universally approachable guide to adequate cam
resection. This may reduce the need for revision surgery
owing to inadequate bony resection. However, no pro-
spective or retrospective studies to date have examined
the incidence of reoperation when using this technique.
Therefore, future investigation is necessary to determine
reoperation rates when using the 2-tiered resection.
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