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Abstract
Femoroacetabular impingement (FAI) is an increasingly 
recognized condition, which is believed to contribute 
to degenerative changes of the hip. This correlation 
has led to a great deal of interested in diagnosis and 
treatment of FAI. FAI can be divided into two groups: 
cam and pincer type impingement. FAI can lead to 
chondral and labral pathologies, that if left untreated, 
can progress rapidly to osteoarthritis. The diagnosis of 
FAI involves a detailed history, physical exam, and ra-
diographs of the pelvis. Surgical treatment is indicated 
in anatomic variants known to cause FAI. The primary 
goal of surgical treatment is to increase joint clearance 
and decrease destructive forces being transmitted 
through the joint. Treatment has been evolving rap-
idly over the past decade and includes three primary 
techniques: open surgical dislocation, mini-open, and 
arthroscopic surgery. Open surgical dislocation is a 
technique for dislocating the femoral head from the ac-
etabulum with a low risk of avascular necrosis in order 

to reshape the neck or acetabular rim to improve joint 
clearance. Mini-open treatment is performed using 
the distal portion of an anterior approach to the hip to 
visualize and to correct acetabular and femoral head 
and neck junction deformities. This does not involve 
frank dislocation. Recently, arthroscopic treatment has 
gained popularity. This however does have a steep 
learning curve and is best done by an experienced sur-
geon. Short- to mid-term results have shown relatively 
equal success with all techniques in patients with no 
or only mild evidence of degenerative changes. Addi-
tionally, all techniques have demonstrated low rates of 
complications.
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INTRODUCTION
Femoroacetabular impingement (FAI) is an anatomical 
condition that has recently been gaining recognition as 
potentially leading to future degenerative changes within 
the hip. FAI has recently been demonstrated to have an 
extremely high correlation for development of  osteoar-
thritis. Some authors have suggested that FAI is likely the 
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leading cause in what has previously been labeled “idio-
pathic” osteoarthritis of  the hip[1-9].

FAI can be divided between two subgroups based 
on anatomic deformities: cam impingement or pincer 
impingement[2]. In cam impingement the anatomy of  
the proximal femur is abnormal, such as a nonspherical 
femoral head or decreased head-neck offset[2,6]. Pincer 
impingement is present when there is abnormal anatomy 
of  the acetabulum such as acetabular rim overgrowth, ac-
etabular retroversion, or coxa profunda[2]. Both of  these 
conditions lead to abnormal, repetitive abutment of  the 
acetabulum and the femoral neck[10,11]. 

Cam impingement leads to forceful contact of  the 
abnormal femoral head and neck with the opposing joint 
surface during activity. This force is most noticeable dur-
ing motions that place the hip in extremes of  flexion[4]. 
The most frequent lesions both of  labral tears and chon-
dral injuries noted with cam impingement are located in 
the anterosuperior aspect of  the joint[3,12,13]. 

In pincer impingement the abnormality is with the 
acetabulum. The predominant injury pattern seen in pin-
cer impingement involves the labrum most often at the 
anterior aspect of  the joint, the area of  acetabular over-
coverage[14,15]. The injury and inflammation to the labrum 
frequently leads to osteophyte formation, effectively 
worsening FAI by creating increased acetabular over-
coverage[1-3]. This leads to contact with the femoral neck 
at even earlier points in the range of  motion of  the hip. 
The leveraging created by this contact between the femo-
ral neck and acetabular rim can sometimes lead to articu-
lar cartilage injuries opposite the site of  impingement. 
Frequently these injuries are smaller than those seen in 
cam impingement and less symptomatic[15]. 

The results of  these anatomical variations leading 
to impingement are many. Those that contribute to os-
teoarthritis include: injury to the articular cartilage and 
labral tears. These injuries can then lead to progressive 
degeneration of  the joint, ultimately resulting in pain 
and decreased motion through the hip joint. The insult 
to the joint caused by abutment of  the femoral head or 
neck with the acetabular rim leads to decreased clear-
ance for the joint, which in turn leads to worsening in-
jury and a repetitive cycle that leads to degeneration of  
the joint[1-3,8,9]. The joint clearance is directly related the 
femoral head-neck offset as well as degree of  acetabular 
coverage[4]. The forces that result from FAI can create 
very significant articular cartilage and labral injuries. This 
effect has been increasingly recognized over the past de-
cade leading to increased research and development of  
novel techniques to treat both the cause of  impingement 
as well as the resulting injuries in an attempt to slow the 
degenerative process[1,2,7,8,10]. 

DIAGNOSIS
History
Diagnosis of  FAI is critical in order to treat it early and 

prevent further injury to the chondral surface or labrum. 
Patients frequently present complaining of  hip pain 
that is worsened with physical activity. Often the pain is 
exacerbated by activities that require the hip to assume 
a flexed position. These patients may also complain of  
difficulty with prolonged sitting due to pain and discom-
fort[8,10,16]. 

Physical examination
Physical exam often demonstrates lack of  full flexion of  
the hip and decreased internal rotation with the hip in 
the flexed position. Pain can usually be reproduced by 
the impingement test, which is performed by attempting 
to place the hip in flexion, adduction, and internal rota-
tion[13,16].

Imaging
A standard anteroposterior radiograph of  the pelvis should 
be obtained to assess the version of  the acetabulum and the 
shape of  the femoral head and neck. Additionally, a cross-
table lateral of  the affected hip should be obtained with the 
hip in 15 degrees of  internal rotation. This view allows for 
better analysis of  the sphericity of  the femoral head as well 
as the femoral head-neck offset. MRI (specifically MR ar-
thrography) can be used to evaluate for the presence of  any 
articular surface or labral injuries[14,16]. 

Conservative management
All patients with symptomatic FAI should undergo a trial 
of  nonoperative treatment prior to consideration of  surgi-
cal treatment. Unfortunately, conservative measures are 
often unsuccessful or unrealistic with many patients as they 
are frequently younger, active patients. Conservative treat-
ment generally entails restrictions of  activities and motions 
that place the hip the offending, most often flexed, posi-
tion. Nonsteroidal anti-inflammatory drugs may be used 
for inflammation and pain control, but ultimately have no 
effect on the disease process. Frequently, patients with FAI 
wish to return to their previous activity levels and therefore 
may be indicated for surgical treatment[8-10,14]. 

INDICATIONS
Indications for surgical management of  FAI begin with 
the failure of  conservative treatment measures. Addition-
ally, the surgical patient should have signs and symptoms 
of  FAI along with a radiographically definable anatomic 
variant known to result in impingement[14,17-20].

CONTRAINDICATIONS
Contraindications for surgical treatment of  FAI include 
advanced age, moderate (or worse) osteoarthritis of  the 
hip, and morbid obesity. In these situations the surgeon 
should more likely perform total hip arthroplasty if  surgi-
cal intervention is warranted. This discussion should take 
place with the patient[14,17-20].
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SURGICAL TECHNIQUES
The primary focus of  surgical treatment of  FAI should 
be to improve joint clearance, ultimately reducing de-
structive forces across the joint surfaces[17-20]. Appropriate 
preoperative planning should be done so that the most 
beneficial approach is used and the area of  impingement 
is correctly identified and addressed. Multiple techniques 
for addressing FAI have been developed and each of  
their advantages and disadvantages have been the subject 
of  much debate over the past decade.

Open surgical dislocation
An open surgical technique is the most established tech-
nique for FAI. Ganz et al[17] described a safe technique for 
open surgical dislocation in 2001. This technique involves 
surgical dislocation utilizing a trochanteric flip osteotomy. 
This technique provides relatively safe access to the hip 
joint with low risk of  injury to the vascular supply of  the 
femoral head. Many authors feel that this technique pro-
vides the surgeon with the most versatile approach to the 
hip, allowing sufficient access for osteochondroplasty of  
the acetabular rim or the femoral head-neck junction as 
well as labral repair[17-19,21-24]. 

For an open surgical dislocation the patient should 
be placed in the lateral decubitus position such that the 
surgeon can use either a straight lateral approach or a 
posterolateral approach depending on surgeon prefer-
ence[17,18,23]. Whichever approach is chosen it is extremely 
important to well visualize the greater trochanter prior 
to proceeding further with the operation (Figure 1). The 
posterior border of  the greater trochanter must be well 
visualized, as it is the starting point for the trochanteric 
flip osteotomy with the medial circumflex artery in close 
proximity[21,22]. This portion of  the operation is where 
the blood supply to the femoral head is at the greatest 
risk[21]. The trochanteric osteotomy is performed with the 
leg in internal rotation and care should be taken to leave 
the external rotators uninjured. The osteotomy begins 
at the posterior border of  the greater trochanter and is 
carried anterior exiting superficial to the piriformis fossa 
and distal to the vastus ridge (Figure 2)[17,18,22,23]. Following 
osteotomy, muscle should be carefully dissected from the 
capsule. A Z-shaped capsulotomy is performed starting at 
the posterior acetabular rim then along the anterolateral 
femoral neck to the anteromedial femoral neck[17]. During 
this step, extreme care must be taken to avoid injury to 
any of  the vasculature[17,22]. 

Once capsulotomy has been performed the hip should 
be assessed. The located hip should be taken through a 
full range of  passive motion to most precisely locate the 
area of  impingement. This step should always be per-
formed prior to dislocation of  the femoral head so that 
the surgeon may better visualize the area where osteo-
chondroplasty must be performed in order to alleviate the 
impingement[17,23]. 

Moving the limb into flexion and external rotation 
then dislocates the femoral head. To completely dislocate 
the femoral head, the round ligament must be transected. 
This may need to be done if  the lesions causing impinge-
ment are believed to be along the posterior femoral head 
or neck or the posterior acetabular rim[17,18].

At this point, impingement caused by femoral head-
neck junction can be corrected by performing osteochon-
droplasty (Figure 3). Along with identification of  the site 
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Figure 1  Straight lateral approach is shown for Ganz surgical dislocation. 
It is extremely important to well visualize the posterior border of the greater 
trochanter prior to proceeding for the trochanteric flip osteotomy. 

Figure 2  Trochanteric flip osteotomy begins at the posterior border of the 
greater trochanter and is carried anterior exiting superficial to the pirifor-
mis fossa and distal to the vastus ridge. 

Figure 3  Impingement at the femoral head neck junction is corrected us-
ing a curved osteotome to shave slivers of the area of concern. 
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of  impingement during range of  motion of  the hip, the 
area involved in FAI often has a distinct inflammatory 
appearance due to repetitive contact with the acetabulum. 
The femoral neck should be corrected to a normal con-
tour using a curved osteotome to shave off  slivers of  the 
area of  concern in a stepwise fashion taking care to avoid 
femoral neck vasculature (Figure 4)[1,17,18,23]. 

Next the acetabular rim and labrum should be in-
spected. If  the anterior acetabular rim is contributing 
to FAI, it should be resected. To perform resection 
osteoplasty of  the acetabular rim, the labrum must be 
mobilized or resected. If  the labrum appears significantly 
diseased, it should be resected, otherwise attempts to 
mobilize and preserve the labrum should be attempted in 
order to preserve normal function of  the hip joint. Once 
again, osteochondroplasty should be done with a curved 
osteotome. The resection should be done in a stepwise 
fashion until the area of  impingement is removed and the 
underlying articular cartilage appears healthy. At this time 
the healthy labrum can be reattached to the new acetabu-
lar rim (Figure 5)[3,17,18,25]. 

Once the femoral head and neck and the acetabulum 
have been addressed the dislocated femoral head may be 
reduced. Following reduction, the hip should once again 
be taken through a full range of  motion paying special 
attention to those positions that were noted to cause im-
pingement prior to dislocation. If  adequate resection of  
the offending lesions has been performed the hip should 
be able to be taken through a full range of  motion with 
no further impingement[17,18,23,25,26]. If  the osteochondro-
plasty is deemed acceptable the capsule should be closed 
loosely. The trochanteric osteotomy may then be reduced 
and fixed with cortical screws. The remainder of  the 
wound should be closed in a layered fashion appropriate 
for the chosen approach[17,18]. 

Mini-open approach
The mini-open technique for treatment of  FAI is gener-
ally done as a combination of  open and arthroscopic 
procedures. Currently only a few studies examining the 
use of  a mini-open technique are reported in the litera-
ture[25-29]. 

For the mini-open technique the patient is positioned 
supine on an operating room table with traction avail-
able[25]. The hip is not formally dislocated in the mini-
open approach. Lesions within the joint are inspected 
using an arthroscope[25,27]. Shaving of  chondral lesion or 
labral lesions are done during this arthroscopic investiga-
tion[27]. 

A partial anterior approach, the “Heuter Approach”, 
also called the “Short Smith-Pete” because it follows 
the interval of  the Smith-Petersen distal to the anterior 
superior iliac spine, is used for access to the capsule and 
femoral neck (Figure 6). This can be accomplished with 
an incision ranging from 2 to 12 cm depending on the 
size of  the patient This is done through the internervous 
plane between the femoral nerve (Sartorius, iliopsoas, and 
rectus femoris) and the superior gluteal nerve (gluteus 
minimus and medius and tensor fascia lata) (Figure 7)[27-29]. 

The capsulotomy is then performed using the same avas-
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Figure 4  Osteochondroplasty is continued until the femoral head neck 
junction has been restored to the appropriate anatomical shape to relieve 
the impingement.

Figure 5  After adequate osteochondroplasty of the femoral head and 
neck junction and the acetabulum, the labrum is reattached using suture 
anchors, the femoral head is re-located. The hip should once again be taken 
through a full range of motion paying special attention to those positions that 
were noted to cause impingement prior to dislocation. If adequate resection of 
the offending lesions has been performed the hip should be able to be taken 
through a full range of motion with no further impingement.

Figure 6  Mini-open technique using “Heuter Approach”, also called the 
“Short Smith-Pete” because it follows the interval of the Smith-Petersen 
distal to the anterior superior iliac spine, is used for access to the capsule 
and femoral neck. The forceps point to the internervous plane between the 
femoral nerve (Sartorius) and the superior gluteal nerve (tensor fascia lata).
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cular location as that of  the open surgical dislocation. 
This technique again allows easy identification of  the le-
sion at the femoral head-neck junction (Figure 8). A high 
speed burr or an arthroscopic burr can be used for con-
touring of  the femoral neck[27].

As with open dislocation, once all work has been 
completed the hip is fully ranged to assure complete 
resolution of  the impingement. Following confirmation 
the capsule may be loosely closed and the remainder of  
the closure done in a layered fashion[27-29]. 

Arthroscopic surgery
Some surgeons assert that FAI cannot be adequately 
treated using arthroscopy due to the limited view of  the 
femoral neck and acetabulum. They also feel that le-
sions cannot be adequately accessed with the femoral 
head remaining located within the acetabulum. However, 
advocates of  hip arthroscopy claim that due to the con-
sistent location of  most FAI lesions a 360-degree view 
of  the femoral head, neck, and acetabulum is not neces-
sary. Techniques believed to be useful for treatment of  
FAI using arthroscopy have been described in the litera-
ture[27,30-34]. 

The patient should be placed either in the lateral 

position or supine based on surgeon’s preference. The 
operative leg should be placed in a traction device and 
fluoroscopy should be used to identify the areas of  im-
pingement (Figure 9). Fluoroscopy can also be used while 
placing the portals, which include anterior, anterolateral, 
and posterolateral portals[27,33,34]. 

The anterolateral portal is placed about 1 cm proxi-
mal and 1 cm anterior to the tip of  the greater trochanter 
using fluoroscopy with the hip distracted. A 30-degree 
arthroscope is placed in the portal and the anterior por-
tal is placed under direct visualization (Figure 10)[15,27,31]. 

The hip joint is then inspected and probed for articular 
cartilage damage as well as labral injuries. Both labral and 
chondral lesions can be debrided until stable tissue is 
reached[15,30,32,34]. Additionally, osteophytes can be removed 
with a burr. Some surgeons also advocate the use of  mi-
crofracture techniques in areas where notable articular 
cartilage damage is seen[30,31]. 

Following the assessment of  the articular surface, the 
arthroscope is placed in the anterolateral portal outside 
of  the joint capsule. The capsule is dissected using instru-
ments through the anterior portal. Once the capsule is 
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Figure 7  Using “Heuter Approach”, also called the “Short Smith-Pete”, 
the superficial internervous plane between the femoral nerve (Sartorius) 
and the superior gluteal nerve (tensor fascia lata) is developed. 

Figure 8  Anterior capsulotomy is performed. Labrum and femoral head 
and neck junction is adequately exposed. The distinct inflammatory appear-
ance with red color of the cartilage is visualized. 

Figure 9  For arthroscopic debridement of femoroacetabular impinge-
ment, the patient is placed in a lateral position. The operative leg is placed 
in a traction device and fluoroscopy is used to identify the areas of impingement 
and placement of instruments. 

Figure 10  Arthroscopic portal placement: the anterolateral portal is 
placed about 1 cm proximal and 1 cm anterior to the tip of the greater tro-
chanter. The anterior portal is placed directly distal to the anterosuperior iliac 
spine and medial to the anterolateral portal. 
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well visualized an anterior capsulotomy is performed with 
minimal resection of  the capsule. This allows for expo-
sure of  the femoral head-neck junction and manipulation 
of  the instruments. Osteochondroplasty is then per-
formed using a burr. Contour of  the femoral neck should 
be checked using fluoroscopy throughout this portion of  
the procedure[27,30-32,34]. 

After all steps are completed the traction is removed 
from the leg and the hip is ranged while still being di-
rectly visualized using the arthroscope to check for any 
residual impingement[30,31,34]. 

POST-OPERATIVE CARE
Open surgical dislocation
Postoperatively the patient should be restricted to toe-
touch weight bearing on the operative extremity for six to 
eight weeks. The patient should ambulate using crutches 
or a walker for assistance during this time to prevent 
falls. Physical therapy may be started immediately using 
passive range of  motion for the first and second weeks 
postoperatively. At ten to fourteen days active motion 
may begin, however flexion should be limited 70 degrees 
for the first six to eight weeks. Early range of  motion will 
help prevent the formation of  adhesions[17-24]. 

Mini-open
Laude et al[28] report keeping patients with protected 
weight-bearing and use of  crutches for five days. After 
5 d the patients are allowed full weight bearing without 
crutches. At this time they are also encouraged to begin 
low impact active exercise, such as cycling. Patients are 
kept from high impact or contact sports for a total of  six 
months postoperatively[25-29].

Arthroscopy
Patients should be made toe-touch weight-bearing and 
ambulate with aids for 2 to 4 wk. At that time low impact 
active motion may be resumed. At three months post-
operatively the patient no longer has any activity restric-
tions[15,27,30-32]. 

OUTCOMES
A recent review by Matsuda et al[25] found an overall result 
of  surgical intervention for FAI with good to excellent 
results to be 65% to 95%. This was accompanied by an 
overall rate of  complications of  0% to 20%.

Open surgical dislocation
Over the past decade numerous studies have helped de-
fine clear indications for surgical treatment of  FAI. Thus 
far, surgical dislocation has demonstrated great success 
with most studies showing 65% to 95% of  patients with 
good to excellent results in midterm follow-up[12,19,25,35]. 

Many studies have shown at least midterm benefit of  
halting or slowing of  degenerative changes noted on 
follow-up radiographs of  patients with Grade 0 or Grade 

1 degenerative changes following surgical dislocation 
and removal of  lesions, which had created FAI. Patients 
which Grade 2 or higher degeneration have shown less 
predictable results, although young patients with Grade 2 
degenerative changes may be acceptable candidates for a 
trial of  surgical dislocation[12]. 

Potential complications include trochanteric non-
union, heterotopic ossification, sciatic nerve palsy, osteo-
necrosis of  the femoral head, femoral neck fracture. Os-
teonecrosis of  the femoral head is rare with open surgical 
dislocation as the technique is designed to minimize risk 
to the blood supply to the femoral head. Additionally, 
risk of  femoral neck fracture is minimized by limiting the 
depth of  osteochondroplasty at the femoral head-neck 
junction to not greater than 30% of  the diameter of  the 
femoral neck[25,26]. 

Studies of  open surgical dislocations have shown a 
rate of  conversion to total hip arthroplasty of  0% to 
30%, however the most recent studies with defined surgi-
cal indications show a lower rate of  0% to 5%[25].

Mini-open
A review of  studies looking at mini-open treatment of  
FAI shows a reported success rate of  71% to 92%. Some  
researchers demonstrated an improvement in both the 
Harris hip score and UCLA activity score following mini-
open treatment of  FAI. Conversion to total hip arthro-
plasty was 0% to 11% and complications were seen in 0% 
to 17%. The literature suggests that there is a relatively 
high incidence of  iatrogenic lateral femoral cutaneous 
nerve injury with the mini-open technique. There is lim-
ited data looking at mini-open treatment of  FAI[25,27,29].

Arthroscopy
Some surgeons advocate hip arthroscopy when the le-
sion is localized and easily accessed with an arthroscope, 
especially those felt to be isolated labral tears. However 
many authors assert that labral tears do not occur with-
out trauma or the presence of  FAI. One study showed 
that less than 50% of  patients treated with isolated ar-
throscopic labral debridement. Hip arthroscopy has also 
been noted to be associated with neuropraxia of  many of  
the nerves near the hip joint due to the traction necessary 
for adequate visualization[5,25,27,32].

Other surgeons believed that adequate treatment of  
FAI might be achieved by arthroscopy. They advocate 
this technique as the claim patients are able to return to 
normal activities more quickly than with open surgical 
dislocation. Advocates also point toward series that dem-
onstrate 75%-95% good to excellent outcomes at mid-
term follow-up for FAI treated arthroscopically. Series 
also show a conversion to total hip arthroplasty of  0% to 
9%[25,32].

CONCLUSION
With the recently increased recognition of  FAI and its 
possible contribution to early degenerative changes of  
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the hip, the past decade has seen much study and ad-
vancement of  various techniques to treat the pathologic 
anatomy of  FAI. The techniques include open surgical 
dislocation, a mini-open technique with or without ar-
throscopy, and purely arthroscopic treatment.

Current literature with midterm follow-up shows simi-
lar success rates with all techniques. Additionally, all ap-
proaches have demonstrated similar conversions to total 
hip arthroplasty as well as similar rates of  major com-
plications. Open surgical dislocation showed a slightly 
higher rate of  complications and reoperation, largely 
due to a 20% nonunion rate of  the trochanteric flip os-
teotomy. Much more literature exists with respect to the 
arthroscopic approach to FAI. One important factor 
to note is surgeons with extensive experience with hip 
arthroscopy have performed all reported series of  ar-
throscopic treatment of  FAI. Hip arthroscopy is known 
to have a very steep learning curve. Therefore, the reli-
ability of  this technique likely depends heavily on the 
experience of  the surgeon. The least studied technique is 
the mini-open technique.

The three techniques described in the literature of  
the past decade all have shown great success at treating 
FAI with significant improvement in symptoms. Midterm 
follow-up shows evidence supporting the slowing of  de-
generative changes in patients with minimal degeneration 
preoperatively. As the management of  FAI continues to 
develop it is extremely important that a surgeon is com-
fortable with the technique chosen when surgical inter-
vention is indicated.
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