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Background: A variety of surgical techniques have been introduced for the treatment of femoroacetabular impingement,
but clinical outcome studies of less-invasive treatment with a minimum duration of follow-up of two years are limited. The
purpose of this study was to evaluate the early clinical and radiographic outcomes of combined hip arthroscopy and limited
open osteochondroplasty of the femoral head-neck junction for the treatment of cam femoroacetabular impingement.

Methods: We performed a retrospective review of our first thirty-five patients (thirty-five hips) in whom cam femo-
roacetabular impingement had been treated with combined hip arthroscopy and limited open osteochondroplasty. Thirty-
five patients (twenty-eight men and seven women) with an average age of thirty-four years and a minimum duration of
follow-up of two years were analyzed. The modified Harris hip score was utilized to assess hip function. The Ténnis
osteoarthritis grade and the alpha angle were determined to assess osteoarthritis progression and deformity correction,
respectively.

Results: The average modified Harris hip score improved from 63.8 points preoperatively to 87.4 points at the time of the
last follow-up. Twenty-nine (83%) of the thirty-five patients had at least a 10-point improvement in the Harris hip score, and
71% had a score of >80 points. The average alpha angle was reduced from 58.6° preoperatively to 37.1° at the time
of follow-up when measured on cross-table lateral radiographs, from 63.9° to 37.8° when measured on frog-leg lateral
radiographs, and from 63.1° to 44.8° when measured on anteroposterior radiographs. Two patients had osteoarthritis
progression from Tonnis grade O to grade 1. Minor complications included one superficial wound infection, one deep vein
thrombosis, and four cases of asymptomatic Brooker grade-l heterotopic ossification. There were no femoral neck
fractures or cases of femoral head osteonecrosis, and no hip was converted to an arthroplasty.

Conclusions: Early results indicate that combined hip arthroscopy and limited open osteochondroplasty of the femoral
head-neck junction is a safe and effective treatment for femoroacetabular impingement. In our small series, most patients
had symptomatic relief, improved hip function, and enhanced activity after two years of follow-up.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

the development of hip osteoarthritis was introduced | ondary osteoarthritis™. In addition, femoroacetabular impinge-
over forty years ago', and recent studies have refined this | ment has been recognized as a sequela of common pediatric hip
concept’™. Ganz and colleagues have further defined femo- conditions such as Legg-Calvé-Perthes disease and slipped capital
roacetabular impingement as a cause of hip pain, restricted hip | femoral epiphysis". The enhanced awareness of femoroacetabular

T he concept of hip impingement as an etiologic factor in | motion, labral disease, articular cartilage degeneration, and sec-
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impingement has led to its earlier recognition in adolescents and
young adults with pre-arthritic and early arthritic disease. Clearly,
there is a need for continued investigation regarding the diagnosis,
pathophysiology, and surgical treatment of this disorder.
Femoroacetabular impingement encompasses a spectrum
of disease patterns and severity. The structural abnormalities can
be in the femur or acetabulum, or both™'". So-called cam im-
pingement is characterized by femoral abnormalities, with an
aspheric femoral head or an abnormal osteocartilaginous prom-
inence located at the anterolateral femoral head-neck junction.
So-called pincer impingement results from acetabular over-
coverage of the femoral head due to a deep or retroverted ace-
tabulum®. Surgical treatment for femoroacetabular impingement
is evolving, but treatment that includes surgical dislocation of the
hip as described by Ganz et al.’® is the most established proce-
dure®*'"°, More recently, less invasive surgical techniques for

COMBINED HIP ARTHROSCOPY AND LIMITED OPEN OSTEOCHONDROPLASTY
FOR ANTERIOR FEMOROACETABULAR IMPINGEMENT

treating hip impingement disease have been introduced'**.
Over the past several years, one of us (J.C.C.) has utilized a
combined arthroscopic and limited open surgical technique for
selected cases of cam anterior femoroacetabular impingement.
The purposes of this surgical strategy are to assess and treat
central compartment disease (involving the labrum and artic-
ular cartilage) with arthroscopic techniques and to correct the
femoral head-neck junction impingement lesion under direct
vision through a limited anterior approach. We hypothesized
that this procedure would improve hip function and enhance
the activity level, reliably correct the osseous abnormalities, and
have an acceptable complication rate. The purpose of this study
was to determine the hip function, activity level, radiographic
evidence of deformity correction, osteoarthritis progression,
and complications associated with this surgical treatment in a
series of patients.

Fig. 1
Alpha angle on a frog-leg lateral radiograph. (Reproduced, with modification, from: Clohisy JC,
Carlisle JC, Beaulé PE, Kim Y-J, Trousdale RT, Sierra RJ, Leunig M, Schoenecker PL, Millis MB.
A systematic approach to the plain radiographic evaluation of the young adult hip. J Bone Joint
Surg Am. 2008;90 Suppl 4:61.)
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Materials and Methods combined hip arthroscopy and limited open osteochon-
Patient Characteristics droplasty of the femoral head-neck junction. All patients were

Institutional review board approval was obtained for this | diagnosed with symptomatic cam impingement, and our in-
retrospective study. From April 2003 to December 2005, | dications for surgery included persistent anterior or antero-
forty-one consecutive patients (forty-one hips) with symp- | lateral hip pain, restricted hip flexion (<105°) and/or restricted
tomatic femoroacetabular impingement were treated with a | internal rotation in flexion (<15°), a positive impingement test

UPRIGHT

Fig. 2-A

Fig. 2-B

Figs. 2-A through 2-F Anteroposterior pelvic and frog-leg lateral radiographs and arthro-
scopic images of a forty-three-year-old man with cam impingement. This patient was treated
with a combined hip arthroscopy and limited open osteochondroplasty of the femoral head-
neck junction. At the time of arthroscopy, the patient had degeneration of the labral-

chondral junction with chondromalacia of the anterolateral part of the acetabular rim. This
was treated with chondroplasty and partial labral resection. At two years, the patient was
asymptomatic. Figs. 2-A and 2-B Anteroposterior pelvic and frog-leg lateral radiographs.
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Fig. 2-C
Arthroscopic image showing degeneration of the labral-chondral junction (arrow) with chondroma-
lacia of the anterolateral aspect of the acetabular rim. A = acetabular articular cartilage, and L =
acetabular labrum.

(groin pain elicited with passive flexion, adduction, and in-
ternal rotation of the hip), radiographic evidence of a head-
neck offset deformity (an alpha angle of >50° on at least one
radiographic view) (Fig. 1), and failure of a three-month course
of nonoperative treatment. All patients met these criteria and
desired to proceed with the surgery. One of these patients was
excluded from the study because of a previous proximal fem-
oral osteotomy to correct a severe deformity associated with a
childhood slipped capital femoral epiphysis. Thirty-five (88%)
of the remaining forty patients had a minimum of two years of
follow-up and are the focus of this report. Despite extensive
efforts to locate all patients, five patients were lost to follow-up
less than two years postoperatively. These five patients were last
seen at an average of 3.2 months (range, one to six months)
after the surgery, and detailed clinical data were not obtained at
those early postoperative visits.

Of the thirty-five patients included in the study, twenty-
eight were male and seven were female. The average age of the
patients at the time of the surgery was thirty-four years (range,
sixteen to forty-eight years). The average duration of follow-up
was 2.2 years (range, two to three years). Two patients had had a
prior surgical procedure on the same side as the index proce-
dure: one patient had had pin fixation of a grade-I slipped
capital femoral epiphysis and subsequent removal of hardware,
with a minor residual deformity, and another had had hip

arthroscopy with labral debridement and chondroplasty six
years prior to the index surgery. Twelve of the thirty-five hips
had undergone injection of corticosteroids (eight hips) or an
anesthetic (four hips) before the index operation. Ten of these
twelve intra-articular injections resulted in temporary symp-
tom relief.

All patients underwent a combined hip arthroscopy and
limited open osteochondroplasty of the femoral head-neck
junction as previously described'®. Acetabular labral tears
were treated with partial resection—i.e., by removing the
unstable portion of the labral tissue (Figs. 2-A through 2-F).
The stable capsular remnant was preserved when possible.
Articular cartilage abnormalities were treated with chondro-
plasty to remove the unstable margins of the articular lesions.
Labral repair and microfracture were not utilized. The oper-
ative findings were obtained from operative dictations, the
surgeon’s intraoperative notes, and arthroscopic images.
Labral tears were described according to their location and
appearance and were identified as anterior, anterolateral,
posterior, or multidirectional®. Acetabular or femoral head
chondromalacia lesions were described according to the
Outerbridge classification™.

After arthroscopy of the central compartment, an 8 to
10-cm anterior incision was utilized for the exposure'. The
femoral head-neck osteochondroplasty was performed to es-
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Fig. 2-D
Arthroscopic image showing the hip after treatment with chondroplasty (arrow) and partial labral

resection. A = acetabular articular cartilage, and L = acetabular labrum.

tablish a more normal offset (Figs. 2-A through 2-F). After
recontouring of the head-neck junction, the hip was assessed
with fluoroscopy and intraoperative examination. Fluoroscopy
was utilized to confirm the adequacy of the osteochon-
droplasty, while palpation of the joint with flexion and internal
rotation directly determined the presence or absence of residual
impingement. Postoperatively, the patients remained toe-touch
weight-bearing for six weeks and then progressed to full
weight-bearing as tolerated with a progressive strengthening
program.

Clinical Outcomes

Clinical outcome scores included the modified Harris hip
score”, nonarthritic hip score®, and University of California,
Los Angeles (UCLA) activity score””’. The modified Harris
hip score was determined for all patients preoperatively and
at the time of follow-up. This was a standard hip function
outcome score at the time (2003) that we introduced this
procedure into our practice. The nonarthritic hip score was
published in 2003* and was incorporated into our outcome
measurements. We also added the UCLA activity score to
better capture changes in activity level. The most recently
seen seventeen patients were assigned a preoperative non-
arthritic hip score, and thirty-two patients were assigned a
follow-up nonarthritic hip score. Similarly, the most recently
seen twenty-one patients had a preoperative UCLA score,
while thirty-four had a UCLA score at the time of the
latest follow-up. All clinical data were obtained with a self-

administered patient questionnaire, independent of the
treating surgeon.

Radiographic Assessment and Imaging

A routine radiographic series was obtained preoperatively,
postoperatively, and at follow-up visits. This series included
supine anteroposterior pelvic, frog-leg lateral, and cross-table
lateral views. Digital radiographs were examined by one author
(L.P.Z.) using Adobe Photoshop software (Adobe Systems, San
Jose, California). The alpha angle, as described by Nétzli et al.”,
was measured on the anteroposterior pelvic, cross-table lateral,
and frog-leg lateral radiographs®?®. Osteoarthritis of the in-
volved hip was graded according to the Tonnis classification™.
Thirty-three (94%) of the patients had preoperative magnetic
resonance arthrograms. Thirty of these studies were performed
at our institution by one of four musculoskeletal radiologists.
These radiologists’ reports on the magnetic resonance arthro-
grams were recorded. The other three magnetic resonance ar-
thrograms were made at outside institutions and were reviewed
by us in conjunction with one of the four musculoskeletal
radiologists.

Comparison of the preoperative magnetic resonance
arthrography and hip arthroscopy findings revealed that
twenty-seven patients (82%) had arthroscopic confirmation
of an acetabular labral tear seen on the magnetic resonance
arthrogram, four patients showed no acetabular labral tear
on the preoperative magnetic resonance arthrogram but had
a labral tear identified at the time of the arthroscopy, and
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Fig. 2-E

Fig. 2-F

=Y

Figs. 2-E and 2-F Two-year follow-up radiographs demonstrating deformity correction.

two patients did not show an acetabular labral tear on the
magnetic resonance arthrogram or at the time of the ar-
throscopy. Both of these hips were found to have fraying of
the labrum at the time of the arthroscopy. All primary ac-
etabular labral tears were located in the anterior and an-
terolateral regions. The average size of the labral tears was
19 mm (range, 5 to 50 mm). According to the Outerbridge
classification of acetabular chondromalacia, there were three
Grade-I, eight Grade-II, five Grade-III, and eighteen Grade-IV
lesions. According to the Outerbridge classification of the fem-
oral head cartilage, there were thirty Grade-0, no Grade-I,
two Grade-II, one Grade-III, and two Grade-IV lesions.
The preoperative Tonnis osteoarthritis classifications in-
cluded nineteen grade-0, twelve grade-1, and four grade-2
hips.

Statistical Analysis

Differences between preoperative and postoperative clinical
outcome scores and radiographic measurements were as-
sessed with use of the Student t test. A p value of <0.05 was
considered to be significant. The Pearson correlation was used

to determine the relationship between the change in alpha
angle and the change in the pain component of the Harris hip
score.

Source of Funding

The funding sources include the Curing Hip Disease Fund
and a Zimmer research grant. The funds from these sources
were utilized for research personnel salary support. This
included tracking of patients, data collection, and data
analysis.

Results

he majority of patients demonstrated improved hip func-

tion and increased activity levels after surgical treatment.
The average modified Harris hip score improved 23.6 points
between the preoperative and final follow-up evaluations.
Twenty-nine (83%) of the thirty-five patients had at least a 10-
point improvement in the modified Harris hip score, and 71%
of the patients had a Harris hip score of >80 points. The UCLA
activity level score was found to have improved an average of
2.3 points at the most recent follow-up evaluation, and the
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TABLE | Clinical Data for Patients with a Minimum of Two Years of Follow-up

Modified Harris Hip Score

Preop.
No. of patients evaluated 35
Score (points)
Average + stand. dev. 63.8+11.1
Range 35-85
Two-year follow-up
No. of patients evaluated 35
Score (points)
Average + stand. dev. 85.9 +15.2
Range 54-100
P value* <0.0001
Latest follow-up
No. of patients evaluated 35
Score (points)
Average + stand. dev. 87.4+15.3
Range 54-100
P value* <0.0001

Nonarthritic Hip Score UCLA Activity Score

17 21

75.1+14.0 6.1+24
4893 2-10
32 34

90.9 + 10.7 82+1.6
60-100 4-10
0.0001 <0.0001
32 34

90.2+11.8 84+15
60-100 510
0.0002 0.0003

*For the difference compared with the preoperative score.

nonarthritic hip score had improved an average of 15.1 points
(Table I).

The combined arthroscopic and limited open os-
teochondroplasty approach provided an opportunity for
substantial deformity correction and did not result in pro-
gression of osteoarthritis in most cases. The alpha angle was
normalized on the anteroposterior, cross-table lateral, and
frog-leg lateral radiographs (Table II). The change in alpha
angle did not correlate with alterations in pain as measured
with the modified Harris hip score. Only two patients had
progression of osteoarthritis, from Ténnis grade 0 to grade 1,
during the follow-up period.

Since femoroacetabular impingement disorders are
commonly bilateral, baseline data were also collected on the
contralateral (untreated) hips. During the course of our
treatment, twelve (34%) of the thirty-five patients reported

contralateral hip symptoms, and six of these patients had un-
dergone surgical intervention for femoroacetabular impinge-
ment. The alpha angle on the anteroposterior pelvic radiograph
of the index (surgically treated) hip (65.1°) was comparable
with that of the contralateral hip (61.9°). Twelve of the con-
tralateral hips also had a full radiographic series, and nine of the
twelve had an alpha angle of >50° on the cross-table and/or
frog-leg lateral views. These data suggest that bilateral im-
pingement is relatively common.

The number of complications associated with the pro-
cedures was low. The complications included one superficial
infection successfully treated with oral antibiotics until reso-
lution, one deep vein thrombosis (in the popliteal vein proxi-
mal to the calf) treated successfully with three months of
anticoagulation, and asymptomatic Brooker grade-I hetero-
topic ossification® in four hips. None of these complications

TABLE Il Alpha Angles for Patients with Two Years of Follow-up

Alpha Angle

Cross-Table Lateral Radiograph

Frog-Leg Lateral Radiograph

Anteroposterior Radiograph

Preop. Latest Follow-up Preop. Latest Follow-up Preop. Latest Follow-up
Average + stand. 58.6 + 13.1 37.1+4.7 63.9+13.0 37.8+4.9 63.1+14.2 44.8 + 4.4
dev. (deg)
Range (deg) 36-93 3248 40-81 24-46 4591 35-56
P value <0.0001 <0.0001 <0.0001
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required additional surgical treatment. Numbness in the dis-
tribution of the lateral femoral cutaneous nerve is common
with anterior hip approaches but was not specifically evaluated
in this cohort of patients. Nevertheless, none of the patients
reported pain symptoms related to this nerve. There were no
major neurovascular complications, no femoral neck fractures,
and no cases of femoral head osteonecrosis. No hip was con-
verted to an arthroplasty.

Discussion

Numerous authors have recognized cam femoroacetabular
impingement as a source of hip pain, loss of motion, and

early-onset osteoarthritis in young adults. Early surgical in-

tervention has been advocated for symptomatic impingement

disease to relieve symptoms, enhance function, and preserve

the hip joint over time®™!*2427%¢%,

The goal of joint preservation surgery for femoro-
acetabular impingement is to eliminate abnormal contact
between the proximal part of the femur and the acetabulum
and to address intra-articular labral and articular cartilage
abnormalities’. Effective treatment and good clinical results
may be accomplished with different surgical techniques, in-
cluding open dislocation®”"*'>**, arthroscopy and limited
open approaches'®”, and arthroscopy techniques alone'®'"”"**,
To date, there is limited information regarding the clinical re-
sults of a combined arthroscopic and limited open os-
teochondroplasty approach. Laude et al.”* recently described
a technique for treating femoroacetabular impingement with
a mini-open Hueter approach and arthroscopic assistance.
They reported on 100 hips in ninety-seven patients followed
for a minimum 28.6 months after surgery. The mean im-
provement in the nonarthritic hip score was 29 points, and
11% of the hips were converted to a total hip replace-
ment. Additionally, Hartmann and Giinther" recently repor-
ted their early results with arthroscopically assisted anterior
decompression of femoroacetabular impingement in thirty-
four hips in thirty-three patients followed for a mean of
fifteen months (range, six to twenty-seven months). They
reported an improvement in the modified Harris hip score
from an average of 64 points preoperatively to an average of
85 points at the time of the last follow-up. The results in both
of these studies are comparable with our results and those of
open dislocation techniques and of arthroscopy techniques
alone.

Our investigation provides the early results of a surgical
procedure that combines hip arthroscopy with a limited open
osteochondroplasty of the femoral head-neck junction to treat
focal cam impingement disease. We found significant im-
provement in the average Harris hip score, and the activity
levels were increased as demonstrated by the improved
UCLA activity scores. The current study group represents the
initial cohort of patients to undergo this surgical procedure in
our practice and also represents our learning curve experience.
During this study period, acetabular labral tears were addressed
with partial resection. Recently, Espinosa et al.” reported signif-
icantly improved clinical and radiographic results in patients

COMBINED HIP ARTHROSCOPY AND LIMITED OPEN OSTEOCHONDROPLASTY
FOR ANTERIOR FEMOROACETABULAR IMPINGEMENT

who had labral reattachment rather than labral debridement
during surgical hip dislocation. Currently, we perform ar-
throscopy first to assess the integrity of the joint and to treat
intra-articular abnormalities because even a limited open os-
teochondroplasty would compromise the arthroscopic tech-
nique if it was performed first. Labral tear patterns amenable to
arthroscopic repair are addressed with standard arthroscopic
labral repair techniques.

The alpha angle has been proposed as a measurement to
quantify femoral head-neck osseous overgrowth on magnetic
resonance images and plain radiographs®"*. Using magnetic
resonance arthrograms, Notzli et al. found an average alpha
angle of 74° in thirty-nine patients with symptomatic femo-
roacetabular impingement compared with an average alpha
angle of 42° in a control group®. An alpha angle of >55° has
been associated with symptomatic cam femoroacetabular
impingement, with the likelihood of impingement increasing at
larger alpha angles””. In our series, the preoperative average
alpha angle was >55°, and all patients had correction of the angle
to <55°. These data suggest that this technique can provide ad-
equate deformity correction as determined by the change in alpha
angle.

Combined hip arthroscopy and limited open femoral
head-neck osteochondroplasty offers certain benefits as an al-
ternative to surgical hip dislocation for the treatment of cam
femoroacetabular impingement deformities. This combined
minimally invasive procedure allows accurate evaluation and
treatment of intra-articular labral and cartilage injuries while
offering direct visualization for a precise osteochondroplasty. If
advanced hip degeneration is identified during hip arthros-
copy, the open part of the procedure may be abandoned as the
surgical outcome is less predictable with advanced joint
degeneration™".

This study has limitations. Only patients with cam im-
pingement were treated with this surgical technique during the
study period, and there was not a comparable group treated
nonoperatively or with other surgical techniques. We acknowl-
edge that the natural history of untreated femoroacetabular
impingement and the placebo effect of surgical intervention for
these disorders have not been adequately investigated. Addi-
tionally, isolated treatment of central compartment disease
without correction of the structural impingement abnormal-
ity is another surgical strategy that has not been rigorously
investigated. Nevertheless, recent work by our group does
suggest that correction of the impingement abnormality may
reduce the number of poor clinical outcomes and treatment
failures™.

It should also be noted that, in the present study, five
patients were lost to follow-up less than two years postoper-
atively, and their outcomes are not known. In addition, the
clinical outcome was assessed with the modified Harris hip
score, which was originally designed for patients undergoing
total hip arthroplasty. The modified Harris hip score may not
be the ideal outcome tool with which to measure the response
to surgical treatment in young, active patients with im-
pingement. Both the modified Harris hip score'®!®!7*212>¥
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and the Merle d’Aubigné score®”'*, however, have been used as
outcome measures following surgical hip dislocation and hip
arthroscopy for the treatment of femoroacetabular impinge-
ment. In addition, after introduction of this procedure, we
employed the nonarthritic hip score and UCLA activity score
to better study the outcomes in active, young patients. Those
two scores are not available for all of the patients in the study,
but they do provide additional contemporary outcome in-
formation to our data set.

In conclusion, the current study shows that combined
hip arthroscopy with a limited open osteochondroplasty is
a safe and potentially effective surgical alternative for the
treatment of cam femoroacetabular impingement. Long-term
follow-up is essential to determine the true efficacy of this

COMBINED HIP ARTHROSCOPY AND LIMITED OPEN OSTEOCHONDROPLASTY
FOR ANTERIOR FEMOROACETABULAR IMPINGEMENT

technique as well as other joint preservation procedures for
femoroacetabular impingement. ®

John C. Clohisy, MD

Lukas P. Zebala, MD

Jeffrey J. Nepple, MD

Gail Pashos, BS

Department of Orthopaedic Surgery,

Washington University School of Medicine,

One Barnes-Jewish Hospital Plaza,

Suite 11300 West Pavilion,

St. Louis, MO 63110.

E-mail address for J.C. Clohisy: jclohisy@wustl.edu

References

1. Murray RO. The aetiology of primary osteoarthritis of the hip. Br J Radiol. 1965;
38:810-24.

2. Aronson J. Osteoarthritis of the young adult hip: etiology and treatment. Instr
Course Lect. 1986;35:119-28.

3. Harris WH. Etiology of osteoarthritis of the hip. Clin Orthop Relat Res. 1986;213:
20-33.

4. Stulberg SD, Cordell LD, Harris WH, Ramsey PL, MacEwen GD. Unrecognized
childhood hip disease: a major cause of idiopathic osteoarthritis of the hip. In: The
hip. Proceedings of the Third Open Scientific Meeting of the Hip Society. St. Louis:
C.V. Mosby; 1975. p 212-20.

5. Beck M, Kalhor M, Leunig M, Ganz R. Hip morphology influences the pattern of
damage to the acetabular cartilage: femoroacetabular impingement as a cause of
early osteoarthritis of the hip. J Bone Joint Surg Br. 2005;87:1012-8.

6. Beck M, Leunig M, Parvizi J, Boutier V, Wyss D, Ganz R. Anterior femoroacetabular
impingement: part Il. Midterm results of surgical treatment. Clin Orthop Relat Res.
2004;418:67-73.

7. Espinosa N, Rothenfluh DA, Beck M, Ganz R, Leunig M. Treatment of femoro-
acetabular impingement: preliminary results of labral refixation. J Bone Joint Surg
Am. 2006;88:925-35.

8. Ganz R, Gill TJ, Gautier E, Ganz K, Krigel N, Berlemann U. Surgical
dislocation of the adult hip: a technique with full access to the femoral head and
acetabulum without the risk of avascular necrosis. J Bone Joint Surg Br. 2001;
83:1119-24.

9. Lavigne M, Parvizi J, Beck M, Siebenrock KA, Ganz R, Leunig M. Anterior
femoroacetabular impingement: part I. Techniques of joint preserving surgery. Clin
Orthop Relat Res. 2004;418:61-6.

10. Leunig M, Casillas MM, Hamlet M, Hersche O, Nétzli H, Slongo T, Ganz R.
Slipped capital femoral epiphysis: early mechanical damage to the acetabular
cartilage by a prominent femoral metaphysis. Acta Orthop Scand. 2000;71:
370-5.

11. GanzR, Parvizi J, Beck M, Leunig M, Nétzli H, Siebenrock KA. Femoroacetabular
impingement: a cause for osteoarthritis of the hip. Clin Orthop Relat Res. 2003;
417:112-20.

12. Reynolds D, Lucas J, Klaue K. Retroversion of the acetabulum. A cause of hip
pain. J Bone Joint Surg Br. 1999;81:281-8.

13. Beaulé PE, Harvey N, LeDuff M. Offset correction and femoroacetabular
impingement after hip resurfacing. Read at the 52nd Annual Meeting of

the Orthopaedic Research Society; 2006 Mar 19-22; Chicago, IL. Paper no.
0524.

14. Peters CL, Erickson JA. Treatment of femoro-acetabular impingement with
surgical dislocation and débridement in young adults. J Bone Joint Surg Am. 2006;
88:1735-41.

15. Murphy S, Tannast M, Kim YJ, Buly R, Millis MB. Debridement of the adult hip for
femoroacetabular impingement: indications and preliminary clinical results. Clin
Orthop Relat Res. 2004;429:178-81.

16. Bardakos NV, Vasconcelos JC, Villar RN. Early outcome of hip arthroscopy for
femoroacetabular impingement: the role of femoral osteoplasty in symptomatic
improvement. J Bone Joint Surg Br. 2008;90:1570-5.

17. Byrd JW, Jones KS. Arthroscopic femoroplasty in the management of
cam-type femoroacetabular impingement. Clin Orthop Relat Res. 2009;467:
739-46.

18. Clohisy JC, McClure JT. Treatment of anterior femoroacetabular impingement
with combined hip arthroscopy and limited anterior decompression. lowa Orthop J.
2005;25:164-71.

19. Hartmann A, Glinther KP. Arthroscopically assisted anterior decompression for
femoroacetabular impingement: technique and early clinical results. Arch Orthop
Trauma Surg. 2009;129:1001-9.

20. llizaliturri VM Jr, Orozco-Rodriguez L, Acosta-Rodriguez E, Camacho-Galindo
J. Arthroscopic treatment of cam-type femoroacetabular impingement:
preliminary report at 2 years minimum follow-up. J Arthroplasty. 2008;23:
226-34.

21. Larson CM, Giveans MR. Arthroscopic management of femoroacetabular im-
pingement: early outcomes measures. Arthroscopy. 2008;24:540-6.

22, Laude F, Sariali E, Nogier A. Femoroacetabular impingement treatment
using arthroscopy and anterior approach. Clin Orthop Relat Res. 2009;467:
T47-52.

23. Philippon MJ, Briggs KK, Yen YM, Kuppersmith DA. Outcomes following

hip arthroscopy for femoroacetabular impingement with associated chondrolabral
dysfunction: minimum two-year follow-up. J Bone Joint Surg Br. 2009;91:

16-23.

24. Philippon MJ, Schenker ML. Arthroscopy for the treatment of femoroacetabular
impingement in the athlete. Clin Sports Med. 2006;25:299-308, ix.

25. McCarthy J, Noble P, Aluisio FV, Schuck M, Wright J, Lee JA. Anatomy, pathologic
features, and treatment of acetabular labral tears. Clin Orthop Relat Res. 2003;
406:38-47.

26. Outerbridge RE. The etiology of chondromalacia patellae. J Bone Joint Surg Br.
1961;43:752-7.

27. Byrd JW, Jones KS. Prospective analysis of hip arthroscopy with 2-year follow-up.
Arthroscopy. 2000;16:578-87.

28. Christensen CP, Althausen PL, Mittleman MA, Lee JA, McCarthy JC. The
nonarthritic hip score: reliable and validated. Clin Orthop Relat Res. 2003;406:
75-83.

29. Amstutz HC, Thomas BJ, Jinnah R, Kim W, Grogan T, Yale C. Treatment of
primary osteoarthritis of the hip. A comparison of total joint and surface replacement
arthroplasty. J Bone Joint Surg Am. 1984;66:228-41.

30. Beaulé PE, Dorey FJ, Hoke R, Leduff M, Amstutz HC. The value of patient
activity level in the outcome of total hip arthroplasty. J Arthroplasty. 2006;21:
547-52.

31. Nétzli HP, Wyss TF, Stoecklin CH, Schmid MR, Treiber K, Hodler J. The contour of
the femoral head-neck junction as a predictor for the risk of anterior impingement.
J Bone Joint Surg Br. 2002;84:556-60.

32. Clohisy JC, Nunley RM, Otto RJ, Schoenecker PL. The frog-leg lateral radiograph
accurately visualized hip cam impingement abnormalities. Clin Orthop Relat Res.
2007;462:115-21.



1706

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 92-A - NUMBER 8 - JuLy 21, 2010

33. Meyer DC, Beck M, Ellis T, Ganz R, Leunig M. Comparison of six radiographic
projections to assess femoral head/neck asphericity. Clin Orthop Relat Res.
2006;445:181-5.

34. Tonnis D, Heinecke A. Acetabular and femoral anteversion: relationship with
osteoarthritis of the hip. J Bone Joint Surg Am. 1999;81:1747-70.

35. Brooker AF, Bowerman JW, Robinson RA, Riley LH Jr. Ectopic ossification fol-
lowing total hip replacement. Incidence and a method of classification. J Bone Joint
Surg Am. 1973;55:1629-32.

36. Millis MB, Kim YJ. Rationale of osteotomy and related procedures for hip
preservation: a review. Clin Orthop Relat Res. 2002;405:108-21.

37. Wagner S, Hofstetter W, Chiquet M, Mainil-Varlet P, Stauffer E, Ganz R,
Siebenrock KA. Early osteoarthritic changes of human femoral head cartilage

COMBINED HIP ARTHROSCOPY AND LIMITED OPEN OSTEOCHONDROPLASTY
FOR ANTERIOR FEMOROACETABULAR IMPINGEMENT

subsequent to femoro-acetabular impingement. Osteoarthritis Cartilage. 2003;11:
508-18.

38. Beaulé PE, Le Duff MJ, Zaragoza E. Quality of life following femoral head-neck
osteochondroplasty for femoroacetabular impingement. J Bone Joint Surg Am.
2007;89:773-9.

39. Kassarjian A, Yoon LS, Belzile E, Connolly SA, Millis MB, Palmer WE. Triad of MR
arthrographic findings in patients with cam-type femoroacetabular impingement.
Radiology. 2005;236:588-92.

40. Nepple JJ, Zebala LP, Clohisy JC. Labral disease associated with femoro-
acetabular impingement: do we need to correct the structural deformity?
J Arthroplasty. 2009;24(6 Suppl):114-9.



