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Abstract Femoroacetabular impingement (FAI) has been

identified as a common cause of hip pain in young adults.

However, treatment is not well standardized. We retro-

spectively reviewed 97 patients (100 hips) who underwent

osteochondroplasty of the femoral head-neck for FAI using

a mini-open anterior Hueter approach with arthroscopic

assistance. The mean age of the patients was 33.4 years.

The labrum was refixed in 40 hips, partially excised in 39

cases, completely excised in 14 cases, and left intact in

seven. Six patients were lost to followup, leaving 91 (94

hips) with a minimum followup of 28.6 months (mean,

58.3 months; range, 28.6–104.4 months). We assessed

patients clinically using the nonarthritic hip score (NAHS).

One patient had a femoral neck fracture 3 weeks postop-

eratively. At the last followup, the mean NAHS score

increased by 29.1 points (54.8 ± 12 preoperatively to

83.9 ± 16 points at last followup). Eleven hips developed

osteoarthritis and subsequently had total hip arthroplasty.

The best results were obtained in patients younger than

40 years old with a 0 Tönnis grade. Refixation of the lab-

rum did not correlate with a higher NAHS score (87 ± 11

with refixation versus 82 ± 19 points without) at the last

followup. The technique for FAI treatment allowed direct

visualization of the anterior femoral head-neck junction

while avoiding surgical dislocation, had a low complication

rate, and improved functional scores.

Level of Evidence: Level II, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Femoroacetabular impingement (FAI) was defined in the

late 1990s by Rheinhold Ganz and colleagues [2, 3, 13] as

abnormal contact between the anterior acetabular rim and

the femoral neck. It has been identified as a common cause

of hip pain in young adults [7, 12, 20] and has been pro-

posed as a cause of osteoarthritis [12]. In 2001, Ganz et al.

described a safe technique [11] of dislocating the hip to

modify the shape of the femoral head at the head-neck

junction and correct the abnormalities on the acetabular

side: lesions of the labrum, overcoverage of the anterior

acetabular rim, and cartilage damage. This technique has

received wide acceptance and many surgeons [1, 3, 10,

17–19, 24] have reported using it to treat FAI. Even if the

preliminary results are encouraging, the surgical exposure

carries some morbidity [1] in terms of pain and rehabili-

tation period. Furthermore, hardware removal is common:

Beaulé et al. [1] removed the internal fixation in nine of 34

patients because of persistent bursitis.

Although the surgical dislocation technique as described

by Ganz et al. [11] is reportedly safe and preserves femoral

head vascularity, when Ganz and colleagues initially
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reported the surgical dislocation approach in the late 1990s,

no followup data were available and the risk of femoral head

necrosis was not assessed. Therefore in 1999 we developed a

technique using the Hueter mini-invasive anterior approach

with arthroscopic assistance to avoid hip dislocation and

trochanteric osteotomy. Beaulé et al. [1] in reviewing their

experiencewith the dislocation technique recently reported a

3% rate trochanteric nonunion, a 26% rate of bursitis leading

to revision for screw removal from the greater trochanter,

and an 18% rate of patients dissatisfiedwith the outcome.We

presumed the minimally invasive technique we began using

would be as effective as the surgical dislocation technique

for FAI surgical treatment and avoid these complications.

We therefore asked whether (1) the lesions could be

visualized and treated with this approach and ascertained

the complications, (2) functional scores would improve and

if so at what time after surgery, (3) the scores differed

without and with fixation of a labral tear and with the

arthrosis grade (Tönnis), and (4) the likelihood of THA

related to age or arthrosis grade. Finally, we compared our

outcomes to those in the literature.

Materials and Methods

We retrospectively reviewed 97 patients (100 hips) treated

for persistent hip pain secondary to FAI using a new sur-

gical technique from April 1999 to December 2004. The

cohort was composed of 50 men and 47 women with an

average age of 33.4 years (range, 16–56 years). All patients

had a positive impingement test [13, 14] (pain reproduced in

flexion, adduction, and internal rotation). Five patients had

prior hip surgery: one had a previous femoral neck fracture;

one had a posttraumatic femoral head deformity at age 14;

one had a previous labral resection; one had already had

surgery for FAI; and one had in situ pinning of a slipped

capital femoral epiphysis. All patients had MRI arthrogra-

phy or CT arthrography to analyze the labrum for tears.

Thirty-two patients presented with osteoarthritis: Tönnis

Grade 1 in 30 patients and Grade 2 in three patients. We lost

six patients (six hips) to followup prior to the final review in

late 2007; these patients had a minimum followup of

13 months (mean, 36 months; range, 13–70 months). This

left 94 hips with a minimum followup of 28.6 months

(mean, 58.3 months; range, 28.6–104.4 months).

All 100 hips underwent surgery with the same procedure

by the senior author (FL). The patients were in supine

position on a regular table with an extension to allow

traction along the axis of the operated lower limb (Fig. 1).

In order to minimize the risk of traction complication, the

other leg was kept free so as to allow pelvic tilt if too much

traction was applied. The size of the perineal post was

12 cm. We did not use fluoroscopy. The knee was slightly

flexed to relax the anterior structure of the hip (capsule,

rectus femoris, and psoas). The incision was anterolateral,

about 2 to 4 cm in length. The skin incision was parallel to

the classic incision described by Hueter in Sariali et al. [23]

but located inferiorly by approximately 1.5 cm to minimize

risk of injury to the lateral femoral cutaneous nerve. The

incision was centered on the top of the great trochanter. The

superficial fascia of the thigh was opened along the tensor

fascia lata muscle which is partially detached from its

aponeurosis and then retracted laterally. The proximate part

of the innominate aponeurosis was cut and the rectus

femoris muscle was retracted medially. We did not detach

the gluteus minimus laterally or the iliopsoas medially from

the capsule. The anterosuperior capsule was dissected free

with a finger; this is an avascular space and usually does not

bleed (Fig. 2). This approach also has the advantage of

passing between two innervation territories: the muscles

innervated by the femoral nerve (rectus femoris, iliopsoas),

and the muscles innervated by the gluteal nerve (gluteus

minimus, gluteus medius, and tensor fascia lata). The cap-

sule was then incised along the acetabular rim from 10 to 2

o’clock then along the medial edge of the iliofemoral

ligament (Fig. 3). This incision was stopped superior to the

lateral femoral circumflex artery. We used small self-

retaining retractors for soft tissue retraction. The arthro-

scope (30� scope) was then inserted inside the joint through

another portal situated 2 cm laterally and distally relatively

to the distal part of the approach.

Traction (approximately 15 kg) was applied to the lower

limb to open and distract the joint. The joint distraction was

usually less than 1 cm, allowing exploration of the

Fig. 1 The patient is positioned supine with the traction device. The

traction is only applied on the operated lower limb during the

acetabular time. The approach is made with slight flexion. No

fluoroscopy is needed. The incision is anterolateral and approximately

2 to 4 cm. The skin incision is parallel to the classic incision

described by Hueter but moved downward approximately 1.5 cm to

prevent injury of the lateral nerve of the thigh. The incision is

centered on the summit of the great trochanter. Another more lateral

and lower portal is used for the scope.
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acetabular cartilage and the examination of the deep part of

the labrum with the arthroscope. The duration of traction

ranged between 5 and 45 minutes and was used only during

the acetabular surgical procedure. The mean traction

duration was about 32 minutes if the labrum was refixed

and about 11 minutes otherwise.

The surgeon described all the lesions for the operative

notes, videos were obtained, and photos were taken for all

patients. The operator (FL) measured the depth of the

acetabular cartilage and classified the acetabular lesions

according to Beck et al. [2] criteria. As the Beck classifi-

cation was not published until 2005, the cases performed in

the late 1990s and early 2000s were staged retrospectively

using the videos and the photos made during the surgical

procedure.

We found labral tears in 93 of the 100 hips. The labrum

was refixed in 40 hips, partially excised in 39 cases,

completely excised in 14 cases, and left intact in the

remaining seven. Labrum débridement, consisting in a

minimal excision of the damaged labrum, was performed in

39 patients. In 40 patients, a labral refixation to the ace-

tabular rim was performed using two or three 2.9-mm

suture anchors (Fig. 4A–D).

The femoral side was probably the most critical part of

the procedure. We found it easy to locate the bump on the

femoral head. In fact, the impinged cartilage was more red

and inflamed than the normal cartilage, so it was easy to

know where to perform the osteochondroplasty of the

femoral head-neck junction. We used a burr and a small

chisel to perform the osteochondroplasty. A regular

arthroscopic burr was used, however this instrument does

not work efficiently when used in the air, therefore it was

easier to complete trimming of the femoral head with the

burr submerged in water. This was easily accomplished by

removing the retractor, filling the joint with water and

finishing the procedure under arthroscopic control. At the

end of the procedure, the hip was flexed to ensure the

impingement had been corrected (Fig. 5).

Postoperatively, patients used crutches for approxi-

mately 5 days. Afterwards, we allowed full weight bearing

without walking assists. We encouraged patients to start

biking as soon as possible but recommended avoiding

impact sports for 6 months.

All patients had clinical evaluations preoperatively, at

45 days, 3 and 12 months postoperatively, and at the last

followup. The clinical functional outcomes were assessed

with the Christensen nonarthritic hip score (NAHS) [6]

using a self-administered questionnaire filled out by the

patients. This score is designed for younger patients with

higher demands and expectations than older patients with

degenerative joint disease. It is divided into four domains:

pain (five questions), mechanical symptoms (four ques-

tions), physical function (five questions), and level of

activities (six questions). We arbitrarily divided patients

into four groups according to the NAHS score: 91 and

above (very good results), 81–90 (good results), 71–80

(fair), and under 70 (poor).

All patients had preoperative AP pelvic xrays, as well as

lateral hip views. In case of poor clinical outcomes (NAHS

score\ 70) at the last followup, we obtained AP pelvic

and lateral hip radiographs.

We compared age and acetabular cartilage lesions

(depth and Beck grade) at the time of the initial procedure

in the group of patients who had undergone THR at the last

followup with those in patients who had not undergone

Fig. 2 Large anatomic dissection view of the approach to show the

‘‘gap’’ (1) in the innominate aponeurosis (2) where the deep fibers of

the rectus are running straight down. The approach passes between

the rectus femoris and the tensor fascia lata muscles (3). The approach

is usually 2 to 4 cm long and the section of the ascending branch of

the lateral circumflex artery is not necessary.

Fig. 3 T-shaped opening of the capsule. It may be sometimes

necessary to cut the reflected head of the rectus femoris to improve

access to the acetabulum.
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THA. Distribution of all variables (NAHS score, age,

lesion depth) was tested for normality using the Ryan-

Joiner and Shapiro-Wilk tests. For normally distributed

variables, when two groups (preoperative patients group

and postoperative patients group) had the same variances,

differences between them were analyzed using Student’s

t-test. For abnormally distributed variables or normally

distributed variables with different variances, we used the

Mann-Whitney U test. For nominal variables (patients

group), the chi square test was used.

Results

The surgical procedure was achievable in all the patients

and allowed visualization and treatment of the lesions on

both the acetabular and the femoral sides. However, 13

patients had a revision for persistent pain at a mean follow

up of 30 ± 24 months and in all cases we performed

arthroscopic débridement. In eight of the 13 cases, we

observed a failure of the labrum refixation and the damaged

part of the labrum was removed. In six cases, osteochon-

droplasty of the head was performed to improve the groove

at the head-neck junction.

At 3 weeks postoperatively, one patient, aged 56 years,

had a fracture of the femoral neck. Radiographs showed an

undisplaced fracture of the femoral neck. We instituted

nonoperative treatment and the patient healed after

3 months but with slight varus malunion. Two patients had

a deep infection treated successfully with surgical débri-

dement and organism-specific antibiotics for 3 months. One

patient underwent revision at 33 months postoperatively for

Fig. 4A–D Scope view inside

the acetabulum of a 19-year-old

man (martial arts performer)

with a huge flap is shown: (A)

View just after beginning of

traction. (B) Huge mobile flap

of cartilage. This large flap is not

removed. (C) The labrum is first

fixed with two suture anchors

and the flap is fixed to the labrum

with nonabsorbable monofila-

ment (Prolene 5–0; Ethicon).

The osteochondroplasty of the

femoral head neck junction can

then be performed with a chisel

or burr. (D) This young patient

had a very good result (NAHS

improvement: 35 to[ 95) at

55 months. 1 = femoral head,

2 = cartilage flap, 3 = labrum,

4 = anchor to refix he labrum,

5 = osteochondroplasty at the

head neck junction.

Fig. 5 At the end of the procedure, the impingement is tested with

flexion, internal rotation, and adduction.
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heterotopic ossification (Brooker Type 2). No patient

developed avascular osteonecrosis of the femoral head.

At the last followup, the mean NAHS score increased

(p\ 0.000001) by 29.1 points (54.8 ± 12 versus 83.9 ± 16

points). The mean functional score observed at last followup

was reached after a mean period of 6.2 ± 3 months with

values ranging from 1 to 18 months. Sixty-seven percent of

patients reached their final score before 6 months but 14%

needed more than 1 year to do so. There was no difference

(p\ 0.13) in NAHS score at the last followup between

patients with refixation (86 ± 11) and without refixation

(82 ± 19) of the labrum. In the group of patients younger

than 40 years old and with a Tönnis grade of 0 (43), 93% had

a score above 80 at a mean followup of 57 months.

Eleven hips developed osteoarthritis and underwent

THA at a mean followup of 40 ± 8.9 months (range,

5–75 months). Nine patients had THA and two had resur-

facing hip arthroplasty. Patients who underwent THA were

older (p = 0.04; 40.3 versus 32) than those who did not. In

the replaced group, the acetabular lesions were deeper

(p\ 0.000001; 10.9 mm versus 6 mm) and a higher per-

centage of Beck Grade 5 (p\ 0.000001; 54% versus 7%)

was found.

Discussion

Although the dislocation hip technique that was developed

by Ganz et al. [11] was reportedly effective and safe, it

seemed risky to us at the beginning of our experience

because no available data were reported in the literature at

that time (1999). In addition, as a result of our considerable

experience with the Hueter approach in performing THA

[23], we believed the impingement lesion could be well-

visualized and correctly treated with minimal soft tissue

dissection. We presumed our minimally invasive approach

would be as effective as the open surgical dislocation

technique for treating FAI and might avoid complications

related to trochanterotomy. We specifically asked whether

(1) the lesions could be visualized and treated with this

approach and ascertained the complications, (2) functional

scores would improve and if so at what time after surgery,

(3) the scores differed without and with fixation of a labral

tear and with the arthrosis grade (Tönnis), and (4) the

likelihood of THA related to age or arthrosis grade.

Our study has some limitations. We had some loss to

followup, our patients were selected, and we did not study

alternative approaches. The ideal study would be pro-

spective and randomized, comparing the dislocation

technique and the mini-invasive surgery on one hand, and

labral fixation to labral removal on the other.

The lesions were correctly visualized in all the cases,

which is similar to the reported studies using dislocation

surgery [1, 3, 10, 18, 19]. The combination of several

factors may explain this efficiency: the mainly anterior

localization of the FAI lesions, the use of an orthopaedic

traction table and also the 30� scope which allowed full

visualization of the acetabular cavity without dislocation

using minimal traction duration. The posterior femoral

lesions may be more difficult to visualize and to treat

entirely. However, this type of lesion is rare.

The FAI lesions substantially improved function in

almost all the cases and therefore we presume properly

treated the lesion. However, in six patients, osteochon-

droplasty was incomplete probably because of the learning

curve. In fact, at the opposite of the dislocation technique,

it may be difficult to check head sphericity after osteo-

chondroplasty, because of the minimally invasive

approach. As proposed by some authors [1, 15], a specially

designed spherometer gauge can be of valuable help.

Fluoroscopic control may also be used at the beginning of

the experience in order to assess the femoral osteochon-

droplasty. This is why, in case of major deformity, we still

use the surgical dislocation approach to perform an oste-

otomy of the femoral neck or the femoral metaphysis but

the more we became confident in this technique, the less

we performed trochanteric flip osteotomy.

Only one femoral neck fracture was observed. No others

fractures have been reported in the literature when using

the dislocation technique [1, 3, 10, 18–21, 25]. However, in

contrast to these studies, our patients had immediate full

weight bearing. In the technique described by Ganz et al.

[11], the 6 to 8 weeks of discharge may prevent femoral

neck fracture. In a recent study, Mardones [16] concluded a

resection of less than 30% of the femoral neck was not

related to an increased risk of fracture. However, applica-

tion of that conclusion should be made cautiously.

Therefore, we now recommend using crutches for a longer

period of about 6 weeks for patients older than 40 years

and in cases of poor bone mechanical quality.

There were no avascular necrosis nor trochanteric

complications in this cohort. This seems an improvement

because Beaule et al. [1] reported 3% of nonunion and 26%

of bursitis with subsequent screw removal. Furthermore

Peters and Erickson [19] observed 26% of incomplete

union. We suspect we had no complications related to the

orthopaedic table because traction was applied during a

short duration and only after the capsule incision at the

opposite to the classical hip arthroscopic surgery [5].

At the last follow up, functional scores improved in our

cohort which is consistent with the literature [1, 3, 4, 8–10,

17, 18, 20]. However, it is difficult to compare our out-

comes with those in the literature because we used the

NAHS score which assessed the quality of life. Usually,

the reported studies about FAI treatment [3, 18, 19] use the

HHS or PMA score which are not particularly good
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outcome instruments for the young adult with hip pain

[6, 22]. We are aware of only one study reported by Beaulé

et al. [1] about the quality of life after FAI surgical treat-

ment and they reported results similar to ours.

In contrast to the data reported by Espinosa et al. [9, 10],

we observed no difference in clinical results between

patients with labral refixation and those without, although

we noted a tendency for a higher NAHS score with labral

fixation. It is still unclear if labral refixation is necessary

when the acetabular rim does not need trimming and further

studies are required to investigate this point. We suspect

refixation of a damaged labrum responsible for persistent

pain resulting in revision with débridement for eight

patients in our study. The failure of the labral fixation may

be related to the fact that full immediate weight bearing was

allowed postoperatively. This is why, as suggested by

Philippon et al. [20], we now ask patients who had a labrum

refixation to use crutches for 4 weeks with total discharge.

Only 11% of patients were converted to THA at a mean

followup of 58 months, which is the lowest rate reported in

the literature. In fact, Peters and Erickson [19] reported 22%

at 32 months followup, Beck et al. [3] 26% at 56 months

followup and Murphy et al. [18] 30% at 62.4 months.

Our data suggest high NAHS scores can be obtained in

most patients with our technique, which is less invasive

than the Bernese surgical approach. The mini-open

approach allowed us to get used to the hip arthroscopy

techniques, and so we have switched progressively to a full

arthroscopic technique.
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