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SUMMARY
Introduction Surgical treatment is the treatment of choice in patients with symptoms and radiological 
signs of femoroacetabular impingement.
Objective Our experience and early results of surgical treatment of patients with signs of femoroacetabu-
lar impingement and early hip osteoarthritis are reported.
Methods The results of treatment of 21 patients aged 23-54 years with different types of femoroacetabu-
lar impingement are presented. Safe open surgical dislocation of the hip was performed in all patients. 
Before and after surgery, the WOMAC score was performed, clinical and radiographic data of the operated 
hips were evaluated and t-tests were used for statistical analyzes of data.
Results The WOMAC score improved from 70.5 points ( range 56.3 to 89.8 points) to 90.3 points (range 
70.3 to 100 points) at one year of follow-up (p<0.0001), anterior impingement test was negative in all 
operated cases, average hip internal rotation improved significantly, no complications were found, except 
trochanteric nonunion at the site of osteotomy, which was reaffixed.
Conclusion Postoperative results have shown that the surgical approach to treating patients with femo-
roacetabular impingement is the method of choice. Three operated patients, with advanced osteoarthritis 
of the hip, had to be converted to total hip replacement.
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INTRODUCTION

Femoroacetabular impingement (FAI) is a 
pathophysiological entity developed as a result 
of abnormal bone morphology of the acetabu-
lum and femoral head, which causes groin pain 
in young adults and leads to early hip osteoar-
thritis [1-7].

Minimal and abnormal bone changes of the 
proximal femur and /or acetabulum are the pri-
mary pathologic substrate of FAI. None-spher-
ical femoral head-neck junction, abnormal 
bone changes that produce cam-type FAI, are 
described as a pistol grip [8] or tilt deformity 
[1]. The non-spherical, anterosuperior femoral 
head-neck junction underlines the acetabular 
labrum, pressuring and squeezing the cartilage 
adjacent to the acetabular labrum, leaving the 
acetabular labrum itself initially intact and 
causing the separation of the articular cartilage 
from the labrum and subchondral bone, which, 
in advanced cases, represents early degenera-
tive changes of the hip [4, 9, 10]. Extensive sig-
nificant articular cartilage damage occurs first, 
while the labrum lesions are secondary, which 
is why pain occurs later. Therefore, the cam-
type FAI is considered as a malignant form of 
impingement.

Excessive localized or generalized femoral 
head over coverage in acetabular retroversion 

[11], in coxa profunda protrusio acetabuli [12] 
and less frequently a malrotated acetabular 
bone fragment in periacetabular osteotomy 
[9, 13], are acetabular abnormal bone changes 
which produce the pincer-type FAI. The former 
femoral head over coverage in the pincer-type 
FAI acts as a barrier to internal rotation and 
flexion of the hip impinging the anterosupe-
rior aspect of the femoral neck to the anterior 
margin of the acetabular edge damaging the 
acetabular labrum along with a narrow strip 
of the adjacent acetabular cartilage and creat-
ing a hinge mechanism in which the femoral 
head is being lifted from the acetabulum, and 
impacts the posteroinferior acetabular car-
tilage, creating, the so called counter-coup 
acetabular cartilage damage [14]. Acetabular 
cartilage damage is circular, located close to 
its edge, in the form of narrow bands adja-
cent to the damaged acetabular labrum. These 
changes are in the form of degeneration, thin-
ning, rupture or even the lack of labrum in the 
zone of maximum impact. Often, the labrum 
is ossified, thus further deepening the already 
deep acetabulum, further reducing the distance 
between the acetabular edge and femoral neck 
and thereby exacerbating the impingement 
mechanism. In the pincer-type FAI, acetabu-
lar labrum lesion is dominant, which produces 
earlier pain in patients with this form of FAI.
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OBJECTIVE

The aim of this study was to present our experience in 
surgical treatment of patients with femoroacetabular im-
pingement and early clinical and radiological results of 
surgical treatment in this group of patients.

METHODS

Open surgical dislocation of the hip, as the method of 
choice, were conducted by senior authors in 21 patients 
with FAI between 2008 and 2011 at our hospital. There 
were 16 females (77%) and 5 males (23%) with an average 
age of 38.7 years (range 23 to 54). Eight patients (38%) had 
the cam-type FAI, one patient (4.7%) had the pincer-type 
FAI and twelve patients (57.3%) had a mixed form of FAI. 
The right side was involved in 11 (53%) and the left side 
in 10 patients (47%).

Clinical method

The dominant symptom of all operated FAI patients were 
anterior groin pain during flexion activities such as sit-
ting and squatting and positive impingement test in all 
patients [4]. Clinical results were graded with the Western 
Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) [6], which was measured preoperatively and 
one year postoperatively.

Radiographic method

The radiographic assessment was based on the pre- and 
postoperative measurements of the following parameters 
on the antero-pesterior and lateral radiograms of the hips: 
Tönnis angle [15], center-edge angle of Wiberg [16], the 
presence of acetabular retroversion (cross-over sign [17] 
and the posterior wall sign [11]), femoral neck-shaft an-
gle [18], anterior femoral head- neck offset [19] and the 
ala-angle by Nötzli [12]. Hip arthritis degree was graded 
according to the Tönnis criteria [19].

Operative method

The indications for the surgical treatment of FAI were as 
follows: more than one year duration of symptoms, 2-3 
months without response to conservative treatments, 
positive impingement test and radiographic signs of FAI 
during the examination. Lateral incision and greater tro-
chanteric flip osteotomy were used to dislocate and deb-
ride the hip [20, 21]. In 21 hips, anterior “Z” capsulotomy, 
surgical dislocation of the hip, and debridement of the hip 
pathology were done.

The integrity of the acetabular labrum lesion was as-
sessed and classified as a labral tear, degeneration, detach-
ment, calcification or labral absence. The size, character, 

and location of the acetabular cartilage damage were 
graded according to the Outerbridge grading system of 
hondral lesions [22]. Labral and acetabular cartilage le-
sions were described using the clock classification system 
[7, 23]. Damages of the acetabular labrum were located in 
the anterosuperior acetabular quadrant (12 to 18 o’clock). 
Labral lesions were resected or reaffixed (Figures 1 and 
2) depending on labral integrity [24, 25]. In 20 of 21 hips, 
femoral head-neck junction osteochondroplasty was 
performed to improve femoral head-neck offset. A total 
amount of bone resection did not exceed 30% of femoral 
neck thickness (Figure 3) to minimize the risk of femo-
ral neck fracture, so if the diameter of a femoral head-
neck junction was 50 mm intraoperatively, a 15 mm deep 
osteochondroplasty (30% resection) in the anterolateral 
quadrant was the very highest limit of resection [24-27]. 
A relative femoral neck lengthening was performed by 
moving the greater trochanter more distally at the time of 
reattachment and then debriding the residual bone from 
the medial aspect of the remaining greater trochanter and 
from the base of the femoral neck. The greater trochanter 
was reaffixed with two cortical screws.

Estimated blood loss was on the average 370 ml (range 
120 to 1200 ml). The patients were hospitalized for an av-
erage of four days. Anticoagulation included the adminis-
tration of low molecular heparin during hospital stay and 
then salicylates for six weeks after hospital discharge. A 

Figure 2. Acetabular labrum refixed by three anchor sutures

Figure 1. Resected acetabular labrum
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partial weight-bearing with two crutches was encouraged 
for six weeks, and then full weight-bearing was allowed 
with one crutch or a cane.

Statistical method

Strength of statistical tests was set at 80% with a possible 
beta error of 0.20, and the level of significance of the test 
with a margin of error in the conclusion of less than 5% so 
that the null hypothesis was rejected if p<0.05. Normality 
of distribution of the parametric data was checked using 
the Kolmogorov-Smirnof test. A paired two-way t-test was 
used to test the significance in difference of arithmetic 
means. All obtained data were analyzed using a computer 
program for statistical data analysis (SPSS 8 for Windows).

RESULTS

The anterior impingement test was negative in all remain-
ing operated cases at the last follow-up. The average hip 
internal rotation improved from the preoperative value of 
13.5° (range 0° to 25 °) to 31.5° (range 20° to 45°) at one 
year of follow-up (p<0.0001).

WOMAC score average improved from the preopera-
tive value mean 70.5 points (range 56.3 to 89.8 points) 
to 90.3 points (range 70.3 to 100 points) at one year of 
follow-up (p<0.0001). Three (14%) of twenty-one hips, all 
in female patients, were considered far because of pain/or 
progressive hip arthritis. These hips were converted to a 
total hip arthroplasty three years after open hip disloca-
tion surgery. At the time of the arthrotomy, all three hips 
were found to have severe delamination of the acetabular 
articular cartilage (Outerbridge grade IV).

Preoperative radiographic results showed a mean 
of 8.2° (range 6° to 17°) of Tönnis angle (normal value 
<15°), which was higher than 15° in two cases. The mean 
center-edge angle of Wiberg (normal value >20°), a helpful 
measure of femoral head over coverage, was 36, 2° (range 
26° to 50°). The cross-over and posterior wall signs were 
observed in five cases. The mean femur neck-shaft an-

gle (normal range 120° to 140°) was 132.1° (range 118° to 
142°), in one case it was less than 120°, and in another one 
it was over 140°. The anterior head neck offset (normal 
range 8.2 mm), was 10.2 mm (range 6.5-18.1 mm) on the 
average and less than 8 mm in three cases. The mean of 
alfa angle of Nötzli was 64.8° (range 54° to 92 °) on the 
anteroposterior view, and 54.6° (range 50° to 64°) on the 
lateral view (normal value <55° on the anteroposterior and 
45° on the lateral view).

Preoperatively, 19 acetabular margins were retroverted. 
Os acetabuli [28, 29] was seen on the radiographs of two 
hips. Postoperatively, the anterior head-neck offset was 
12.4 mm (range 8.2 to 18.1 mm). The mean of alpha an-
gle of Nötzli on the anteroposterior radiograms was 45.2° 
(range 40° to 51°) and on Dunn 90 views it was 35.7° 
(range 34° to 44°).

Tönnis osteoarthritis grade index was 0 in six hips, 
grade 1 in ten hips, grade 2 in two hips, and grade 3 in 
three hips. The osteoarthritis grade did not progress in 
thirteen of the twenty-one hips. There was one Tönnis 
grade of progression in eight hips.

Intraoperatively, of 21 hips 18 (86%) had an abnormal 
labrum: 9 labrums were detached, 3 were torn, one de-
generated and 5 labrums were calcified. Twelve of these 
labrum damages were reaffixed with anchor suture, and 
six labrums were partially resected with an antero-superior 
acetabular margin resection osteoplasty. In five cases of 
anterior femoral head over coverage, anterior acetabulum 
edge osteotomy was done after acetabular labrum mobi-
lization and then the labrum was reattached with one to 
three anchor sutures.

Specific treatment of damaged acetabular articular car-
tilage varied over the course of the study period. From 
seven hips with Outerbidge grade III or IV cartilage dela-
mination, six underwent resection of the delaminated ar-
ticular cartilage and either micro fracture of the acetabular 
subchondral bone (one hip) or without specific osseous 
treatment (other hips). Acetabular labrum or underlying 
articular cartilage damage was located in the anterosupe-
rior acetabular quadrant in the area of the femoral head-
neck junction abutment against the acetabulum, on the 
articular side.

There were no complications, such as femoral head 
vascular necrosis or early and late infection developed at 
the last follow-up. However, there were two cases of tro-
chanteric site osteotomy nonunion, which were reaffixed.

DISCUSSION

Femoroacetabular impingement has been proposed as the 
major etiological factor in the development of hip oste-
oarthritis [1-8, 29, 30]. Treatment of FAI is focused on the 
relief of femoroacetabular abutment and repair or debride-
ment of damaged chondro-labral tissue.

The femoral head-neck junction abnormality has been 
noted to by the predictor of the cam and mixed type FAI 
[14]. The non-spherical femoral head, as seen on the 
antero-posterior and lateral hips radiograms, has been 

Figure 3. Performed femoral head-neck junction osteochondroplasty
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described as a pistol-grip deformity and correlated, over 
the years, with idiopathic osteoarthritis [10, 28, 31]. The 
subclinical slipped capital femoral epiphysis has been sug-
gested as a possible cause of this deformity and thus of 
secondary osteoarthritis [1, 31, 32].

The surgical treatment of cam-type FAI is directed at 
restoring femoral head-neck offset by debriding osteo-
chondral prominence at the femoral head-neck junction 
and debriding or attempting to repair an acetabular la-
brum damage and acetabular articular cartilage delamina-
tion. The acetabular or pincer-type of impingement with 
an anterior acetabular edge pathology is treated by labrum 
resection and/or refixation simultaneously with femoral 
head-neck junction trimming.

The technique of safe surgical dislocation developed 
by Ganz et al. [20] preserves femoral head blood supply 
and allows a direct visualization of 360° circumference of 
acetabular pathology. Our results confirm that surgical 
dislocation of the femoral head is a safe technique that 
does not appear to jeopardize the vascularity of the femo-
ral head, as postoperatively we did not observe any cases 
of femoral head avascular necrosis. The optimum treat-
ment of severe acetabular chondral injury (Outerbidge 
grade III or IV) is unknown. We performed excision of 
delaminated articular cartilage with an underlying bone, 
followed by labral advancement to the newly created an-
terior aspect of the acetabular rim. The improvement of 
clinical signs and function after open FAI treatment has 
been documented by other authors; Beck et al. [11] re-
ported that 14 men and five women with a mean age of 
36 years (range 21-52 years) were treated with a surgical 
dislocation and offset creation of the hip. The follow-up 
averaged 4.7 years (range 4-5.2 years). Using the Merle 
d’Aubigne hip score, 13 hips were rated excellent to good, 
with the pain score improving from 2.9 points to 5.1 points 
at the latest follow-up. There was no avascular necrosis of 
the femoral head. Five of the 19 patients, two with grade 
2 osteoarthrosis, two with grade 1 osteoarthrosis but with 
severe acetabular cartilage damage, and one with untreated 
ossified labrum underwent a subsequent total hip arthro-
plasty (THA). Peters et al. [29] pointed out that the average 
Harris hip score improved from a preoperative value of 
70 points (range 20-81 points) to 88 points (range 49-100 
points ) at one year (p<0.0001). Four (13%) of 30 hips, 

all in female patients, were considered failures because of 
pain and/or progressive arthrosis. Three of these hips were 
converted to a total hip arthroplasty because of clinical 
failure. At the time of arthrotomy, all three were found to 
have severe delamination of the acetabular articular carti-
lage (Outerbridge grade IV). The fourth hip with a failure 
had radiographic signs of progressive arthrosis. Espinosa 
et al. [24] concluded that at one year postoperatively, there 
was a significant improvement in clinical scores mainly 
pain, in the group of labral resection and labral refixation 
80% of the hips had an excellent result, 14% had a good 
result, and 6% had a moderate result. But there were no 
published reports of using the WOMAC score in evaluat-
ing pre- and postoperative clinical results in the operated 
FAI group of patients. In our report, of 21 patients treated 
with surgical dislocation of the hip, we noted improvement 
in the WOMAC score from 70.5 to 90.3 points (p<0.0001), 
and internal rotation from 13.5° to 41.5° (p<0.0001) at one 
year follow-up.

Peters et al. [29] reported their results; four of the 30 
hips (13%) required a total hip arthroplasty. Our results 
confirmed their results; three of 21 hips (11.5%) were con-
verted to a total hip arthroplasty three years after open hip 
surgery. In our group trochanteric site osteotomy nonun-
ion occurred as a complication in two cases (9%).

CONCLUSION

In summary, open surgical treatment, as a method of 
choice, for all type of FAI in young adult hips without 
substantial femoral head neck osteochondral prominence 
and acetabular labrum and hyaline cartilage damage, ex-
perienced reduced pain and improved function of the hips 
with a low complication rate. In the cases of advanced os-
teoarthritis, open treatment of femoroacetabular impinge-
ment was certainly not warranted.
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КРАТАК САДРЖАЈ
Увод Хи рур шко ле че ње је ме то да из бо ра у ле че њу осо ба с 
кли нич ком сли ком и ра ди о граф ским зна ци ма фе мо ро а це-
та бу лар ног су да ра (ФАС).
Циљ ра да Циљ ра да био је да се при ка жу на ше ис ку ство и 
ра ни ре зул та ти хи рур шког ле че ња бо ле сни ка са зна ци ма 
ФАС и ра ном ар тро зом ку ка.
Ме то де ра да Хи рур шки је ле чен 21 бо ле сник уз ра ста од 23 
до 54 го ди не с раз ли чи тим ти по ви ма ФАС. Сви бо ле сни ци 
су опе ри са ни отво ре ном ме то дом са си гур ном хи рур шком 
дис ло ка ци јом ку ка. Пре и по сле опе ра ци је ра ђен је WO MAC 
тест, про це ње ни су кли нич ки и ра ди о граф ски па ра ме три 
опе ри са них ку ко ва, а за ста ти стич ку об ра ду по да та ка ко-
ри шћен је Сту ден тов t-тест.
Ре зул та ти Ре зул та ти на WO MAC те сту су се по бољ ша ли 

са 70,5 бо до ва (оп сег: 56,3–89,8 бо до ва) пре опе ра ци је 
на 90,3 бо да (оп сег: 70,3–100 бо до ва) го ди ну да на ка сни је 
(p<0,0001). Тест пред њег уда ра је био не га ти ван код свих 
опе ри са них бо ле сни ка. По бољ шан је и про сек уну тра шње 
ро та ци је ку ка код свих опе ри са них ис пи та ни ка. Ком пли ка-
ци ја ни је би ло, из у зев не за ра ста ња ме ста осте о то ми је ве-
ли ког тро хан те ра ко ји је био поново  фик си ран.
За кљу чак Ре зул та ти ле че ња ис пи та ни ка са ФАС и ар тро зом 
ку ка по ка за ли су да је хи рур шки при ступ код ових бо ле сни-
ка ме то да из бо ра. Код три опе ри са на бо ле сни ка ле че ње је 
мо ра ло да се за вр ши уград њом то тал не про те зе ку ка, јер 
су у пи та њу би ли бо ле сни ци са уз на пре до ва лим об ли ком 
ар тро зе ку ка.
Кључ не ре чи: фе мо ро а це та бу лар ни су дар; хи рур шко ле-
че ње; ра ни ре зул та ти
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