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Abstract

Introduction The concept of femoroacetabular impinge-

ment (FAI) and the indication for surgical intervention

have been established in the last decade. Despite promising

short-term results and emerging arthroscopic techniques, it

remains unclear whether patients benefit from surgical

correction in the mid- to long-term and whether progres-

sive joint degeneration can be prevented.

Materials and methods A retrospective study of our first

50 consecutive patients who underwent arthroscopic cor-

rection for FAI was conducted. The modified Harris hip

score (mHHS) was assessed preoperatively and at final

follow-up. In addition, the Western Ontario and McMaster

Universities osteoarthritis index (WOMAC) and a subjec-

tive hip value (SHV) were added at final follow-up.

Degenerative changes according to Kellgren and Lawrence

scale and the a angle were analyzed preoperatively and on

the most recent radiograph.

Results Of a total of 50 patients, 44 (24 male, 20 female)

with a mean age of 34.3 years (17–65) were available with

complete follow-up. Of these 44 patients, 39 were treated

with correction of the femoral offset for isolated cam

deformity, 5 with additional focal pincer correction and

partial labral resection. After a mean follow-up of

66.3 ± 14.5 months the mHHS had improved significantly

from 67.2 ± 6.4 preoperatively to 86.4 ± 13.5

(p\ 0.001). The WOMAC score (converted to 0 = best/

100 = worst) resulted in mean indices for the

subcategories pain, stiffness and function of 11.8 ± 16.5,

12.2 ± 17.8 and 9.1 ± 16.1. The SHV was reported with a

mean of 77.7 ± 21.8 % at final follow-up. The a angle was

reduced significantly from 57.2� ± 10.1� to 46.3� ± 7.4�
(p\ 0.001). The Kellgren and Lawrence score showed a

non-significant trend from 2.0 ± 0.8 preoperatively to

2.2 ± 0.9 in the most recent radiograph (p = 0.46). 5

patients had been converted to a total hip arthroplasty a

mean of 28 ± 7.1 months postoperatively. These patients

were significantly (p\ 0.01) older with a mean age of

49.8 ± 7.8 years and showed significantly higher present

osteoarthritic changes with an average Kellgren and

Lawrence score of 2.6 ± 2.5 before FAI correction

(p\ 0.01).

Conclusions Arthroscopic correction of femoroacetabular

impingement results in a persistent clinical improvement

without significant progression of degenerative changes in

the majority of patients. The indication for surgery should

be established cautiously when degenerative changes are

present.

Level of evidence Level IV, Case series with no com-

parison group.
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Femoroacetabular impingement � Osteoarthritis

Introduction

The concept of femoroacetabular impingement (FAI) has

been increasingly recognized as a cause of hip pain in

younger adults, with an estimated overall prevalence of

10–15 % [12, 18, 22, 23]. Damage to the joint occurs due

to an aspherity of the femoral neck (cam-type) or a

prominent acetabular rim (pincer-type). This impingement
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joerg.schroeder@charite.de

1 Center for Musculoskeletal Surgery, Charité-University
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conflict can lead to progressive damage to the chondro-

labral complex, with subsequent damage to the adjacent

articular cartilage, and is therefore considered a risk factor

for the development of early hip osteoarthritis (OA) [12,

13, 17, 24]. Radiographic signs of femoroacetabular

impingement can be seen in up to 40 % of patients

\60 years of age scheduled for total hip replacement due

to OA not related to dysplasia, femoral head necrosis,

tumor or trauma [24].

Temporary relief of FAI symptoms can be achieved with

activity modification and avoidance of end-range of

motion, but non-operative treatment cannot eliminate the

underlying mechanical problem caused by osseous alter-

ations [9].

Surgical dislocation of the hip as described by Ganz

et al. allows treatment of all manifestations of FAI with full

access to the joint [2, 11, 32]. However, the dislocation

requires an extensive approach, bearing a significantly

higher risk for complications, while hip arthroscopy offers

a minimally invasive approach with a notably lower com-

plication rate and faster rehabilitation [3, 10, 25, 30].

Initial mid- to long-term studies evaluating surgical

dislocation show ongoing improvement for up to 10 years,

which is longer follow-up than current arthroscopic studies

have obtained [27, 37].

Arthroscopic techniques were first introduced for treat-

ment of cam lesions, but technical improvements have

enabled treatment for more complex pathologies, including

pincer lesions and labral tears, with favorable short-term

results [5, 26, 34, 36].

Despite the favorable short-term results for arthroscopic

treatment of FAI in the recent literature, little is known

about the mid- to long-term clinical and radiological out-

comes. We therefore conducted a retrospective analysis of

our first 50 consecutive patients treated by arthroscopic

FAI correction with the first hypothesis, that an ongoing

improvement of the clinical outcome can be achieved in

the mid term. The second hypothesis was that a progression

of joint degeneration can be prevented.

Materials and methods

A retrospective study that included all consecutive patients

who underwent arthroscopic surgery by the senior author

for symptomatic FAI between March 2004 and December

2007 at our institution was conducted. The ethics com-

mittee of the medical faculty granted ethical approval for

this trial. Written informed consents were obtained from all

subjects.

Indications for arthroscopic correction were based on

the physical examination in correlation with radiographic

findings. Clinical symptoms indicating FAI were activity

related pain in the groin unresponsive to non-operative

measures (NSAIDs, activity modification and physio-

therapy) and associated with a positive anterior

impingement test recreating the specific pain when

positioning the hip in flexion, adduction and internal

rotation [33].

A cam deformity was defined as a loss of sphericity of

the femoral head with a reduced head-neck offset and an

elevated a angle[50�, as defined by Nötzli [29]. If clinical

and radiological findings where ambiguous, an intraartic-

ular anesthetic injection was conducted under fluoroscopic

guidance.

Outcomes were measured preoperatively and at final

follow-up using the modified Harris hip score (mHHS)

[15]. The Western Ontario and McMaster Universities

osteoarthritis index (WOMAC, transformed to 0 = best;

100 = worst) was assessed at final follow-up to further

evaluate the clinical outcomes [38].

In addition, based on the subjective shoulder value by

Gilbart and Gerber, we asked the patients for a similar

subjective hip value (SHV) at final follow-up [14]. Sim-

ilar to the subjective shoulder value, the SHV was defined

as a patient’s subjective hip assessment expressed as a

percentage of an entirely normal hip, which would score

100 %. All patients routinely received standing AP pelvic

and frog-leg lateral views of the affected hip prior to

surgery and for follow-up examinations. In addition,

conventional magnetic resonance imaging (MRI) or

magnetic resonance arthrography (MRA) was performed

for further evaluation of the joint configuration and the

chondrolabral complex. For evaluation of the osteoar-

thritic changes, the preoperative and most recent radio-

graph were compared and graded according to the

classification by Kellgren and Lawrence [19]. For analysis

of the cam deformity, the a angle according to Nötzli et al.
was measured in the frog leg lateral radiograph as

described by Clohisy et al. [7, 29]. All radiographs were

blinded and analyzed by an independent radiologist at

final follow-up.

Surgical technique

Arthroscopy was performed with the patient placed on the

traction table in the supine position [8]. In the peripheral

compartment and without traction, correction of the cam

morphology was performed with reshaping of the head-

neck junction by osteochondroplasty. The central com-

partment was inspected under traction. A capsulotomy

was not performed. When the intraoperative findings with

focal labral degeneration and a prominent acetabular rim

indicated an additional pincer focal conflict, resection of

the degenerated labrum and focal rim trimming was

conducted.
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Rehabilitation

Partial weight bearing of 20 kg on the operated leg using

crutches was prescribed for 3 weeks. Physiotherapy with

continuous passive motion, core strengthening and manual

therapy was started on the first day after surgery. NSAIDs

(Indomethacin 25 mg) were administered thrice daily for

21 days to prevent heterotopic ossification.

Patients and physiotherapists were advised to omit

strengthening of the hip flexors for 6 weeks postoperatively

in order to prevent iliopsoas tendinitis. Furthermore,

internal rotation as well as hip flexion over 90� was to be

avoided for the first 3 weeks. Cautious sports-specific

training was allowed after 3 months.

Statistical analysis

SPSS Statistic v.20 (IBM, Armonk, NY, USA) was used

for statistical analysis. The amount of improvement was

assessed for statistical significance using the Wilcoxon

signed rank test. The significance level was defined at

p\ 0.05 for all tests. The Mann–Whitney U test was

performed for inter-group comparison. Unless otherwise

stated, the results are reported as the mean ± standard

deviation.

Results

44 of 50 patients were included (88 %), 6 patients went

well when contacted by telephone but were not interested

in the follow-up study due to private reasons or a long

distance to hospital. Apart from complaints while partici-

pating in sports, deep hip flexion, ascending stairs and

prolonged sitting provoked symptoms most frequently.

None of the patients had undergone previous hip surgery.

The mean age was 34.3 ± 13.2 years (range 17–65) with

24 male and 20 female patients. In our population the male

patients were significantly (p = 0.04) older (38.6 ± 12.3

versus 30.3 ± 14.8 years) and had a significantly higher

preoperative a angle of 60.9� ± 9.3� when compared to the

female patients with 53.1� ± 9.6� (p = 0.04).

Of these 44 patients, 39 (89 %) were treated with cor-

rection of the femoral offset for isolated cam deformity, 5

with additional focal pincer correction and partial labral

resection. With regard to complications, there was no

incidence of persistent pudendal or perineal nerve injury,

avascular necrosis, fracture, venous thromboembolism,

infection or intra-abdominal fluid extravasation. 3 patients

had documented transient traction-related sensory disorders

as minor complications.

At final follow-up after a mean of 66.3 ± 14.5 months

(range 43–87, median 67.0 months), the modified Harris

hip score (mHHS) had improved significantly (p\ 0.001)

from 67.2 ± 6.4 (range 58–76) preoperatively to

86.4 ± 13.5 (range 69–100). The evaluation of the

WOMAC score (converted to 0 = best/100 = worst) at

final follow-up resulted in mean indices for the subcate-

gories pain 11.8 ± 16.5 (range 0–68), stiffness

12.2 ± 17.8 (range 0–60) and function 9.1 ± 16.1 (range

0–61). The SHV was estimated by the patients at final

follow-up with a mean of 77.7 ± 21.8 % (range

30–100 %) when compared to 100 % in an unimpaired hip

joint (Table 1).

Radiographs after surgery were available from 38

patients (Table 1) with a mean follow-up of

36.6 ± 24.6 months (range 12–70 months). The a angle

was reduced significantly (p\ 0.001) from 57.2� ± 10.1�
(range 52�–85�) to 46.3 ± 7.4 (range 38�–63�). The mean

Kellgren and Lawrence score for OA showed a non-sig-

nificant increase (p = 0.46) from 2.0 ± 0.8 (range 0–3)

preoperatively to 2.2 ± 0.9 (range 0–3) in last available

radiograph. In one patient (2.3 %), follow-up radiographs

revealed asymptomatic heterotopic ossifications type II

according to Brooker [4].

5 patients underwent secondary surgery for total hip

arthroplasty a mean of 28 months ± 7.1 (range 12–56)

after the arthroscopic surgery for FAI. These patients were

significantly older (p\ 0.01) with a mean age of

49.8 ± 7.8 years (range 42–62) when compared to the

other patients with 33.0 ± 13.2 years (range 17–65) who

did not undergo further surgery. The level of already pre-

sent osteoarthritic changes preoperatively was significantly

(p\ 0.01) higher with a mean Kellgren and Lawrence

score of 2.6 ± 2.5 (range 2–3) preoperatively in compar-

ison to 2.0 ± 0.7 (range 0–3) in the patients who com-

pleted follow-up (Table 1).

Table 1 Overview of the clinical and radiographic outcome

Pre OP Final p value

Modified Harris hip score

(0–100)

67.2 ± 6.4 86.4 ± 13.5 \0.001

a angle (�) 57.2 ± 10.1 46.3 ± 7.4 \0.001

Kellgren and Lawrence

score (0–4)

2.0 ± 0.7 2.2 ± 0.7 0.46

Subjective hip value (0–100) 77.7 ± 21.8

WOMAC, pain (100–0) 11.8 ± 16.5

WOMAC, stiffness (100–0) 13.2 ± 17.8

WOMAC, function (100–0) 9.1 ± 16.1

Age (years) 34.3 ± 13.2

Follow-up (months) 66.3 ± 14.5

Radiographic follow-up

(months)

36.6 ± 24.69
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Discussion

Despite published promising early results of arthroscopic

surgery for femoroacetabular impingement, the benefit in

the mid- to long-term and the possibilities for prevention of

progressive joint degeneration remain unclear [1, 5, 20, 28,

31, 34, 35]. We were able to demonstrate that encouraging

short-term results are maintained in the mid-term, with a

clinical improvement 5.5 years after arthroscopic correc-

tion of cam- and mixed-type FAI.

Persistent clinical improvement implies that the patients

have continued to improve over the entire postoperative

period, rather than maintain their level of improvement

compared to before surgery.

The HHS is a long-established outcome instrument for

hip associated disorders. Nevertheless, concerns have

been expressed that this score, initially having been

developed for the evaluation of OA, contains a ceiling

effect when it comes to a young, active and demanding

patient population due to its limited number of chal-

lenging items [6, 39]. Therefore, we also asked for the

SHV, which can reflect the patients’ satisfaction with

their hip function and depends only on their preferences

and expectations.

Our results are comparable to the studies with a con-

siderably shorter follow-up on arthroscopic surgery for

FAI. Byrd et al. evaluated patients with a minimum follow-

up of 24 months, showing a mean improvement of 21

points in the mHHS [5], Philippon et al. showed an

improvement of 24 points in the average after 28 months,

and Larsson et al. demonstrated an average increase of 21

points after 31 months [20, 34].

Our results show a 10.8 % conversion rate to THA an

average of 28 months after FAI correction. Those 5

patients were significantly older and had significantly more

advanced degenerative changes preoperatively compared

to the 39 patients who completed follow-up.

Horisberger et al. published a retrospective study on 20

patients with an average age of 47 years who underwent

arthroscopic FAI correction with advanced degenerative

changes. Similarly to our results, the presence of degen-

erative changes increased the risk of subsequent THA

significantly, with a mean of 1.4 years between FAI cor-

rection and THA [16].

Larson et al. compared 154 patients (169 hips) without

radiographic joint space narrowing to 56 patients (58

hips) with preoperative radiographic joint space narrow-

ing after a mean follow-up of 27 months. The failure rate,

defined as an mHHS \ 70 or conversion to THA, was

52 % in the cohort with degenerative changes compared

to 12 % in the cohort without signs of OA preoperatively

[21].

Our results are in line with the literature and indicate

that patients with existing degenerative changes do not

benefit in the mid- to long-term from arthroscopic FAI

correction. The comparably long follow-up period and the

comprehensive clinical and radiological follow-up using

well-established scores are the strong points of this study.

The retrospective study design and a possible bias in the

selection of the patient population due to the limited

arthroscopic surgical techniques at this time are limitations

that have to be considered. The new subjective hip value is

an additional tool for outcome evaluation but has not been

validated yet. Recently published tailored outcome tools

for the specific evaluation of younger and active FAI

patients are now available but can limit comparison to

results of earlier studies.

In conclusion, we were able to show that arthroscopic

correction of femoroacetabular impingement results in a

persistent favorable clinical and radiological outcome in

the majority of patients a mean of 5.5 years after surgery.

One must bear in mind that patients with existing degen-

erative changes do not benefit in the mid- to long-term and

that, despite FAI correction, progression of OA with an

indication for THA may then be inevitable.
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