
SYMPOSIUM: THE HIP FROM CHILDHOOD TO ADOLESCENCE

How Often Does Femoroacetabular Impingement Occur After
an Innominate Osteotomy for Acetabular Dysplasia?
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Abstract

Background Femoroacetabular impingement is increas-

ingly recognized as a cause of hip pain but its incidence

after an innominate osteotomy for the correction of

acetabular dysplasia has not been determined. This infor-

mation would be essential for the orthopaedic surgeon

because it has the potential to produce a poor outcome in

the long term when trying to balance acetabular instability

and overcorrection.

Questions/purposes The purposes of our study were (1)

to determine the frequency with which clinically relevant

femoroacetabular impingement (FAI) occurs after an

innominate osteotomy for the treatment of acetabular

dysplasia; (2) to determine risk factors for the development

of FAI; and (3) to compare postoperative radiographic and

clinical outcomes in patients having undergone an innom-

inate osteotomy for the correction of acetabular dysplasia

both with and without FAI.

Methods This was a retrospective review of 154 hips (132

patients) that had undergone an innominate osteotomy for

acetabular dysplasia and were evaluated at a minimum

followup of 10 years (mean = 12 years). Mean age at the

time of surgery was 3 years, 114 hips had a concomitant

open reduction, and 54 hips also had femoral shortening.

One hundred eight hips had a Salter osteotomy and 46 had

a Pemberton osteotomy. Radiographs were analyzed to

determine the lateral center-edge angle (CE angle) and the

presence of a crossover sign. The diagnosis of FAI was

established when the CE angle was greater than 40�, there
was a positive crossover sign, and the patient had groin

pain when flexing the hip less than 90�. Comparisons

between nonparametric variables were performed with a

Mann-Whitney’s U test. Categorical variables were com-

pared with a chi-square test. Change in acetabular index

(correction) was dichotomized considering 20� of correc-

tion as the cutoff point. Association is presented as odds

ratio (95% confidence interval), and logistic regression was

performed.

Results According to our criteria, 18 of 154 hips had FAI

(12%). Of the 18 patients with FAI, 10 had undergone a

Pemberton osteotomy (10 of 46 [22%]) and eight a Salter

osteotomy (eight of 108 [7%]). A change in the
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postoperative acetabular index greater than 20� was asso-

ciated with a greater likelihood of developing FAI. The

mean postoperative acetabular index was lower for the

group with FAI, for whom it was 20�, compared with the

group without FAI, for whom it was 27� (p = 0.04). The

mean Iowa Hip Score for the group with FAI was 85,

whereas for those without FAI, it was 93 (p = 0.03).

Conclusions FAI is not common after an innominate

osteotomy for the treatment of acetabular dysplasia; how-

ever, overcorrection is related to a higher incidence. When

FAI is present, it can affect the outcome. Overcorrection

should be avoided when performing an innominate

osteotomy for the treatment of acetabular dysplasia

because it can create iatrogenic FAI and have an adverse

effect on outcome.

Level of Evidence Level III, therapeutic study.

Introduction

It is widely recognized that pathologic conditions of the hip

in adolescent and young adult patients may cause perma-

nent hip osteoarthritis (OA) and associated long-term

disability. There is a spectrum of morphologic abnormality

that includes both dysplasia/instability and femoroacetab-

ular impingement (FAI), which are two pathomechanisms

that result in most problematic hip disorders in adolescents

and young adults [7, 9, 14, 16, 19, 22, 27]. Currently,

structural damage to articular cartilage and the chondro-

labral complex is believed to be the primary abnormality in

the etiology of hip OA [1, 7, 9, 16, 17, 20, 22, 27, 28]. The

mechanical theory of OA postulates that the acetabular rim,

labrum, and adjacent articular cartilage serve as the initial

site of structural damage. Structural damage of the articu-

lating surfaces of the hip initially occurs secondary to

instability, impingement, or both.

Two of the most commonly used procedures for the

correction of acetabular dysplasia are the innominate

osteotomy described by Salter [25] and the pericapsular

osteotomy described by Pemberton [21]. The rationale for

the Salter osteotomy is stabilization of the reduced hip in

the position of function by redirecting the misdirected

acetabulum; the coverage of the lateral part of the femoral

head (translated into a reduction in the acetabular index) is

typically increased a mean of 12�. Rab [23] developed a

mathematical model for the Salter osteotomy that predicted

a theoretical improvement in the acetabular index of

approximately 10�. The positive biomechanical influence

of a well-centered, stabilized hip on secondary maturation

and normal development of the hip has been documented in

most studies with long-term followup. The pericapsular

osteotomy described by Pemberton is based on the prin-

ciple of reshaping the dysplastic acetabulum and similarly

good long-term results have been described [31]. There

does remain, however, a potential for overcorrection and

iatrogenic FAI with either of these procedures.

The ultimate factors that predispose certain hips to

develop degenerative changes remain uncertain [2, 4, 13].

We are concerned that overcorrection and the resulting

reduction of clearance between the femoral head and the

acetabulum may be one such factor. However, few studies

have evaluated the presence of FAI after innominate

osteotomy procedures, and it remains unknown whether the

presence of FAI is clinically relevant [13].

We therefore sought (1) to determine the frequency with

which clinically relevant FAI occurs after an innominate

osteotomy for the treatment of acetabular dysplasia; (2) to

determine risk factors for the development of FAI; and (3)

to compare postoperative radiographic and clinical out-

comes in patients having undergone an innominate

osteotomy for the correction of acetabular dysplasia both

with and without FAI.

Patients and Methods

We performed a retrospective study of 132 patients (154

hips) who underwent an innominate osteotomy for

acetabular dysplasia at a minimum followup of 10 years

(mean = 12 years) (Appendix 1 [Supplemental materials

are available with the online version of CORR1.]).

Between January 2000 and December 2004, 316 patients

(398 hips) with a diagnosis of acetabular dysplasia under-

went surgical correction in a single institution by one of

two experienced pediatric orthopaedic surgeons (NC, PC).

Cases in which varus or derotation osteotomies had been

performed were not included and the patients who had

undergone revision surgery were excluded. Thus, 154 hips

were available for clinical and radiographic followup at a

minimum of 10 years. The mean age at the time of surgery

was 3 years (and their mean age at the time of final fol-

lowup was 15 years), 114 hips had a concomitant open

reduction, and 54 hips also had femoral shortening; the

indication for the open reduction was when the hip was

considered to be dislocated and the femoral shortening was

performed when the reduction was considered to be too

tight without it. However, this was the individual surgeon’s

criteria. One hundred eight hips had a Salter osteotomy and

46 had a Pemberton osteotomy; this was also dependent on

surgeon criteria. The procedures were all carried out

through a standard anterior modified Smith-Petersen

approach with a standard technique. Most of the hips (n =

114) underwent a concomitant open reduction in addition

to the innominate osteotomy; this was performed when it

was considered that the hip was dislocated as indicated by a

Tönnis grade of dislocation of II or greater. Fifty-four also
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had femoral shortening when it was deemed that the

reduction was too tight. These decisions were consistent

between surgeons but varied on an individual basis for each

case. The femoral shortening was performed through a

separate lateral approach and in all cases was fixed with a

standard four-hole locking compression plate; the amount

of femoral shortening was not recorded and varied

according to each case. No intentional derotation was

performed in these cases. Both surgeons use the technique

of performing the first femoral cut, reducing the joint, and

shortening the amount of overlap found. Patients were

placed in a one-leg spica cast for 6 weeks after the surgery

and were subsequently placed in a part-time Denis-Browne

abduction splint at night for 3 months. No specific physical

therapy was indicated. The mean postoperative acetabular

index for the patients undergoing a Pemberton osteotomy

was 23� and for the patients undergoing a Salter osteotomy,

it was 26�.
All of these patients were seen and evaluated clinically

by one of three independent examiners who had not been

involved in the original treatment (AM, CV-R, DPS) and

radiographs were taken at final followup.

Radiographs were analyzed to determine the lateral

center-edge angle or center-edge angle of Wiberg [32]

obtained from an AP pelvic radiograph and used to assess

the superolateral coverage of the femoral head by the

acetabulum. It was calculated by measuring the angle

between two lines: (1) a line through the center of the

femoral head, perpendicular to the transverse axis of the

pelvis; and (2) a line through the center of the femoral

head, passing through the most superolateral point of the

sclerotic weightbearing zone of the acetabulum. Values of

\ 25� may indicate inadequate coverage of the femoral

head, whereas values of[ 40� may indicate overcoverage

[30].

With use of an AP view of the pelvis, all acetabula can

be labeled as retroverted or anteverted on the basis of the

presence or absence of a crossover or figure-of-eight sign.

An acetabulum is considered to be anteverted if the line of

the anterior aspect of the rim does not cross the line of the

posterior aspect of the rim before reaching the lateral

aspect of the sourcil and retroverted if the line of the

anterior aspect of the rim does cross the line of the pos-

terior aspect of the rim before reaching the lateral edge of

the sourcil [3]. This can be a difficult determination to

make, and it requires careful assessment of the film quality,

because a large element of error may be introduced by

excessive pelvic tilt or rotation or a lack of clarity of the

anterior and posterior acetabular margins. Detection of the

posterior aspect of the rim inferiorly at the transition to the

ischium can facilitate distinction between the anterior and

posterior margins. Prominent extension of the ischial spine

into the pelvis is an additional finding that is associated

with acetabular retroversion. It should be noted that true

acetabular retroversion is associated with a deficient pos-

terior wall (the center of the femoral head is lateral to the

posterior aspect of the hip), whereas anterior overcoverage

refers to the hip with a crossover sign but no posterior wall

deficiency. We used the definition of a positive crossover

sign described by Tannast et al. [29], which has been

proven to be reliable [10, 15]. The radiographic diagnosis

of FAI was established when the center-edge (CE) angle

was greater than 40� and there was a positive crossover

sign.

Clinical evaluation was performed with the Iowa Hip

Score and the presence of a positive impingement sign was

looked for; the clinical diagnosis of FAI was considered

when the patient had groin pain when flexing the hip less

than 90� and rotating internally less than 15�. This evalu-
ation was done by one of three investigators (AM, CV-R,

DPS) who are orthopaedic surgeons and were not involved

in the treatment of these patients.

Of the entire cohort of 154 patients, at the time of final

followup, it was found that 10 had pain on activities of

daily living and 15 referred pain on exertion. The mean

Iowa Hip Score for the 114 patients undergoing an open

reduction was 87 compared with 90 for the 40 hips that

only had the innominate osteotomy and 84 for the 54 who

also underwent femoral shortening (p = 0.03 and 0.04,

respectively). The mean Iowa Hip Score for the 108

patients who underwent a Salter osteotomy was not dif-

ferent from those who underwent a Pemberton osteotomy

(90 versus 88; p = 0.05).

Statistical Analysis

Continuous variables were tested for normality (Kol-

mogorov-Smirnov). All were nonparametric and are

described as median (interquartile range, minimum–maxi-

mum). Categorical variables are described as absolute

frequencies (percentage). Comparisons between nonpara-

metric variables were performed with a Mann-Whitney’s

U test. Categorical variables were compared with a chi-

square test. Change in acetabular index (correction) was

dichotomized considering 20� of correction as the cutoff

point. Association is presented as odds ratio (95% confi-

dence interval). A logistic regression model was performed.

An omnibus test was used to select between models.

Change in acetabular index alone was the best model. The

Hosmer and Lemeshow test was used to assess its goodness

of fit. Analysis was performed with SPSS Version 20.0

(IBM Corp, Armonk, NY, USA), R Statistical Software

(Version 3.1.0: A language and environment for statistical

computing; R Foundation for Statistical Computing,

Vienna, Austria), and Rcmdr package (Version 2.0-4, Fox
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J, McMaster University, Canada, Hamilton, Ontario,

Canada). A p value B 0.05 was considered statistically

significant.

Results

According to our criteria, 18 of 154 hips had FAI, which

represents a frequency of 12%. Forty-two patients had a CE

angle greater than 40� and the same 42 patients had a

crossover sign; however, of these 42 patients, only 18 had

groin pain on flexion of the hip below 90� and internal

rotation of less than 15�.
After assessing the importance of variables such as sex,

age, and preoperative acetabular index, we found that none

were significant confounders; change (correction) in

acetabular index itself resulted in a B coefficient of -0.049

(Exp [B] = 0.952; 95% confidence interval [CI], 0.907) and

a change (correction) in the acetabular index greater than

20 was associated with an increased likelihood of a patient

developing symptomatic FAI (odds ratio, 2.197; 95% CI,

1.154–4.180; p = 0.015).

The mean CE angle for the entire cohort was 32�; for the
114 patients undergoing an open reduction, it was 32� and
was the same as for the 40 hips that only had the innom-

inate osteotomy (p = 0.06). The mean final CE angle for the

108 patients who underwent a Salter osteotomy was 31�
compared with 34� for the 46 patients who had a Pem-

berton osteotomy (p = 0.05). The mean immediate

postoperative acetabular index after osteotomy was lower

in the group with FAI than in the group without FAI (20� ±
2� versus 27� ± 3�, p = 0.004). There was no difference in

the rate of FAI by age or sex and the groups were

homogenous (Table 1). The only statistically significant

finding was the postoperative acetabular index with the

group who presented FAI having a mean acetabular index

(AI) of 20� compared with the group without FAI for

whom it was 22� (Table 2; Figs. 1, 2, 3). We found that

FAI occurred more than twice as often when the correction

in AI was greater than 20� (Table 3). As expected, hip

scores were lower in patients with FAI than those without

FAI. The mean Iowa Hip Score for the group with FAI was

85, whereas for those without FAI, it was 93 (p = 0.03)

(Table 4).

Fig. 1 Difference in preoperative AI between the group that

ultimately presented FAI and the one that did not.

Table 1. Characteristics of the sample

Characteristic Group: FAI (n = 59) Group: normal (n = 169) p value*

Age (years) 2.5 (1.0, 1.4–6.0) 2.5 (1.6, 1.3–8.3) 0.894

Female sex 51 (86.4%) 155 (91.7%) 0.237

Values presented as median (interquartile range, minimum–maximum), absolute frequency (%); * Mann-Whitney’s U test, chi-square test;

FAI = femoroacetabular impingement.

Table 2. Difference in AI

Acetabular index Group: FAI (n = 59) Group: normal (n = 169) Difference p value*

Preoperative 40 (6, 28–50) 40 (8, 28–54) 0 0.758

Postoperative 20 (6, 2–32) 22 (5, 10–40) 2 0.056

Change 18 (10, 6–42) 16 (8, 4–34) 2 0.063

Values presented as median (interquartile range, minimum–maximum); * Mann-Whitney’s U test; AI = acetabular index; FAI = femoroac-

etabular impingement.
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Discussion

In the principles of treatment of hip dysplasia outlined by

Salter [26], the correction of bony deformity to improve

hip stability was well documented; and although the con-

dition of abnormal abutment between the femoral head and

the acetabulum had been recognized many years before, it

was only until fairly recently that the condition known as

FAI was truly recognized as an independent pathological

condition. The treatment of acetabular dysplasia must take

into account this delicate balance between instability and

overcorrection. Although the principle of improving the

bony coverage is easily understood, it is easy to overcorrect

and produce FAI. It has been proven that static factors

resulting in abnormal stress and load between the femoral

head and the acetabulum lead to asymmetric wear of the

chondral surfaces of both the acetabulum and the femoral

head, and this can be accentuated when dynamic stress

results in abnormal contact between the femoral head and

acetabular rim.

The presence of acetabular retroversion after an

innominate osteotomy is a well-known phenomenon; Sal-

ter’s innominate osteotomy predisposes to retroversion

because it hinges on the symphysis pubis [18]. It has been

postulated, however, that this acetabular version will

remodel by skeletal maturity.

The radiographic results of innominate osteotomies in

the frontal plane have been well outlined [5, 6, 8]; how-

ever, the evaluation in the transverse plane, especially

evaluation of retroversion, is less understood.

Our results are similar to those of Dora et al. [11] who

found acetabular retroversion to be present in

Table 3. Association between AI correction[ 20� and FAI

Change in acetabular index Group: FAI

(n = 59)

Group: normal

(n = 169)

OR (95% CI) p value*

AI[ 20� 22/59 (37.3%) 36/169 (21.3%) 2.197 (1.154 – 4.180) 0.015

Values presented as absolute frequency (%); * Chi-square test; FAI = femoroacetabular impingement; AI = acetabular index; OR = odds ratio;

CI = confidence interval.

Table 4. Logistic regression model classification table

Observed Predicted

FAI Normal Percent correct

FAI 1 58 1.7

Normal 0 169 100.0

Overall percent correct 74.6

Logistic regression: B = �0.049, Exp(B) = 0.952 (95% confidence

interval, 0.907–0.999; p = 0.043); constant : B = 1.913, Exp (B) =

6.773 (p\ 0.001); FAI = femoroacetabular index.
Fig. 3 Difference in the change of the acetabular index between the

group that ultimately presented FAI and the one that did not.

Fig. 2 Difference in postoperative AI between the group that

ultimately presented FAI and the one that did not.
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approximately one-third of patients who had undergone

either a Salter or Le Coeur osteotomy.

Understanding the morphology of the acetabulum AP

view of the pelvis can be difficult. The mouth of the

acetabular opening spirals gradually into increasing

anteversion from the proximal part to the distal part of the

acetabulum; at the proximal part, the acetabular dome has a

mean anteversion of 4� (with 95% being between 2� and

5�) [24]; at the equator of the femoral head, the mean

version is 20�. The most relevant site is in the proximal

third of the acetabulum where ROM by impingement can

occur when there is overcoverage. Provided the pelvic

radiograph is orthograde, we can assume version of the

acetabular dome by evaluating the anterior and posterior

borders of the acetabulum and their relationship, consid-

ered to be normal if both lines join together at the lateral

edge of the acetabular roof.

FAI is not common after an innominate osteotomy for

the treatment of acetabular dysplasia; however, overcor-

rection is related to a higher incidence. When FAI is

present, it can affect the outcome. Overcorrection should

be avoided when performing an innominate osteotomy for

the treatment of acetabular dysplasia because it can create

iatrogenic FAI and have an adverse effect on outcome.

Limitations

This study has major limitations, the most important one

being that as a result of being a retrospective review, there

are a number of confounding variables that were uncon-

trollable. The definition of FAI is somewhat subjective and

the criteria for defining it are subject to individual inter-

pretation. However, this introduces the risk of information

bias, but we reduced this risk for our study by defining FAI

strictly as a combination of clinical impingement defined

by having groin pain when flexing the hip less than 90� and
rotating internally less than 15� and radiographic signs

defined by having a CE angle greater than 40� and a pos-

itive crossover sign.

There is potential for selection bias because the com-

pleteness of followup and case ascertainment differed

between the groups; however, the high level of followup

minimizes this risk. We believe that this is medical

surveillance bias and is excluded by the fact that our groups

underwent the same procedures. There is also potential for

information bias because the validity of our methods for

diagnosing FAI has not been established. This is something

for the medical community to work on the future because a

clear definition of what constitutes clinically relevant FAI

should be established.

The fact that radiographs were not standardized is a

major limitation; however, we believe that by combining

the radiographic signs we took into account, which are easy

to establish, and combining them with the presence of

clinically significant findings, the true incidence of relevant

FAI could be established. Another consideration is length

of followup, which should be taken into account, especially

considering the changing nature of the developing acetab-

ulum, which does not fully develop until early adulthood

[12].

Conclusions

We determined the frequency with which clinically rele-

vant FAI occurs after an innominate osteotomy for the

treatment of acetabular dysplasia to be 12%; approximately

one in 10 hips undergoing an innominate osteotomy pre-

sented clinically relevant FAI. We also determined that a

change in the acetabular index greater that 20� was an

independent risk factor for developing FAI when per-

forming an innominate osteotomy for the treatment of

acetabular dysplasia. When FAI was present in a cohort of

patients of similar characteristics, the clinical outcome was

worse than when it was not present.

Our results are not meant to discourage surgeons from

performing innominate osteotomies in the treatment of

acetabular dysplasia because this is a long-standing treat-

ment, which has proven to have excellent results. However,

we believe that our results should add to the understanding

of the normal balance of hip physiology. Overcorrection

should be avoided when performing an innominate

osteotomy for the treatment of acetabular dysplasia

because it can create iatrogenic FAI and have an adverse

effect on outcome.

A better understanding of the three-dimensional nature

of the acetabulum and the change in the relationship with

the femoral head after performing an innominate osteot-

omy will help improve the outcome by reducing the rate of

impingement.
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