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Abstract Protrusio acetabuli is identified on anteropos-

terior (AP) radiographs of the pelvis with an acetabular line

projecting medial to the ilioischial line. We documented

this radiographic sign and additional radiographic param-

eters in 19 patients (29 hips) with protrusio and compared

the parameters to those of 29 older patients (29 hips) with

advanced primary osteoarthritis (OA) but no protrusio and

12 younger patients (22 hips) with protrusio but no

advanced OA. A negative acetabular roof angle and par-

ticularly large acetabular fossa were more apparent in

younger patients; these hips suggest the destruction of a

protrusio hip begins less in the medial joint area and more

in the posteroinferior joint, and the mechanism is driven

less by excessive medially directed forces but by a pincer

impingement. While the indication for joint-preserving

surgery currently consists primarily of a valgus femoral

osteotomy based on AP radiographs and patient age,

modern decision making also relies on cartilage evaluation

and requires advanced surgical techniques. We conclude

joint-preservation surgery must be tailored to the individual

hip morphology.

Level of Evidence: Level III, prognostic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

The pathomorphology of an acetabulum protruding into the

true pelvis was first described by Otto in 1816 [20]. During

the next 100 years, the interest in hip protrusion was

focused on etiology and classification, while treatment

recommendations remained limited. In 1935, Overgaard

[21] presented the first useful classification into primary

and secondary protrusio, which was later modified by

Gilmour [12] into the most commonly used classification

today. It distinguishes between cases explained by an

underlying disease (secondary) and those without such

etiological explanation (primary). Today, the list of causes

of secondary protrusion ranges widely from infection,

trauma, and underlying metabolic, neoplastic, and genetic

diseases [7]. Bilateral manifestation with a female pre-

dominance has typically been described for primary

protrusio [1, 12]. Heredity [6] and racial influence [4] have

also been reported. A number of morphological arguments

including accelerated epiphyseal growth and premature

fusion of the triradiate cartilage have suggested a devel-

opmental etiology [7] of primary protrusion; however,

these have not yet been substantiated.
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The consequence of acetabular protrusio is secondary

osteoarthritis (OA) and has been characterized by a loss of

medial joint space, while the craniolateral (superior) joint

space initially remains largely unaltered. The mechanism

has been explained by higher load transmission through the

medial aspect of the joint [5, 18]. Even in minimal primary

protrusion the femoral head has been observed to migrate

medially over time. We presume the acetabular morphol-

ogy of the protrusion with OA differs from the classic OA

patients.

The present standard surgical treatment in middle and

older age has been total joint replacement, while resection

arthroplasty and even arthrodesis were historical treatment

options. Anterior acetabuloplasty was first performed by

Smith-Petersen [28] to increase motion in older patients

with marked stiffness. Surgical closure of the triradiate

cartilage has been proposed for the skeletally immature hip

[29]; however, this approach has not been widely adopted,

in part because of the inability to predict which hips will

undergo progressive protrusion. Valgus intertrochanteric

osteotomy has also been recommended in the young adult

under the age of 40 years without the presence of arthritic

changes [7, 19, 24].

The aims of this paper were: (1) to compare the mor-

phology using preoperative radiographs in an arthroplasty

database of a cohort of patients with acetabular protrusion

with osteoarthritis to an age- and gender-matched cohort

with classic osteoarthritis; (2) to characterize the mor-

phology of young patients with acetabular protrusion and

to compare these patients to the patients with acetabular

protrusion with osteoarthritis; and (3) to retrospectively

review the clinical and radiographic information of the

young protrusion patients who underwent joint-preserving

surgery.

Material and Methods

We retrospectively compared the radiographic parameters

in 19 patients (29 hips) with acetabular protrusio who

underwent total hip replacement for secondary OA (pro-

trusio OA group) to those in two groups of patients: (1) 29

patients (29 hips) with OA (but no protrusio) who were

age-, gender-, and Tönnis scale [30] matched (OA Control

group), and (2) 12 young (\ 43 years of age) patients (22

hips) with protrusio being evaluated for possible joint-

preserving surgery (protrusio joint preservation group).

The 19 patients with protrusio included all those patients

between 35 and 81 years who had undergone total hip

arthroplasty. Protrusio was defined by an acetabular line

crossing the ilioischial line by 3 mm (male) or 6 mm

(female) on the anteroposterior (AP) view (Fig. 1A–C)

[2, 13, 31].

The patient demographic information was recorded

including the age, gender, hip involvement (unilateral or

bilateral), type (primary or alternate diagnosis), and sub-

sequent surgical procedures.

All patients of both groups had a standard AP radio-

graph of the pelvis with the patient in a supine position and

cross-table lateral views. All radiographs were performed

with the coccyx positioned in the midline, about 1 cm

above the pubic symphysis (neutral tilt) and the obturator

Fig. 1 (A) In a normal hip, the acetabulum sufficiently covers the

femoral head. (B) In coxa profunda, the head is more medial with the

acetabular fossa being at or medial to the ilioischial line. (C) In protrusio,

the femoral head is close, at or medial to the ilioischial line and the

acetabular roof is negatively tilted with the center of the femoral head

being medial to the anterior and posterior acetabular walls. (Reprinted

with permission from Leunig, M., Huff, T., Ganz, R. Femoroacetabular

impingement: Treatment of the acetabular side. In: Azar FM, O’Connor

MI (eds). Instructional Course Lectures 58. Rosemont, IL: American

Academy of Orthopaedic Surgeons; 2009:223–229.)
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foramina and the greater trochanter symmetrical (neutral

rotation) [26]. All radiographs were graded using tools to

measure length (mm) and angles (�) provided by the PACS

by one orthopaedic surgeon (SJN). The joint space was

measured at two points, medial and superior. The following

parameters were measured: Tönnis angle [30], Sharp’s

angle [25], the lateral center edge (LCE) angle of Wiberg

[32], femoral head extrusion index, neck-shaft angle, cross-

over sign, posterior wall sign [23], ilioischial line relative

to acetabular fossa, center of rotation of femoral head

relative to the top of the trochanter [32].

According to availability, additional information from

the radiographic studies was also recorded including false

profile radiographs [15], computer tomography, and mag-

netic resonance (MR) arthrography [17]. These studies

have been used to determine whether pathomorphological

aspects can be better visualized than with AP pelvic

radiographs alone and have currently been used to guide

treatment for joint-preservation surgery [19, 21, 22]. Fur-

thermore, the radiographic findings of previously operated

hips from this group have been correlated to the intraop-

erative pathology observed during routine surgical hip

dislocation [9]. False profile views to show the posteroin-

ferior joint space [15] were available from seven hips.

Computer tomography was performed in four patients and

MR arthrography was available from seven hips.

At the time of surgery, the amount and location of

cartilage injury was recorded. Except for one hip with

reversed periacetabular osteotomy only, the first step of

surgery was surgical dislocation [9], followed by global or

localized trimming of the acetabular rim, and/or relative

neck lengthening [10], and/or reversed periacetabular

osteotomy (PAO) [27] and/or valgus intertrochanteric

osteotomy. In a reversed PAO, the protrusio acetabulum

was reoriented with flexion and internal rotation of the

acetabular fragment to allow impingment-free motion in

flexion and internal rotation.

Histograms were performed to determine whether the

data were normally distributed. Superior joint space and the

medial joint space measurements were the only measure-

ments that did not follow a normal distribution and for

these we used nonparametric tests. We determined differ-

ences in superior joint space and medial joint space

between all groups using the Kruskal-Wallis tests and

performed post-hoc analysis with Tukey test to compare

between protrusio OA and control OA cohorts and between

protrusio OA and protrusio joint preservation cohorts.

We determined differences in radiographic morphology

(Tönnis angle, Sharp’s angle, LCE angle, FH extrusion,

neck-shaft angle) between protrusio OA and control OA

cohorts using one-way ANOVA with Bonferroni post-hoc

analysis. We also determined differences in radiographic

morphology (Tönnis angle, Sharp’s angle, LCE angle, FH

extrusion, neck-shaft angle) between protrusio OA and

protrusio joint preservation cohorts using one-way

ANOVA with Bonferroni post-hoc analysis. Analysis was

performed using SPSS software (SPSS, Inc., Chicago, IL).

Results

We observed a number of radiographic differences

between protrusion hips and the OA control group.

Although the degree of joint degeneration was similar

between the two cohorts (Table 1), the pattern of joint

space narrowing differed markedly (Tables 2, 3). In the

protrusio group, the medial joint space was decreased and

the superior joint space was increased when compared to

the OA control group. The acetabular morphology also

differed between the two groups. All hips in the protrusio

group had an ilioischial line lateral to the acetabular fossa,

whereas the opposite was observed in the hips of the OA

control group. The posterior rim was lateral to the center of

rotation in a greater percentage (p = 0.004) of the hips in

Table 1. Matched group characteristics

Variables Osteoarthritis

protrusion (%)

Protrusion joint

preservation (%)

Osteoarthritis

control (%)

No. Patients 19 12 29

No. Hips 29 12 29

Gender

Male 2 (11) 2 (17) 6 (21)

Female 17 (89) 10 (83) 23 (79)

Tonnis Scale

Grade 0 0 (0) 3 (25) 0 (0)

Grade 1 9 (31) 8 (67) 8 (28)

Grade 2 8 (28) 1 (8) 11 (38)

Grade 3 12 (41) 0 (0) 10 (34)

Table 2. Radiographic measurements of protrusio acetabuli with

osteoarthritis compared to osteoarthritis control patients

Variable Osteoarthritis

protrusion

Osteoarthritis

control

P Value

Mean ± SD Mean ± SD

Age 66 ± 14 67 ± 12 0.9923

Superior joint space (mm) 4 ± 1 1 ± 1 0.0001

Medial joint space (mm) 3 ± 1 3 ± 2 0.2590

Tonnis angle (�) �14 ± 9 2 ± 6 0.0001

Sharp’s angle (�) 51 ± 10 53 ± 6 0.0140

LCE angle (�) 60 ± 8 36 ± 9 0.0001

FH extrusion index (%) 106 ± 13 68 ± 18 0.0001

Neck shaft angle 121 ± 5 130 ± 7 0.0001
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the protrusion group than in the OA control group (100%

versus 24%, respectively). There was only one hip in the

OA control group with a positive crossover sign. Parame-

ters that measure lateral coverage, center edge angle, and

Sharp’s angle were greater in the protrusion group com-

pared to the OA control group. The mean Tönnis angle in

the protrusion group differed (p = 0.0001) from that in the

OA control group and was negative (�14�) compared to

(+ 2�) in the OA control group. On the femoral side, there

were distinguishing radiographic characteristics between

the two groups. The center of rotation of the femoral head

was lower than the tip of the greater trochanter in 93% of

cases in the protrusion group. The OA control group, in

Table 3. Radiographic measurements of protrusio acetabuli with

osteoarthritis compared to protrusio joint preservation patients

Variable Osteoarthritis

protrusion

Protrusion

joint preservation

P Value

Mean ± SD Mean ± SD

Age 66 ± 14 27 ± 6 0.0001

Superior joint

space (mm)

4 ± 1 5 ± 1 0.0650

Medial joint

space (mm)

3 ± 1 2 ± 1 0.2844

Tonnis angle (�) �14 ± 9 �10 ± 7 0.3510

Sharp’s angle (�) 51 ± 10 58 ± 6 0.0160

LCE angle (�) 60 ± 8 48 ± 7 0.0001

FH extrusion index (%) 106 ± 13 111 ± 8 0.8730

Neck shaft angle 121 ± 5 130 ± 8 0.0001

Table 4. Radiographic evaluation of groups

Variables Osteoarthritis

protrusion (%)

Protrusion joint

preservation (%)

Osteoarthritis

control (%)

Cross-over sign

No 29 (100) 12 (100) 28 (97)

Yes 0 (0) 0 (0) 1 (3)

Posterior wall sign

No (medial) 0 (0) 0 (0) 22 (76)

Yes (lateral) 29 (100) 12 (100) 7 (24)

Ilioischial line relative to acetabular fossa

Lateral 29 (100) 12 (100) 0 (0)

Touching 0 (0) 0 (0) 0 (0)

Medial 0 (0) 0 (0) 29 (100)

COR relative to trochanter

Varus 27 (93) 11 (92) 9 (31)

Valgus 2 (7) 1 (8) 19 (69)

Fig. 2 A 23-year old female patient with bilateral protrusio acetabuli

had severe bilateral hip pain and globally restricted ROM since

childhood. Protrusio acetabulum with acetabular line (dashed line)

crossing the ilioischial line (solid line) by 6 mm in females and 3 mm

in males.

Fig. 3A–B (A) A 22-year old female patient with bilateral borderline

protrusio with severe negative inclination of the acetabular roof

complained of global limitations in ROM and bilateral hip pain (left

worse than right). (B) Coronal cut of an MR arthrography demon-

strates that the acetabular fossa extends far into the weight-bearing

zone of the roof, and therefore, rim trimming in such a morphological

constellation would further reduce the cartilaginous weight-bearing

zone to a critical range.

2244 Leunig et al. Clinical Orthopaedics and Related Research

123



contrast, had a center of rotation of the femoral head lower

than the tip of the trochanter in 69% of the hips. The neck-

shaft angle of the protrusio group (121�) was substantially

less than the OA control group (130�).

The radiographic characteristics in the group of young

patients differed slightly from those with protrusion and

advanced OA (Table 4). However, four hips in two young

patients had a substantially negative roof angle, which we

interpreted as primary and not due to bone apposition of the

rim (Figs. 2, 3A–B).

Although the superior joint space on the false profile

views was still normal with little osteophytic reaction, the

posteroinferior joint space was clearly narrowed in four

hips (Fig. 4A), an argument against joint-preserving sur-

gery. Computer tomography in the four patients confirmed

the findings of the false profile radiography (Fig. 4B). MR

arthrography showed cartilage narrowing in the postero-

inferior joint from minimal to substantial in all seven hips.

In addition, the acetabular fossa subjectively seemed larger

than normal in all cases, extending high over the fovea

capitis into the weight-bearing zone and resulting in a

rather narrow cartilaginous roof in the four hips with

marked negative roof angle (Fig. 3B). All seven hips had

the typical MR-signs of pincer impingement with bone

apposition at the acetabular rim and the femoral neck in

various degrees. In one hip we observed considerable

cartilage destruction seen on MR posteriorly but also

anterosuperiorly.

In all 11 hips having surgical dislocation, cartilage

damage from minimal to substantial could be seen at the

posteroinferior acetabulum and/or posterior contour of

the femoral head (Fig. 5), while the cartilage damage of the

medial contour of the head was less severe. We recorded

the short-term results of this individualized surgical

approach (Table 5).

Because each case is unique, we selected case examples

to illustrate the clinical presentation and subsequent sur-

gical procedure. A 24-year old female patient had

symptomatic post-traumatic protrusio acetabuli after non-

operative treatment of a complex acetabular fracture

(Fig. 6A). We used an ilioinguinal approach to periace-

tabular osteotomy that allowed manipulation of the

acetabular fragment such that the acetabulum was

Fig. 4A–B (A) The false profile view of the left hip of a 37-year old

female patient with bilateral protrusion who complained of worsening

symptoms and loss of extension on the left side is shown. While the

superior joint space is preserved, there is marked joint space

narrowing in the posteroinferior aspect of the joint. A prominent

ossification of the inferior rim is visible, indicating posteroinferior

impingement. (B) Computer tomography revealed that the area of

cartilage destruction and subchondral cyst formation in the postero-

inferior joint is even more extensive than on the false profile view. A

large bone apposition of the inferior rim can be seen, explaining the

impingement and loss of extension.

Fig. 5 An intraoperative image of a surgically dislocated femoral

head of a protrusion hip shows severe cartilage abrasions of the

posterior contour of the head with a corresponding acetabular

cartilage lesion (not shown). With head relocation, the impingement

mechanism can be reproduced, and the mode of origin of the ‘‘contre

coup lesion’’ [30] can be observed.
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lateralized with anatomic correction of the pubic ramus

with a 16-hole pelvic reconstruction plate (Fig. 6B). Less

than a year after surgery, the patient had a successful

vaginal delivery. One 25-year old female had osteogenesis

imperfecta with limited ROM until a fatigue fracture of the

acetabular fossa (Fig. 7A). We originally planned a surgi-

cal dislocation with circumferential rim trimming and

relative lengthening of the femoral neck. MR arthrography

revealed mild cartilage injury around the medial contour of

the head. Therefore we performed a reversed periacetabular

osteotomy. Three-year postoperative radiographs demon-

strated a lateralized acetabulum with a horizontal roof and

healing of the fatigue fracture; however, the craniomedial

joint space remained narrow (Fig. 7B). At that time the

patient reported pain only after strenuous activities with

marked improvement in ROM and femoroacetabular

clearance. A 16-year old male had bilateral protrusio ace-

tabuli and coxa vara with right-sided medial joint space

narrowing and marked restriction of motion. The patient

complained of only occasional pain but desired

improvement of his limited ROM. We therefore planned a

staged joint preserving surgery for the right hip followed

by the left hip in 6 months. The preoperative radiographs

demonstrated a pincer acetabulum with a horizontal roof,

and therefore, an acetabular reorientation would not

address the underlying pathomorphology (Fig. 8A). We

performed surgical dislocations with circumferential rim

trimming with labral refixation and valgus intertrochanteric

osteotomies to reduce the medializing forces. At two-year

followup the right hip had a slight increase in medial joint

space (Fig. 8B). The 30� valgus osteotomy improved the

joint clearance with markedly improved ROM.

Discussion

We describe the morphologic characteristics in hips with

protrusio acetabuli with an acetabular line measuring 3 mm

in males and 6 mm in females medial to the ilioischial line

Fig. 6A–B (A) Shown is a 24-year old female patient with post-

traumatic protrusio acetabuli after nonoperative treatment of a

complex acetabular fracture. (B) An ilioinguinal approach was

utilized, and the periacetabular osteotomy allowed manipulation of

the acetabular fragment such that the acetabulum was lateralized with

anatomic correction of the pubic ramus with a 16-hole pelvic

reconstruction plate.

Fig. 7A–B (A) Bilateral protrusio acetabuli in a 25-year old female

patient with an underlying diagnosis of osteogenesis imperfecta with

complaints of limited ROM until a fatigue fracture of the acetabular

fossa. MR arthrography revealed mild cartilage injury around the

medial contour of the head. (B) Three-year postoperative radiographs

demonstrated a lateralized acetabulum with a horizontal roof and

healing of the fatigue fracture; however, the craniomedial joint space

remained narrow.
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[1, 2, 7, 13, 19]. In the protrusio acetabuli OA group, other

parameters, especially the lateral center edge angle, the

roof angle, and the extrusion index but also the topography

of joint space narrowing, differed from those in the control

OA group; however, such pathological values have not

necessarily correlated with protrusion and may occur in a

normal population [2]. Our observations suggest this con-

stellation of abnormal radiographic measurements can be

observed in protrusion even in the setting of advanced OA.

The same abnormal radiographic measurements were

observed in a younger group of protrusion hips but to a

lesser degree; however, the absence of osteophytic reac-

tions clearly illustrated important morphological

particularities such as an excessively negative roof angle

combined with an acetabular fossa extending high into the

weight-bearing zone. These unique findings have never

been reported in a case series, and the only other study

reported on a single case by Dunlop and colleagues [7].

There are a number of limitations in the present study.

We retrospectively identified patients from our protrusion

database rather than from a prospective cohort comparison.

Due to the rarity of the condition, a prospective study of

protrusion acetabuli patients would not be practical due to

expense and long study period. The OA control group was

obtained from the hip arthroplasty database using age,

gender, and Tönnis scale matched to the OA protrusion

group, and the investigators attempted to create a cohort

that would allow a comparison of the hip morphology of

these two groups. Other morphologic characteristics (i.e.,

crossover sign) were not considered in the selection criteria

for the OA control group, and therefore may be limit the

comparison to protrusio OA group. The study did not uti-

lize a validated, hip-specific outcome instrument and range

of motion data to describe the functional outcome of the

protrusion joint preservation patients. There were a limited

number of patients with early- to midterm followup. Given

the infrequent presentation of a young patient with pro-

trusion acetabuli, the present series was the largest series of

patients undergoing joint preservation surgery for acetabuli

protrusion.

When joint-preserving surgery is being considered,

abnormal acetabular morphology requires a more individ-

ual approach (Fig. 9). A careful individual and family

history should be obtained, and the etiology should be

determined with appropriate medical consultation. Com-

plete physical examination including the hip range of

motion, strength, and anterior and posterior impingement

testing should be performed as well as an exam of the

contralateral extremity. A plain radiograph with an ade-

quate AP view provides the diagnosis. Further evaluation

of protrusion candidates for joint-preserving surgery

revealed the false profile radiographic view [15] was a very

specific view to exclude hips with excessive posterior

cartilage destruction in an otherwise minimally affected

joint. The false profile projection has been part of the

routine radiographic evaluation for acetabular dysplasia,

and Lequesne [14] has demonstrated its value in acetabular

protrusion. However, the false profile view has not found

wider acceptance for imaging acetabular abnormalities.

MR arthrography in the early stage of degeneration

revealed that protrusio hips have reactive changes along the

acetabular rim and on the head-neck junction that have

typically been observed in pincer impingement [3, 11].

Dynamic gadolinium MRI of cartilage may also be useful

to evaluate the degree of cartilage degeneration, but these

studies may not be available at most institutions. Together

with intraoperative findings of surgical hip dislocation in

protrusion hips, we propose that that chronic impingement,

especially its contre coup destruction of the cartilage in the

Fig. 8A–B (A) A radiograph of a 16-year old male with bilateral

protrusio acetabuli and coxa vara with right-sided medial joint space

narrowing is shown. The preoperative radiographs demonstrated a

pincer acetabulum with a horizontal roof, and therefore, an acetabular

reorientation would not address the underlying pathomorphology. (B)

Radiographs at 2 years after surgery on the right side and 1.5 years on

the left side demonstrated rim trimming with circumferential bone

anchors after labral refixation. The right hip revealed a slight increase

in medial joint space. The 30� valgus osteotomy improved the joint

clearance substantially resulting in markedly improved ROM.
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posterior joint, initiates the osteoarthritic process of the

protrusio hip rather than the pathologic medializing forces

as discussed in the literature [7, 18, 19, 22]. The precise

amount of posterior cartilage injury is not known, but

additional prospective studies will attempt to determine the

effect of cartilage destruction on the clinical outcome.

We recommend the majority of cases begin the proce-

dure with a surgical dislocation of the femoral head [9].

Open surgical dislocation will reduce the depth of the

acetabulum by trimming of the acetabular rim, and labral

refixation may be performed when appropriate [8]. Some

cases may require osteochondroplasty of the head-neck

junction and relative lengthening of the femoral neck in

order to increase the femoroacetabular clearance [10].

In these cases, a valgus intertrochanteric osteotomy is

indicated to lateralize the femoral head relative to the

acetabulum.

When the MR arthrogram demonstrates an abnormality

of the articular cartilage with extension of the acetabular

fossa in the weight-bearing zone, trimming of the rim may

be too late. Osteochondroplasty of the acetabular rim has

rarely been sufficient for the treatment of the complex

pathomorphology of an individual case. According to the

given morphology, a femoral-sided osteotomy (ie, valgus

intertrochanteric osteotomy) or a pelvis-sided osteotomy

(ie, reversed periacetabular osteotomy [11]) may be

appropriately performed simultaneously. However, the

reversed periacetabular osteotomy for protrusion has been

clearly more demanding than the classic periacetabular

osteotomy for the dysplastic acetabulum [16]. In reverse

PAO, manipulation of the fragment for reversed PAO is

more difficult because the abduction correction should be

executed around the center of the femoral head. Long-term

followup is necessary and may provide further information

on the efficacy of the procedure to maintain hip function

and, perhaps, delay the degenerative process.
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