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B Acetabular retroversion (AR) consists of a malorientation
of the acetabulum in the sagittal plane. AR is associated
with changes in load transmission across the hip, being a
risk factor for early osteoarthrosis. The pathophysiological
basis of AR is an anterior acetabular hyper-coverage and
an overall pelvic rotation.

B The delay or the non-diagnosis of AR could have an impact
in the overall management of femoroacetabular impinge-
ment (FAI). AR is a subtype of (focal) pincer deformity.

B The objective of this review was to clarify the pathophysi-
ological, diagnosis and treatment fundaments inherent to
AR, using a current literature review.

B Radiographic evaluation is paramount in AR: the cross-
over, the posterior wall and ischial spine signs are classic
radiographic signs of AR. However, computed tomogra-
phy (CT) evaluation permits a three-dimensional char-
acterization of the deformity, being more reliable in its
recognition.

B Acetabular rim trimming (ART) and periacetabular oste-
otomy (PAO) are the best described surgical options for
the treatment of AR.

B The clinical outcomes of both techniques are dependent
on the correct characterization of existing lesions and ade-
quate selection of patients.
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Introduction

Femoroacetabular impingement (FAI) consists of a set of
anatomical changes both in the acetabulum and/or

proximal femur.’-2 FAl may be associated with chondral
or labral lesions and, finally, with secondary osteoarthro-
sis (OA).3* Dynamic joint changes could cause the char-
acteristic lesions of FAl and other joint sequelae.*>
Classically, two types of FAl are described: the cam type is
characterized by a femoral head—neck junction deformity
that induces labral and chondral damage at the moment
of hip flexion; the pincer type is characterized by an exag-
gerated covering of the acetabular margins with conse-
quent damage to the head, metaphysis or femoral neck.!->
The biomechanical knowledge inherent to FAl has
allowed for the extension of the definition to other causes
of joint conflict, such as femoral retroversion® and femo-
ral retroversion with coxa valga,” but has also been able
to explain other deformities compatible with pincer type
conflict. In this type of impingement, the hyper-coverage
causes femoral lesions by impaction at the moment of
maximum flexion.8 This excessive marginal coverage
could be generalized (coxa profunda or protusio acetab-
uli) or focal (acetabular retroversion: AR).? Changes in
acetabular orientation and failure to recognize them may
have implications for the final FAI treatment outcome.™®
Moreover, acetabular orientation anomalies could coexist
with other important deformities (femoral cam deform-
ity, abnormal femoral version) and should always be
excluded from the evaluation.

Pathoanatomy

In normal hip development, the acetabular version pro-
gressively increases until the triradiate cartilage closure.
This increase is mostly due to the bone growth on the
acetabular posterior wall in its supero-lateral aspect.'!12
AR is an abnormal opening of the acetabulum in the sag-
ittal plane in a posterior direction, with an excessive cov-
erage of the femoral head and metaphysis in the anterior
border.’3 Its prevalence may be increased in patients



EFORT Open revieus

with hip development changes. Although the risk and
pathophysiological factors inherent to acetabular malori-
entation are unknown, AR may be presentin 5 to 20% of
the general population,’%1415 16 to 25% of dysplastic
hips,'617 31 to 49% of patients with Legg-Calvé-Perthes
disease (LCPD),'¢1819 and 36 to 76% of Slipped Capital
Femoral Epiphysis (SCFE).2%21 In dysplastic hips, it is pos-
sible to find unfused secondary ossification centres
named os acetabuli that usually increase the anterior ace-
tabular margin and the predisposition for anterior
overcoverage.?23

The clinical relevance of AR is explained by the biome-
chanical implications resulting from acetabular malorien-
tation and its association with OA. Two underlying
mechanisms are described: a poor posterior coverage and
an excessive anterior marginal proeminence.>1924.25> Addi-
tionally, anatomical modifications in the pelvic rotation
(retroversion of the hemipelvis) may be at the root of AR.26
In the normal hip, the highest region of contact and artic-
ular load in the acetabulum is located in the postero-
superior aspect.?’-28 The decreased area in the posterior
wall, either by dysplasia or poor orientation, modifies the
articular contact region, causing stress zones with subse-
quent early OA phenomena.'®'32° The degenerative
mechanisms resulting from anterior hyper-coverage are
the result of a combination of labral lesions and ‘contre-
coup lesions’ on the posterior wall.42530 The load distribu-
tion occurs at specific sites and the force exerted on the
acetabulum is not homogeneously distributed throughout
the articular surface.3! The clinical impact of these changes
increases when the patient stands up from a seated posi-
tion where a greater load is put on the posterior wall.31,32
The knowledge underlying these and other changes sup-
ports the development of appropriate diagnostic and ther-
apeutic algorithms for each specific situation.33:34

Clinical presentation and physical
examination

AR can be difficult to diagnose in the absence of predis-
posing conditions (i.e. dysplasia, SCFE) although it should
always be considered in the presence of a painful hip in
the young adult.’9.3> The peculiarities of its radiographic
identification and delay in the clinical-radiological correla-
tion are associated with a delayed diagnosis and ineffec-
tive therapeutic strategies.36

In the absence of a previous history of hip pathology,
clinical presentation of AR is suggestive of FAI by focal or
global hyper-coverage of the acetabulum.® The most fre-
quent symptom is mechanical hip pain with insidious evo-
lution and no trauma associated. Pain in the trochanteric
region with irradiation along the lateral region of the thigh
is frequent and may be confused with peri-trochanteric
syndrome. Pain in sitting position with relief in orthostatism
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suggests a posterior hypo-coverage.3” Secondary lesions of
the acetabular labrum and chondral surface may also be
the cause of pain.?® Pain and discomfort in the buttock,
thigh and lumbar region may be associated with it although
they are less frequent. Exercises that require mobilization to
the maximum articular range of motion can trigger and
aggravate the clinical compaints.3>

In the physical examination, the most frequent finding is
the internal rotation limitation during maximal flexion and
adduction in relation to the anatomical phenomenon of
anterior hyper-coverage (positive impingement sign).3°-41
The Drehmann sign could also be present, suggesting
anterior FAL2°42 Limitations in the hip range of motion
could be the first physical sign in the presence of early
degenerative changes.*?

Radiological evaluation

The identification of radiographic changes in the acetabu-
lar orientation (or version) should be included in the
standard assessment of hip pain in the young adult with
or without risk factors.#2 The clinical relevance of the radi-
ological signs and changes inherent to AR is still a theme
of discussion given the high incidence of these changes in
asymptomatic individuals.*3

In addition to the classic signs of hip OA, systematic
radiological examination should address the acetabular
cover and the anatomical relationship between the femo-
ral head and neck (Fig. 1a). The FAI radiographic evalua-
tion should cover standard measures that attempt to
objectify and grade possible changes found. The most fre-
quently used radiographic incidences are the antero-
posterior (AP), the Dunn and the cross-table views and the
Lequesne false profile. The vertical and horizontal lines are
drawn according to the pelvic anatomy and not the radio-
graphic edge (due to a possible tilt bias).

— Lateral centre-edge angle (Wiberg angle):
angle measured in the AP incidence formed by a
vertical line and a line connecting the femoral
head centre to the lateral edge of the acetabulum.
This angle quantifies the acetabular coverage sig-
nalling acetabular dysplasia (< 20°) or acetabular
hyper-coverage (> 30—40°) (Fig. 1b). 3244

— Acetabular index (Tonnis angle): angle meas-
ured in the AP incidence and formed between a
horizontal line and a line connecting the most
medial and inferior point of the acetabular scle-
rotic zone to the lateral margin of the acetabular
dome. Values greater than 13° suggest acetabular
dysplasia and values close or inferior to 0° imply
acetabular hyper-coverage (Fig. 1c).4°

— Alpha angle (Notzli angle): angle measured in
the AP or Dunn incidence and formed between the
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Fig. 1 (a) Radiographic evaluation of the young adult with hip pain starts with an overall evaluation of the classic pelvic antero-
posterior incidence; (b) Lateral centre-edge angle (Wiberg angle); (c) Acetabular index (Ténnis angle); (d) Alpha angle (Notzli angle);

(e) Anterior centre-edge angle (Lequesne angle).

femoral neck axis and a line connecting the femoral
head centre to the point where the head loses sphe-
ricity. Values greater than 50° define an abnormal
head—neck transition (cam deformity) that is associ-
ated with labral and chondral lesions in the maxi-
mum range of motion (Fig. 1d).4¢

— Anterior centre-edge angle (Lequesne
angle): angle measured in the false-profile view
and formed between a vertical line and a line con-
necting the femoral head centre to the most ante-
rior point of the acetabular margin. Values greater
than 20° suggest an excessive anterior coverage
and structural instability (Fig. 1e).147

The evaluation of the relationship between the acetabulum
anterior and posterior walls as well as their position in rela-
tion to the remaining pelvis could be affected by the radio-
graphicqualityandthepelvictiltduring theexamination.48-50
However, radiographic evaluation should be the first diag-
nostic tool and efforts may address a reliable examination.
Specific radiographic signs suggestive of AR consist of the
cross-over sign, the posterior wall sign and the ischial spine
sign present in the pelvic AP incidence (Fig. 2a).>!

— Cross-over sign: present when the anterior wall
of the acetabulum is more lateral than the posterior
wall in an AP pelvic radiograph of the pelvis.'3 Its
presence frequently occurs in the cranial half of the
overlapping acetabular walls. Identification of the
posterior wall is facilitated by its location near the
ischium and the anterior wall is usually more hori-
zontal (Fig. 2b). This signal is strongly affected by
the pelvic tilt and the ampoule inclination when
performing the radiography.?®:52 The sensitivity and
specificity of this signal varies between 70-90% and
50-90%, respectively.!3335% The AR index is an
objective value of the amount of cross-over between

both walls having revealed a strong association
(values greater than 20%) with the development of
early chondral lesions (Fig. 2c).4>49,55

— Posterior wall sign: present when the posterior
wall of the acetabulum is medial to the centre of the
femoral head.’%2%56 In the normal hip, the margin
of the acetabular posterior wall intersects the centre
of the femoral head.*? Its presence reveals an anom-
alous acetabular version even in the absence of
cross-over sign which is associated with an early
progression to osteoarthrosis (Fig. 2d).342

— Ischial spine sign: presence of the triangular
shape of the ischial spine medially to the pelvic
ridge. Its presence has a sensitivity and specificity
greater than 90% in the detection of AR and can be
explained by the external rotation of the hemipelvis
underlying AR.57°8 The sensitivity and specificity of
this signal is relatively independent of the pelvic ori-
entation, which makes it powerful in detecting
AR.38 The presence of this signal in association with
the cross-over signal is related to the progression of
degenerative changes (Fig. 2e).3

The factors affecting radiographic evaluation result in
an overall high sensitivity and low specificity in the diag-
nosis of AR.>* Computed tomography (CT) evaluation is
a more reliable method for assessing hip anomalies
(Fig. 3).%%:38 Three-dimensional reconstructions allow the
spatial and dynamic notion of acetabular and femoral
deformities, allowing clarification of the cause of symp-
toms.>-61 Comparative studies between the radiographic
signs and the tomographic quantification of AR highlight
CT as the ideal diagnosis and preoperative planning
method for AR.52-54 The physiological values of acetabular
version range between 12° and 20°, being measured in
the axial tomographic section in which the diameter of the
head is greater.2 However, acetabular version evaluation
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Fig. 2 (a) Specific radiographic signs suggestive of acetabular retroversion could be found in the classic pelvic antero-posterior
incidence; (b) Cross-over sign; (c) the acetabular retroversion index measurement; (d) Posterior wall sign; (e) Ischial spine sign.

Fig. 3 The computed tomography axial evaluation is the

most reliable method of assessing acetabular orientation. The
acetabular version is an angle measured in the axial plan formed
by a vertical line (perpendicular to the horizontal axis of the
pelvis) and a line connecting the most anterior and posterior
points of the acetabular margin.
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is challenging, even with CT, since a single axial plane is
not fully representative of the deformity as a whole.

The detailed evaluation of the hip involves the perfor-
mance of a magnetic resonance imaging (MRI) study in
order to characterize possible labral and chondral lesions
and plan a therapeutic strategy (Fig. 4).33 The main contri-
bution of preoperative MRl is to show the extent of lesions
resulting from anatomical changes previously docu-
mented with other imaging methods.?> This detailed anal-
ysis as well as the development of new MRI techniques
allows not only the documentation of intra-articular
sequelae but also the analysis of other variables involved
in the origin and progression of OA.¢3

Treatment

FAI treatment aims to correct anatomical changes in order
to relieve patients’ symptoms and to avoid associated early
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Fig. 4 The magnetic resonance imaging of the hip permits the diagnosis of labral (arrow) and chondral lesions (arrow head) and it is

used to plan a therapeutic strategy.

degenerative lesions.3® Preoperative planning of the
symptomatic hip requires detailed anatomical assessment
of the acetabulum.*

AR must be seen as a sub-entity with specific biome-
chanical repercussions in the treatment of FAI. Knowledge
about the mechanisms of injury may support the ideal
treatment for the retroverted acetabulum with or without
changes in femoral morphology. Conventionally, it is
well-stated that AR presupposes an anterior hyper-
coverage of the femoral metaphysis, supporting the trim-
ming of the anterior wall of the acetabulum in order to
relieve the mechanism of anterior pincer lesion.366 How-
ever, AR may exist without an increase in the anterior fem-
oral covering, and resection of the anterior wall as a form
of treatment in these cases may result in an imbalance of
the acetabular contact forces with potential for early
degenerative changes.>*

The surgical treatment of the FAI pincer type (with or
without AR) consists of acetabular rim trimming (ART)
(open orarthroscopic) or acetabular re-orientation through
a periacetabular osteotomy (PAO).56:6667 The anatomic
and morphological differences of the acetabulum in this
type of impingement may have prognostic implications in
a given treatment.8 The global anatomical changes of the
pelvis and their relationships with the myotendinous and
periarticular structures present in AR can influence the
underlying biomechanical description. Knowledge of
these correlations may play a role in future therapeutic
options in AR.17:26 The appropriate treatment for AR is still
controversial due to the difficulty in clarifying the mecha-
nisms underlying the precursor lesions of OA, although
both PAO and ART have shown good results at short-term
follow-up evaluation.36:69-73

To date, there are only two series that directly compare
two therapeutic options: PAO and ART (both with or with-
out femoral osteochondroplasty). Peters et al33 established
the therapeutic choice based on posterior acetabular cov-
erage and in the presence/absence of chondral lesions

(Fig. 5). Good results were verified at an average follow-
up of four years in both groups, confirming the need for
appropriate anatomical characterization and careful
patient selection for each type of treatment. More recently,
Zurmihle et al’# described the comparison between ART
(57 hips) and PAO (67 hips), with comparable results in
the five-year follow-up evaluation, but with a clear reduc-
tion in survival rate in the ART group at the 10-year follow-
up evaluation (23% ART vs. 79% PAO).

Periacetabular osteotomy

Modified pelvic rotation as well as decreased posterior
acetabular surface and consequent increase in posterior
contact stress support PAO osteotomy as the preferred
treatment for AR.22:33.58 The study performed by Step-
pacher et al using MRI arthrography revealed the absence
of an additional articular surface area and determined
acetabular malorientation as the dominant morphological
modification in AR.68 The ART may therefore result in a
decrease in joint surface area with consequent increase in
load stress on the remaining acetabular surface.”>76

Acetabular re-orientation through PAO was first
described in the treatment of acetabular dysplasia.”
Favourable results were described at 10-year follow-up in
patients younger than 40 years, with no significant limita-
tion of joint mobility and with incipient degenerative
changes.33¢ Siebenrock et al demonstrated a significant
functional improvement at 11-year follow-up in a group
of 29 patients undergoing acetabular re-orientation oste-
otomy.’8 In this study, eight patients (29%) showed pro-
gression of OA, signs of over and under correction and/or
requiring re-intervention. This survival rate was the same
as recently described by Zurmiihle et al.”*

PAO is a complex surgical technique traditionally asso-
ciated with a high rate of complications, especially in the
early stages of the surgical learning curve.”® In the multi-
centre study performed by Zaltz et al, a complication rate
of 5.9% (12 patients) was observed in 205 operated
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Femoroacetabular impingement
and radiographic Acetabular Retroversion
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Fig. 5 Adapted algorithm for treatment of femoroacetabular impingement due to acetabular retroversion conceived by Peters et al.33

Notes. MRI, magnetic resonance imaging; PAO, periacetabular osteotomy; ART, acetabular rim trimming; SDO, surgical dislocation and osteochondroplasty.

patients.8> Most complications requiring re-intervention
were related to structural failure of surgical fixation (five
patients) and infection (two patients). The same authors
confirm that, despite being dependent on a surgeon’s
experience, PAO is a safe procedure for correction of dys-
plastic hip alterations, including AR, with predictable
complications and without permanent dysfunction.

Acetabular rim trimming

The pathophysiological basis supporting ART is the ante-
rior acetabular hyper-coverage with consequent increase
of the articular surface typical of pincer deformity.’® This
procedure can be performed through an open approach
(with or without surgical hip dislocation: SDO) or with
arthroscopy.6672 This strategy is indicated in young non-
obese patients with no clinical signs of instability, radio-
graphic signs of dysplasia (Wiberg angle < 20%) and
significant signs of OA (Tonnis < 1).71.72 In the presence of
AR, isolated resection of the acetabular margin may be
indicated in cases of significant chondral damage since
acetabular re-orientation can relocate the axis load in a
zone of chondral injury.3® The finite element study of
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Henak et al reveals the absence of increased contact stress
resulting from AR depreciating the acetabular re-orientation
to normalize the joint contact pressures.3!

Open ART was classically conceived in the FAI group of
treatments in which could be included the surgical hip
dislocation described by Reinhold Ganz.6” Although not
specific to AR treatment, the first cohorts were described
in 2004 by Beck et al®' and Murphy et al®? with a surgical
survival rate (endpoint: hip arthroplasty) of 70-75% five
years after surgery. Further studies, also not specific to AR,
revealed better survival rates albeit with shorter follow-up
times.”076:83,84 |n 2015, Steppacher et al’2 described an
80% survival rate of ART through surgical hip dislocation
with a 10-year follow-up time in a group of 72 patients
(93 hips). To date this is the longest follow-up series pub-
lished. The same study found no differences between the
open and arthroscopic approaches. The same research
group, however, reveals that the acetabular anatomy has
a real impact on the surgical results of the FAI treatment:
at 10-year follow-up, almost 50% of the hips with protusio
acetabuli submitted to ART suffered a worsening of the
degenerative changes.8>
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Arthroscopic treatment allows an articular minimally
invasive access and an increased visualization of joint inju-
ries, being associated with good short and medium-term
results with a low complication rate.”’ However, these
clinical results are described in heterogeneous series
where acetabular anatomy is often not adequately charac-
terized and with short follow-up evaluations (< 5
years).66:69.86-89 The series published by Hartigan et al in
2016 is the only one where arthroscopic treatment was
performed to treat AR in isolation.”" In this study, in a
group of 82 hips of 78 patients, good results were verified
at a minimum follow-up of two years, without worsening
of the articular wearing process, with a complication rate
of 3.6% and only one patient requiring arthroplasty.”!

Conclusion

With this review, the authors aimed to highlight the impor-
tance of a correct recognition and knowledge of the mor-
pho-structural changes that may be present in the young
adult patient with hip pain. AR is a frequent condition
related to the development of OA in symptomatic patients.
Its exclusion is therefore essential in this group of patients.
The described conventional radiographic changes
revealed a high clinical relevance. However, given the var-
iable sensitivity and specificity described in previous stud-
ies, the CT scan is the most reliable method to diagnose
AR. ART and PAO are two surgical techniques with differ-
ent pathophysiological underlying philosophies and good
clinical results at short and medium-term follow-up evalu-
ations. In future, better knowledge about the pathophysi-
ology inherent to AR may play an important role in the
diagnosis and treatment of this condition.
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