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While hip arthroscopy grows in popularity, there are still many circumstances under which
open hip preservation is the most appropriately indicated. This article specifically reviews
open hip preservation procedures for a variety of hip conditions. Femoral acetabular
impingement may be corrected using an open surgical hip dislocation. Acetabular dys-
plasia may be corrected using a periacetabular osteotomy. Acetabular protrusio may
require surgical hip dislocation with rim trimming and a possible valgus intertrochanteric
osteotomy. Legg-Calve—Perthes disease produces complex deformities that may be
better served with osteotomies of the proximal femur and/or acetabulum. Chronic
slipped capital femoral epiphysis may also benefit from a surgical hip dislocation and/or
proximal femoral osteotomy.

Keywords: hip preservation, open hip, periacetabular osteotomy, femoroacetabular impingement, dysplasia,
Perthes, SCFE

INTRODUCTION

There are many hip pathomorphologies that cannot be addressed arthroscopically. Developmental
or acquired deformities of the acetabulum (acetabular dysplasia, protrusio, or retroversion), femur
(varus/valgus, torsion, or version), and femoral head or head-neck junction [Legg—Calve—Perthes
disease (LCPD), chronic slipped capital femoral epiphysis, MED, MHE] may be more effectively
treated with open hip preservation techniques. The present review article summarizes each of these
pathomorphologic conditions and the clinical outcomes of techniques used to treat them.

FEMOROACETABULAR IMPINGEMENT

Ganz and colleagues (1) were the first to describe the concept of femoroacetabular impingement
(FAI). It is a pathologic process by which an intracapsular collision occurs between the femoral
head-neck junction and the acetabular rim. Repetitive collision leads to labral injury, chondrolabral
detachment, and degeneration (1-6). Two pathomorphologic categories are described: cam deform-
ity of the proximal femur and pincer deformity of the acetabulum (1). Most often, these pathomor-
phologies coexist.

Labral and articular damage resulting from FAT is a source of pain and abnormal (dynamic) load-
ing of the hip. Chondral flaps, labral tears, and loose bodies may produce locking and/or catching
symptoms and labral tears theoretically disrupt the chondrolabral suction seal that provides constant
fluid film lubrication to the joint (7). Patients complain of hip pain with flexion-based activities, such
as sitting, squatting, stair climbing, and athletics. Most often pain is localized to the groin but may
also be deep within the lateral, anterior, and posterior aspects of the hip, referred to as the “C-sign”
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Impingement symptoms are most commonly reproduced with
the “FADIR” maneuver: hip flexion to 90°, adduction, and internal
rotation (8). Radiographic evaluation begins with various measure-
ments on two-dimensional X-rays. The lateral center-edge angle
of Wiberg and Tonnis angle are used to characterize acetabular
morphology, while the a-angle and head-neck offset are used to
characterize the femoral head-neck junction. A crossover sign
showing the posterior acetabular rim crossing medial to the ante-
rior rim, a prominent ischial spine sign showing intrusion of the
ischial spine into the true pelvis, and a posterior wall sign showing
the posterior rim passing medial to the center of the femoral head
all may indicate global or focal acetabular retroversion (9).

Surgical hip dislocation has traditionally been the gold
standard for treating FAI. Ganz et al. (10) was first to describe the
currently accepted surgical technique. With the patient in a lateral
decubitus position, the surgeon initiates the approach using either
a Kocher-Langenbeck (KL) type or straight lateral incision. The
fascial interval is developed by splitting the gluteus maximus (KL)
or the Gibson interval, which spares the anterior half of the gluteus
maximus (11). The anterior capsule is then accessed by a trigas-
tric trochanteric osteotomy. The osteotomy can be performed
with a step cut, which provides for greater stability and earlier
progression of weight bearing (12). As the greater trochanter is
osteotomized, the obturator externus muscle remains attached to
the intact femur, protecting the deep branch of the MFCA, which
is the primary blood supply to the femoral head (10, 12). An ante-
rior Z-shaped capsulotomy followed by a transection of the round
ligament facilitates an atraumatic anterior hip dislocation. Laser
Doppler flowmetry has confirmed that perfusion to the femoral
head is maintained after a trochanteric osteotomy and dislocation
(12). The surgeon is left with a 360° view of both the acetabulum
and the femur to perform osteochondroplasty and labral repair,
debridement, or reconstruction. At the end of the procedure,
the trochanter is reapproximated and stabilized with screws (see
Figure 1). After surgery, patients must follow toe-touch weight-
bearing restrictions for 4-8 weeks to allow for osteotomy healing.

Extensive literature has shown good to excellent outcomes fol-
lowing surgical hip dislocation for FAI. At an average of 4.7 years,
Beck et al. (2) reported good to excellent Merle d’Aubigne hip
scores in 13 of 19 patients who underwent surgical hip disloca-
tion for FAL Similarly, Kempthorne et al. (13) showed significant
improvements in 53 patients Western Ontario and McMaster
University Osteoarthritis Index (WOMAC) scores at 4-year
follow-up. These promising outcomes also extend to the athletic
population. In a case series of five professional ice hockey players,
Bizzini et al. (14) successfully returned all players to full competi-
tion at an average of 9.6 months. Naal et al. (15) conducted a
larger series of 22 mixed professional athletes and reported a 96%
rate of return to competition. At a mean follow-up of 3.8 years,
82% of subjects were still satisfied with their hip surgery.

While the underlying FAI pathology is often successfully
treated with open surgical dislocation, complications following
this procedure are common with an overall complication rate
reported around 6% (16). The most common complication is
trochanteric bursitis secondary to prominent hardware at the
osteotomy site (26%), followed by greater trochanter non-union
(3-20%) and heterotopic ossification (3%) (17-20).

FIGURE 1 | A postoperative radiograph of a surgical hip dislocation
secured with screws.

ACETABULAR DYSPLASIA

Hip dysplasia usually starts during early childhood but may not
manifest symptomatically until adolescence or young adulthood.
An abnormally shallow, smaller acetabulum creates dysfunctional
hip mechanics, labral shearing, and cartilage edge loading (21,
22). These pathologic alterations of the joint ultimately lead to
early degeneration (23). Stulberg and Harris classically reported
that 48% of patients with early degenerative hip arthritis had
dysplastic features noted on radiographs (22). Patients most often
complain of moderate-to-severe pain located in their groin, which
occurs during daily activities. They will present with an antalgic
limp, a positive impingement sign, and a positive Trendelenburg
sign (24). Radiographically, the lateral center-edge angle of
Wiberg is measured on an anteroposterior (AP) view, and the
anterior center-edge angle is measured on a false profile view (9).
An abduction-internal rotation AP view helps neutralize femoral
anteversion, thus simulating the acetabular coverage that would
be achieved by a proximal varus femoral osteotomy or a reorien-
tation of the acetabulum (22).

Numerous pelvic osteotomies have been designed to treat hip
dysplasia. The primary goal of an osteotomy for dysplasia is to
correct the deficiency in acetabular coverage. Reshaping osteoto-
mies include the Pemberton and Dega techniques, which utilize
incomplete cuts of the ilium to hinge off the triradiate cartilage.
These osteotomies are reserved for skeletally immature individu-
als (22). Reconstructive osteotomies may be performed in patients
with closed physes and utilize complete cuts of the pelvis in order
to redirect joint loading forces. LeCouer first described the triple
osteotomy in 1965 (22). This osteotomy requires two incisions to
make individual cuts through the pubis, ischium, and ilium. The
more commonly used technique today in adolescent and adult
patients is the Bernese periacetabular osteotomy (PAO) (25). First
described by Ganz, this procedure may be done through a single
Smith-Peterson approach. It reorients the joint through four to
five cuts done closer to the acetabulum than in the traditional
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triple osteotomy. These cuts maintain stability within the pelvis by
not disrupting the posterior column. The osteotomy site is typi-
cally secured with screws (see Figure 2). Patients remain partial
weight bearing with crutches for 6 weeks postoperatively (26).

Ganzetal. reported improvementin clinical outcomesand justone
non-union in their original case series of 75 PAOs (25). Steppacher
and colleagues rereviewed these 75 PAOs at 20-year follow-up. They
found a 60.5% survivorship at 20 years with age and preoperative
osteoarthritis grade being risk factors for failure (27). Matheney
et al. (28) reviewed 135 PAOs after an average of 9-year follow-up.
They reported 76% survival (defined as pain score under 10 and no
conversion to arthroplasty). A recent systematic review revealed that
a majority of the studies on PAO show significant improvements
in radiographic parameters as well as clinical outcomes. The mean
increase in anterior and lateral center-edge angles has ranged from
16 to 51° and 20 to 45°, respectively, and mean improvements in
Harris Hip Scores have ranged from 14 to 33 points (29).

Major complications are common after PAO and occur in
3-37% of cases (28-30). The most common complications
include heterotopic ossification, wound hematomas, transient
neuropraxias (femoral and sciatic), inadvertent intra-articular
extension, loss of fixation, and malreduction (17, 30). Non-union
rates have been as high as 24% (31), and another 12-28% of
patients require a reoperation due to symptomatic hardware (29).
Surgeons must also be careful to avoid overcorrection, which
could cause iatrogenic impingement.

Acetabular retroversion is an uncommon form of dysplasia
that results in relative undercoverage of the posterior superior
aspect of the femoral head. When the hip is flexed and adducted,
the femoral head abuts the anterior wall, which causes pain and
possibly induces posterior instability. The diagnosis is confirmed
using the parameters described above (crossover sign, prominent
ischial spine sign, and posterior wall sign), assessed on an AP
pelvis radiograph. In cases of delayed presentation, the radio-
graphs may also reveal fragmentation of the prominent anterior
acetabular rim or an os acetabuli (21, 29).

FIGURE 2 | A postoperative radiograph of a periacetabular osteotomy
secured with screws.

The primary surgical option to correct acetabular dysplasia
with retroversion is a reverse PAO. The osteotomy is performed
the same as a Bernese PAO, utilizing a Smith-Peterson approach
and 4-5 bone cuts (32). The free acetabular fragment is flexed
and internally rotated before screws are used to secure it in place.

Siebenrock et al. (32) showed good to excellent results in 26
of 29 reverse PAOs with an average follow-up of 30 months. The
average Merle dAubigne score improved from 14.0 to 16.9 and
the crossover sign was eliminated in all except four patients.
They revisited their cohort at 10 years and found that no patients
were converted to total hip arthroplasty (THA) and there was no
significant change in Tonnis osteoarthritis grades. Predictors for
a poor outcome included not treating concomitant cam deform-
ity and overcorrection of the acetabular version (33). Similarly,
Peters et al. (26) showed a statistically significant improvement
in Harris Hip Scores from 54 to 86 at 1-year follow-up and con-
firmed correction of radiographic retroversion in 96% of patients
(31). These authors later developed an algorithmic approach
in which they emphasized the importance of evaluating for a
cartilaginous injury. Retroverted acetabuli without concomitant
cartilaginous damage can be safely treated with a PAO; however,
if magnetic resonance arthrography (MRA) confirms an injury
to the articular cartilage, the authors recommend a surgical hip
dislocation and acetabular rim debridement to avoid rotating
diseased cartilage to a weight-bearing portion of the joint (34).

PROTRUSIO ACETABULI

Protrusio acetabuli is defined as a socket global overcoverage sec-
ondary to a relative medialization of the acetabulum. Protrusio is
commonly found in patients with Marfan syndrome and inflam-
matory conditions like rheumatoid arthritis, but is most often
considered to be idiopathic. If a cause is identified, attempted
treatment of the underlying condition should precede any surgi-
cal intervention (35). A patient typically presents with groin pain
and stiffness with daily activities. On an AP radiograph of the
pelvis, the acetabular fossa and femoral head project medial to the
ilioischial line (36). The decision to move forward with surgery
depends on the patient’s age and amount of hip degeneration.
Surgical options for patients without advanced protrusio include
triradiate cartilage closure in skeletally immature patients and
a valgus intertrochanteric osteotomy (VITO) with or without a
global rim trimming in skeletally mature patients (35, 37, 38).

Steel (39) followed 19 skeletally immature patients who had
undergone triradiate cartilage fusion for protrusio acetabuli.
An anterior approach was used, followed by elevation of the
obturator internus and exposure of the quadrilateral surface and
triradiate cartilage. After triradiate closure, 12 of the 19 hips were
radiographically graded as normal, four were downgraded to
an “acetabular deepening;” and three showed no improvement.
The only postoperative complication was transient femoral nerve
palsy in one patient.

Surgical hip dislocation and/or a VITO are indicated for
skeletally mature patients with protrusio acetabuli. A surgical hip
dislocation facilitates labral repair or reconstruction and acetabu-
lar rim resection to reduce its depth (37). Some cases also require
a femoral osteoplasty and relative femoral neck lengthening via
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a trochanteric advancement (40). A VITO procedure lateralizes
the femur to restore normal mechanical alignment of the hip and
facilitates femoroacetabular clearance. This procedure is espe-
cially indicated for patients with concomitant coxa vara, defined
as a femoral neck-shaft angle <110°. With the patient-positioned
supine, a direct lateral approach to the femur is used by splitting
the vastus lateralis. A closing wedge of bone is removed and the
lateral cortex of the proximal fragment is impacted into the distal
fragment. The fragments are usually held together in this position
using a blade plate. Toe-touch weight-bearing restrictions are
enforced for the first 6 weeks after surgery (35, 41).

Results of a VITO procedure have been mixed. Rosemeyer
et al. (41) reported good to excellent results in 21 of 25 hips at
6-year follow-up, while Hooper and Jones (38) reported fair to
poor results in seven of nine patients at 2- to 7-year follow-up.
In a more recent study, McBride et al. (35) presented 12 patients
who underwent a VITO for 19 hips. While 83% of patients were
satisfied with their decision to have surgery, eight of 19 hips
(42%) were revised to THA between 10 months and 15 years after
the index VITO. The authors stressed that osteotomy may not
necessarily be the definitive treatment for protrusio patients but
rather that it may delay the need for THA. They recommended
that the procedure not be performed in individuals older than
40 years or who have significant arthritis. In this patient popula-
tion, THA outcomes have been favorable as long as the acetabular
component is lateralized with bone graft so that it aligns with the
anatomic center (36, 42-44).

PERTHES-LIKE DISEASES

Legg-Calve-Perthes disease is an idiopathic osteonecrosis of
the capital femoral epiphysis in children. It most often affects
children between 4 and 8 years old, boys far more commonly
than girls. The residual deformity of LCPD after skeletal maturity
leads to abnormal hip mechanics and may produce pain. Over
50% of patients develop symptomatic degenerative joint disease
by the sixth decade of life (45). Deformity typically presents as
a high-riding greater trochanter, a short femoral neck, and a
misshapened/enlarged femoral head with variable acetabular
dysplasia, retroversion, and joint incongruity (46, 47).

Surgical intervention should be reserved for symptomatic
patients. Typical surgical treatment includes open hip dislocation
with osteoplasty of the affected femoral head and labral repair. The
remainder of the correction is tailored to the specific deformity
present. In the setting of femoral retroversion, a proximal femur
valgus derotational osteotomy procedure may be of benefit; if
acetabular dysplasia is present, a PAO may be of benefit if instability
exists following femoral surgery; and, in the setting of acetabular
malrotation, an acetabular rim trimming may be of benefit (46, 47).
Extra-articular impingement and abductor weakness may result
from a high-riding greater trochanter. This can be corrected by
advancing the trochanter distally and laterally, which (relatively)
lengthens the femoral neck and increases the lever arm of the hip
abductors (48). In addition, in LCPD patients with a shortened
femoral head, the lesser trochanter may impinge on the ischium
and posterior acetabulum. As with the greater trochanter, the
lesser trochanter can also be advanced distally to allow clearance

over the pelvis (48). Clohisy et al. (49) reported on their experience
with surgical hip dislocation, femoral osteochondroplasty and
PAO for Perthes-like conditions with acetabular dysplasia. Out
of 16 patients with a minimum of 24-month follow-up, only two
reported a modified Harris Hip Score (mHHS) <70 (considered a
failure) with a median score of 92. They concluded that this proce-
dure was both safe and effective for these less common deformities.

For LCPD patients with an abnormally widened head pre-
venting a concentric joint, a femoral head reduction osteotomy
may be performed (40). This is done through the same posterior
approach and trochanteric flip osteotomy as described for a
surgical hip dislocation. However, in order to visualize the inter-
trochanteric region, Ganz et al. have recommended an extended
retinacular flap (50). The flap is created by subperiosteally dis-
secting the external rotators, MFCA, and superior retinacular
vessels and reflecting them posteriorly until the base of the
lesser trochanter is visible. Once adequate exposure is attained,
a femoral head reduction osteotomy is performed with the goal
of matching the superior femoral head’s contour with that of the
inferior head. A trapezoidal segment of bone is removed from
the superior head-neck junction with osteotomes in the sagittal
plane (40). If the acetabulum does not fit properly over the recon-
structed femoral head, it is advised to perform a PAO as well. All
patients must remain toe-touch weight-bearing for 6-8 weeks
(40). In a case series of 14 femoral head reduction osteotomies,
Leunig and Ganz found that concomitant acetabular correction
was needed in 13 of 14 patients but that no patients developed
osteonecrosis after a minimum 3-year follow-up (40). All oste-
otomies had healed within 8 weeks. Complications are similar
to the aforementioned osteotomies, including pseudoarthrosis,
painful hardware, superficial infection, and reoperation.

SLIPPED CAPITAL FEMORAL EPIPHYSIS

Slipped capital femoral epiphysis (SCFE) affects adolescent males
at a 2:1 ratio compared to females. It is typically unilateral and
more common in overweight African-American children. Failure
at the hypertrophic zone of the capital physis allows the femoral
neck to displace anteriorly and superiorly relative to the femoral
epiphysis. Once diagnosed, in situ pinning is recommended to
stop further slip progression and osteonecrosis. Nevertheless,
even after fixation, the hip may remodel into an abnormal
femoral head-neck junction causing impingement (51). Some
authors have theorized that subclinical SCFE may be a cause of
idiopathic FAI, but recent evidence has shown that classic cam
deformities have a significantly different physeal tilt angle than
SCFE deformities (52).

Surgical treatment for chronic SCFE depends on the sever-
ity of the deformity. A small slip angle can be treated with an
arthroscopic femoral osteoplasty, but larger slips may require
open techniques (53). Surgical hip dislocation with osteoplasty,
femoral neck osteotomies, or intertrochanteric osteotomies
can be employed. The intertrochanteric osteotomy as originally
described by Imhauser in 1957 alters the lateral head-shaft angle
to prevent impingement (51). After using a standard lateral
approach to the femur, a wedge of bone is removed from the
intertrochanteric region to create flexion, abduction, and internal
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rotation of the distal fragment. A blade plate is used to fix the
osteotomy in place. After surgery, the hip is immobilized in flex-
ion, abduction, and internal rotation for 8-12 weeks. Progressive
weight bearing is usually allowed immediately after surgery (54).

Spencer et al. (55) demonstrated efficacy using both surgical
methods for treating chronic SCFE deformities. Eleven of 13
patients who underwent surgical dislocation and osteoplasty alone
either improved or were unchanged after a mean of 12 months,
while five of six patients who had a combined osteoplasty and
intertrochanteric osteotomy improved. All trochanteric oste-
otomies healed. Similarly, Rebello et al. (56) showed significant
WOMAC improvements in 29 chronic SCFE deformities that
underwent femoral osteoplasty and intertrochanteric osteotomy.
Positive results continue over the long term as well. Kartenbender
etal. (54) followed a cohort of 35 patients (39 hips) for an average
of 23.4 years after intertrochanteric osteotomy. Nine hips had no
pain and 22 hips had only slight pain with exercise, as 77% of
patients were rated as good to excellent clinically (54). Schai et al.
(57) reported the radiographic findings of 51 patients at an average
of 24 years after osteotomy, showing that 55% had no degenera-
tion, 28% had moderate degeneration, and 17% had severe osteo-
arthritis. Complication rates after the Imhauser intertrochanteric
osteotomy have been as high as 48%. Acute joint space narrowing
with a loss of motion may be seen in 29% of patients with a 5%
loss of reduction and 10% delayed union rate (58).
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