
REVIEW

Current Reviews in Musculoskeletal Medicine (2024) 17:538–547
https://doi.org/10.1007/s12178-024-09928-5

hip joint and can lead to secondary articular cartilage and 
labral damage [3]. Among patients with only mild degen-
erative changes, those with hip dysplasia have a higher risk 
of progression of degeneration and higher rates of total 
hip arthroplasty at both 10 and 20 years when compared 
to patients with isolated femoroacetabular impingement or 
normal hip morphology [4]. The prevalence of hip dysplasia 
in asymptomatic patients has been reported in the literature 
anywhere from 3.6 to 12.8% depending on the radiographic 
indexes used [5, 6]. The prevalence of hip dysplasia in those 
presenting with hip pain has been reported as 8.4% and 
the overall age- and sex-adjusted annual incidence of hip 
dysplasia diagnosis has been reported as high as 12.7 per 
100,000 person-years [5]. Because hip dysplasia is a com-
mon source of hip pain and is present in 20–40% of patients 
with hip osteoarthritis [1–3, 5], diagnosing and interven-
ing on these patients early to prevent the development of 
osteoarthritis is an emerging area of research. As a growing 
body of evidence supports that intervention may result in 

Introduction

Hip dysplasia remains a growing interest in orthopedics and 
is now recognized as a common cause of hip pain and dys-
function as well as precursor to the development of osteoar-
thritis [1–3]. Hip dysplasia is defined by an acetabulum that 
is deficient in shape and orientation with decreased depth. 
This deficiency leads to poor coverage of the femoral head, 
relative lateralization of the hip center of rotation and a 
smaller contact area between the femoral head and dysplas-
tic acetabulum. In the setting of acetabular hip dysplasia, an 
asymmetric concentration of force is distributed across the 
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Abstract
Purpose of Review  As the field of hip preservation evolves, the diagnosis of borderline dysplasia (defined as a lateral cen-
ter edge angle between 18°-25°) has shown itself to be one of the more challenging diagnoses to treat. As the nuances of 
acetabular coverage have come to light, the question of whether borderline hip dysplasia is best treated with isolated hip 
arthroscopy, periacetabular osteotomy, or whether a combined procedure is best, is now top of mind. The goal of these proce-
dures is to not only improve patient symptoms, but to correct underlying pathology and ideally slow the development of hip 
osteoarthritis. The purpose of this review is to summarize the recent literature and clinical findings regarding both isolated 
hip arthroscopy and periacetabular osteotomy in the surgical management of borderline hip dysplasia.
Recent Findings  Current research demonstrates improved postoperative clinical outcome scores for both patients who had 
isolated hip arthroscopy in the setting of borderline hip dysplasia and for those patients who underwent periacetabular oste-
otomy. Mid-term outcomes for patients in both groups have showed low rates of conversion to total hip arthroplasty.
Summary  No gold standard in the surgical management of borderline hip arthroscopy exists. Improved clinical outcomes 
have been seen postoperatively in patients who undergo hip arthroscopy and in patients who undergo periacetabular oste-
otomy. Successful clinical outcomes seem to rely on treatment of the underlying clinical pathology and are largely based on 
the appropriate surgical indications and appropriate surgical techniques. Surgical decision making in this patient population 
should be individualized based on a comprehensive evaluation of the patient.
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hip preservation, the expansion of the field of hip preserva-
tion has mirrored our increased understanding, interest and 
ability to treat this patient population.

The current standard definition of hip dysplasia is based 
on the radiographic lateral center edge angle (LCEA). Those 
with a LCEA < 25° are defined as abnormal and those with 
an LCEA > 25° are defined as normal (Fig 1) [7, 8]. The term 
“borderline hip dysplasia” was first described by Wiberg in 
1939, and typically refers to a LCEA that is between 18°-
25°, though some publications describe it as an LCEA 
between 20°-25° [9]. For the purpose of this review, we will 
define borderline hip dysplasia as an LCEA of 18°-25° [10]. 
The LCEA has been shown to be a reliable radiographic 
parameter and is the most commonly used measurement 

within orthopedics [11]. The surgical management for those 
hips defined as dysplastic (LCEA < 18°) is a periacetabu-
lar osteotomy. In this population, arthroscopy alone in the 
setting of frank hip dysplasia is not recommended, as the 
chondral and labral pathology in this setting is a sequelae of 
the underlying abnormal bony morphology [12, 13]. Addi-
tionally, isolated arthroscopy with acetabular rim resection 
for pincer-type impingement in the setting of hip dyspla-
sia can result in iatrogenic instability of the hip and further 
chondral and labral degeneration [14]. Violation of the hip 
capsule during hip arthroscopy can further destabilize the 
dysplastic hip. Periacetabular osteotomy in the setting of hip 
dysplasia (LCEA < 18°) has been shown to have high sur-
vival rates and patient satisfaction outcomes and therefore 

Fig. 1  Preoperative Lateral 
Center-Edge Angle of Wiberg 
Measurements. Legend: The Lat-
eral Center-Edge Angle (LCEA) 
measured on the right and left 
hip on a standing anteroposterior 
pelvis radiograph. A perfect circle 
is drawn around the femoral 
head, and a Cobb angle is drawn 
creating a 90° angle between a 
line drawn across the ischium and 
a line drawn into the center of the 
femoral head (a). Then an angle 
is created between the vertical 
line in the center of the femoral 
head the lateral edge of the sour-
cil. Care must be taken to draw 
the line to the lateral most aspect 
of the sourcil to not include any 
upturn of the sourcil (b)
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is the surgical treatment of choice in this patient popula-
tion [12–14]. In hips with adequate acetabular coverage 
(LCEA > 25°) that have been identified as having intra-artic-
ular pathology or femoroacetabular impingement (FAI), the 
surgical treatment often consists of isolated hip arthroscopy 
to address any intra-articular pathology (chondral damage, 
labral pathology) with concomitant osteoplasty if indicated. 
In this setting, isolated hip arthroscopy has been shown to 
have excellent clinical outcomes [15–17]. However, a surgi-
cal indications “gray area” exists when acetabular coverage 
is not “normal” (LCEA < 25°) but is not “bad enough” to be 
called frank hip dysplasia (LCEA < 18°). Currently, no stan-
dard protocol exists for treatment of borderline hip dyspla-
sia (LCEA between 18°-25°) and the surgical management 
of these patients remains quite varied.

The primary objective of this paper is to review and 
summarize current literature regarding the surgical treat-
ment options of borderline hip dysplasia and their respec-
tive postoperative outcomes. Understanding these options 
can help orthopedic surgeons make informed decisions best 
tailored to the individual patient in the management of bor-
derline hip dysplasia.

Isolated Hip Arthroscopy in Borderline 
Dysplasia

Hip arthroscopy is a growing area of interest in orthope-
dic sports medicine. The number of hip arthroscopies per-
formed each year has exponentially increased over the past 
20 years [5]. The incidence of hip arthroscopy in patients 
with FAI and labral pathology has been noted to increase as 
much as 85% between 2011 and 2018 [18]. In the absence 
of hip dysplasia, hip arthroscopy has been shown to have 
excellent outcomes in the setting of FAI or intra-articular 
pathology [16, 17, 19]. However, the role of hip arthroscopy 
alone in the setting of borderline hip dysplasia, as defined 
by the LCEA between 18°-25°, is still being evaluated. Mul-
tiple prior studies have attempted to clarify the outcomes of 
this patient population and more recent studies have begun 
to show favorable results.

Recent case series have shown improved short term and 
midterm clinical and patient reported outcomes measures 
(PROMs) when comparing preoperative and postoperative 
scores for those patients undergoing hip arthroscopy in the 
setting of borderline hip dysplasia. Yang et al. reviewed 
the general outcomes of hip arthroscopy in the borderline 
hip dysplasia (LCEA 20°-25°) population with 83.1% of 
patients meeting the calculated minimal clinical important 
difference (MCID) threshold for all patient reported out-
comes and 57.1% meeting the threshold for Patient Accept-
able Symptomatic State (PASS) at a minimum of 2 years 

follow up [20]. Additionally they found that higher preop-
erative alpha angle was strongly associated with improved 
patient reported outcomes [20], suggesting that CAM-type 
impingement may have been the predominant generator of 
the pathomechanics in this population. Patients with a preop-
erative Tönnis angle of > 15° were not included in an attempt 
to exclude concomitant hip instability. Important to note in 
this study, all hip arthroscopies were performed by a single 
senior author utilizing an interportal capsulotomy through 
which labral and chondrolabral pathology was addressed 
including labral repair via suture anchors or labral recon-
struction. All patients also underwent femoroplasty and any 
additional extraarticular pathologies were addressed, includ-
ing ischiofemoral impingement and subspine impingement 
if applicable. Lastly, it is important to note that the capsu-
lotomy in this study was closed with interrupted sutures 
in all patients [19]. A case series by Domb et al. included 
patients with borderline hip dysplasia (LCEA 18°-25°), 
intra-articular hip pathology and minimum 5 year follow 
up who underwent hip arthroscopy with labral preserva-
tion (repair vs. debridement) and capsular plication [21]. In 
this study all patients underwent capsulotomy, labral repair 
vs. debridement, and any additional necessary procedures 
in the central compartment including femoroplasty if CAM 
deformity was present. All patients then underwent cap-
sular plication and closure. Importantly, all surgeries were 
performed by a single, high-volume hip arthroscopy sur-
geon. They found that the mean Modified Harris Hip Score 
(mHHS), Non-Arthritic Hip Score (NAHS), Hip Outcome 
Score Sport-Specific Subscale (HOS-SSS) and the visual 
analog scale (VAS) score for pain all significantly improved 
postoperatively when compared to preoperatively. They did 
however note that 19% of their patients (n = 4) underwent a 
secondary arthroscopic procedure [21]. Notably, the limita-
tions of this study design include the lack of control group 
to which these results can be compared.

When comparing the outcomes between the borderline 
hip dysplasia population and those with normal hip mor-
phology, favorable results of hip arthroscopy alone have 
also been shown in recent studies. A study by Cvetanovich 
et al. published in 2017 retrospectively reviewed PROMs 
in the femoroacetabular impingement (FAI) population in 
those with borderline dysplastic hips (LCEA 18°-25°) and 
normal hip morphology (LCEA 25.1°-40°) who underwent 
isolated hip arthroscopy [22]. All patients had negative insta-
bility tests on clinical exam. These patients underwent hip 
arthroscopy, capsule closure, labral repair (> 90% of both 
groups), as well as bony work including femoroplasty and 
acetabuloplasty as indicated [22]. They found no significant 
difference in groups in final PROM scores, score improve-
ments (postoperative-preoperative scores), or percentage of 
patients experiencing clinically significant improvements 
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in this review. Additionally, it should be emphasized that 
the hip arthroscopy surgeries in the above studies were per-
formed by high volume, experienced hip arthroscopists. 
This should be considered by readers when evaluating the 
outcomes data, as hip arthroscopy is known to be a techni-
cally challenging procedure with a steep learning curve so 
the published results may not be generalizable to the gen-
eral orthopedic population. Despite the recent favorable out-
comes regarding the role of isolated hip arthroscopy in the 
borderline dysplastic hip population, there is limited data 
regarding long term outcomes.

Periacetabular Osteotomy in Borderline 
Dysplasia

Periacetabular osteotomy (PAO) can be performed with or 
without hip arthroscopy for the treatment of symptomatic 
hip dysplasia in skeletally mature patients with intact articu-
lar cartilage [25–28]. The current widely utilized PAO was 
first described by Dr. Reinhold Ganz in 1988. Since then, 
PAO has evolved and has demonstrated durable outcomes in 
patients with hip dysplasia (Fig. 2). Clinical outcomes fol-
lowing PAO have been increasingly reported, particularly 
within the United States and Europe [29]. Long-term data 
survivorship has been reported as high as 92% at 15 years 
and there is optimism for further improvement in outcomes 
as advancements in surgical techniques are developed and 
indications for PAO are refined [14, 30]. Early studies with 
long-term follow-up have been reported on patients with 
LCEA angles typically below 20°-25° degrees, leaving a 
paucity of data for those who have borderline hip dyspla-
sia (with LCEA angles between 18°-25° degrees) and are 
at-risk for future arthritis or who have failed hip arthros-
copy [31–37]. Therefore, there has been increased exami-
nation of the role for PAO within borderline hip dysplasia 
populations.

Preoperative Assessment

The indication for PAO involves a thorough clinical and 
radiographic assessment to assess whether the patient’s 
symptoms are driven by structural instability or FAI and 
microinstability as pinpointing the driving etiology of a 
patient’s symptoms is of utmost importance when deter-
mining the appropriate surgical management. Addition-
ally, paramount to any surgical decision making involves 
the patient’s goals of care and an appropriate trial of 
conservative management including physical therapy, 
activity modification, and others. On clinical exam, insta-
bility can be assessed by several maneuvers including hip 
abduction-hyperextension-external rotation (AB-HEER), 

at minimum 2 year follow-up (mean 2.6 ± 0.6 years). There 
was no difference in the percentage of patients in each 
group meeting the MCID and PASS criteria. Additionally, 
both groups demonstrated significant improvements in all 
PROM scores (minimum 2 year follow up, at an average of 
2.6 ± 0.6 years follow-up). They did not find differences in 
the rates of subsequent surgery between the normal cover-
age and borderline dysplastic groups as only one patient in 
the borderline dysplastic group underwent a second surgery 
in their follow up window (revision hip arthroscopy) [22]. 
Furthermore, Matsuda et al. compared the preoperative and 
postoperative International Hip Outcome Tool (iHOT-12) 
scores between patients who underwent hip arthroscopy 
in the setting of low (borderline dysplasia), normal and 
high (global pincer FAI) lateral acetabular coverage [23]. 
These patients were classified into three groups postopera-
tive based on preoperative LCEA (borderline < 25°, normal 
25.1°-38.9° and pincer > 39°). They found a significant 
improvement in preoperative and postoperative iHOT-12 
scores in all three groups. The only statistical difference 
between groups was lower prevalence of acetabuloplasty in 
the borderline dysplasia group. They did not find a signifi-
cant effect on acetabular coverage on the incidence of revi-
sion arthroscopy or conversion to total hip arthroplasty [23]. 
Lastly, Beck et al. described midterm outcomes (minimum 5 
year follow up) of hip arthroscopy for FAI between patients 
with borderline hip dysplasia (LCEA 20°-25°) and normal 
acetabular coverage (LCEA 25°-40°) [24]. Both groups had 
statistically significant increases in PROM scores over the 
5 year period; although, there was no significant difference 
between groups. There was no statistical difference in the 
frequency in which patients in either group achieved PASS 
or MCID. All patients in this cohort underwent capsular clo-
sure as part of their arthroscopic surgery. In the borderline 
hip dysplasia group, female sex, higher LCEA, being physi-
cally active and running for exercise were preoperative pre-
dictors of achieving clinical success at 5 years [24].

In all recent studies noted above, capsular closure in 
the form of repair or plication was performed. Given the 
above studies have found positive clinical results follow-
ing hip arthroscopy in the borderline dysplastic patient, the 
importance of capsular closure can be inferred and should 
not be overlooked. In addition, only two of the above stud-
ies accounted for additional preoperative clinical or radio-
graphic signs of hip instability, including the Tönnis angle, 
femoro-epiphyseal acetabular roof (FEAR) index, Beighton 
score, or clinical exam findings of instability. Hip instabil-
ity in the setting of borderline hip dysplasia is a potential 
confounding factor which cannot be addressed with hip 
arthroscopy alone, therefore this is an important factor to 
keep in mind when critically evaluating these studies. Fur-
ther evaluation of hip instability will be addressed later on 

1 3

541



Current Reviews in Musculoskeletal Medicine (2024) 17:538–547

Clinical Outcomes Following Periacetabular 
Osteotomy

Current data regarding PAO outcomes in those with border-
line hip dysplasia show promising short and mid-term clini-
cal benefit. McClincy et al., in 2019, reported on 39 patients 
who underwent PAO for patients with a LCEA between 
18°-25° degrees with symptoms associated with instabil-
ity [47]. The cohort was primarily female patients (n = 37, 
95%) with a mean LCEA of 20°, preoperative Tönnis grade 
0, and osteoplasty of the anteroinferior iliac spine was per-
formed concomitantly in eight (20%) of patients. At a mean 
follow-up of 2.2 years, no patients underwent subsequent 
arthroplasty or revision surgery, while four patients (10%) 
had a postoperative mHHS score < 70 and were considered 
clinical failures. There was a mean improvement seen in 
all patient reported outcomes examined (mHHS, HOOS, 
UCLA activity score, SF-12), although clinically signifi-
cant outcomes were not reported [47]. Similarly, Livermore 
et al., studied 20 patients who underwent PAO for symp-
tomatic instability in the setting of borderline hip dysplasia 
(LCEA 18°-25°). At a mean 5-year follow-up, no patients 
met criteria for failure which was defined as conversion to 
total hip arthroplasty [48]. Additionally, no patients met 
criteria for clinical failure, as defined by Patient Reported 
Outcomes Measurement Information System (PROMIS) 
outcome measures physical function computerized adaptive 
test score less than 40. Achievement of clinically significant 

hyperextension-external rotation (HEER), the prone appre-
hension relocation test (PART), and the prone instability test 
[38–41]. Of these tests, the AB-HEER has been shown in 
one study to have the highest sensitivity for diagnosing hip 
instability (80.6%), while the prone instability test has been 
shown to have a specificity as high as 98% [41]. It should 
be noted however that there is no one gold standard clinical 
exam for diagnosing hip instability, and multiple provoca-
tive tests have been described, and should be used in combi-
nation (Table 1) [39]. In concert with physical examination, 
many radiographic parameters exist to assess the borderline 
dysplastic hip in addition to LCEA. Symptoms driven by 
instability may be suggested by hip internal rotation in flex-
ion > 20°,  radiographic femoro-epiphyseal acetabular roof 
(FEAR) index of >5,  anterior center-edge angle of < 20°, and 
an acetabular inclination of > 10° [42–44]. However, cutoffs 
suggestive of instability, such as with FEAR, continue to 
change and radiographic markers have recently been shown 
to poorly correlate with anterior acetabular coverage seen 
on low-dose CT [43, 45, 46]. In addition to a comprehensive 
clinical exam, our institution’s hip-preservation protocols 
include preoperative radiographs (standing anteroposterior, 
false profile, 45° Dunn lateral, and in patients considered for 
PAO, a Von Rosen view), non-contrast hip magnetic reso-
nance imaging in the setting of a native hip (MR arthrogram 
if the patient has had prior surgery) and low-dose 3-dimen-
sional computed tomography in all patients as part of the 
standard preoperative work-up [28].

Fig. 2  Preoperative and Postoperative Radiographs Following Periace-
tabular Osteotomy. Legend: Anteroposterior radiographs of the right 
hip in a patient who underwent Periacetabular Osteotomy (PAO) in 

the setting of acetabular dysplasia (lateral center edge angle measured 
9.1° preoperatively). Preoperative (a), two weeks postoperative (b) 
and one-year postoperative radiographs demonstrating healed PAO (c)
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failure to achieve MCID/PASS). However, those who had 
undergone a prior hip arthroscopy demonstrated inferior 
postoperative PROM scores and more-commonly met crite-
ria for clinical failure (23% and 5% in those with and with-
out prior arthroscopy, respectively). While this represents a 
large cohort with promising clinical outcomes, no control 
group was utilized and this study lacked long-term follow-
up [44].

While there are limited studies on the use of PAO in the 
borderline dysplastic hip population, recent studies have 
shown promising clinical results. Additional mid-term and 
long-term studies are warranted to further examine clini-
cally significant outcomes, reoperations, and conversion to 
arthroplasty following this procedure.

outcomes were not reported in this study, however, which 
limits comparisons to aforementioned hip arthroscopy stud-
ies [48].

In the largest study to date of patients undergoing PAO 
in patients with borderline hip dysplasia (LCEA 18°-25°), 
Nepple and colleagues reported on 186 hips with a mean 
LCEA of 20.7° at a mean 3.3 years follow-up [44]. Thirty 
hips had undergone a previous hip arthroscopy most com-
monly for labral repair (73.1%) or femoral osteoplasty 
(38.5%). A concurrent procedure was performed in 88.7% 
of those undergoing PAO with 69.9% of these hips undergo-
ing an arthroscopy immediately prior to their PAO. Three 
patients underwent subsequent hip arthroscopy following 
PAO (1.6%) for persistent symptoms. An additional twelve 
hips failed to achieve either MCID or PASS for the Modi-
fied Harris Hip Score (mHHS), thus for an overall clinical 
failure rate of 8% (n = 15, including both reoperations and 

Summary 
of Tests to 
Evaluate Hip 
Instability

Acronym Patient 
Position

Description

Abduction-
extension-
external 
rotation test

AB-HEER Lateral Abduct the hip to 30 and externally rotate. Place pressure on 
posterior aspect of greater trochanter. Extend the leg from 
10 of flexion to full extension while placing anterior force 
through greater trochanter.
Positive test reproduces the patient’s symptoms

Anterior 
apprehen-
sion test (also 
known as 
hyperexten-
sion-external 
rotation test)

HEER Supine Place the buttock of side being examined on the edge of table.
Extend and externally rotate the affected lower extremity 
while keeping the contralateral limb in flexion.
Positive test reproduces anterior hip pain

Axial distrac-
tion test

Supine Place patient’s hip and knee in 30o of flexion. While examin-
ing patient, keep your knee beneath affected thigh, against the 
patient’s ischium.
Axial distraction of hip results in positive test if patient’s
pain or apprehension is replicated, or whether hip toggles.

Log roll test 
(also known 
as the dial 
test)

Supine Examiner internally rotates foot past neutral and releases foot.
Foot will fall into ER; if ER is greater than contralateral side, 
this is suggestive of anterior capsular laxity (especially if foot 
table angle is < 20) and is a positive test.

Posterior 
apprehension 
test

Supine Place the affected hip in 90° flexion. Provide additional 
adduction and internal rotation of affected hip. Lastly, apply 
posterior force.
Test is positive if pain or apprehension is
reproduced.

Prone 
Apprehension 
Relocation 
Test

PART Prone Place the patient prone on the examination table with the 
affected hip held in extension approximately 10° to 15° 
and abducted approximately 10° from midline. Support the 
patient’s bent knee and pushes downward on the femur while 
supporting the knee.
A positive test replicates the patient’s anterior hip pain.

Prone external 
rotation test

Prone ER 
test

Prone Place the affected hip in maximal external rotation. Place 
anterior pressure on the posterior greater trochanter in an 
attempt to translate the femoral head anteriorly.
Positive test replicates patient’s symptoms.

Table 1  Physical Examina-
tion Maneuvers to Assess Hip 
Instability

Modified from Spiker et al. and 
Watchmaker et al. [38, 39]
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than 10°), while indications for hip arthroscopy were het-
erogeneous. Baseline and 1-year postoperative PROMs 
were decreased in patients who had previously failed hip 
arthroscopy when compared to those without a prior sur-
gery [50]. However, the magnitude of change in PROMs as 
well as LCEA, ACEA, and acetabular index were not sig-
nificantly different between cohorts.

The above studies highlight the importance of a thor-
ough discussion and evaluation in this patient population as 
although an index isolated hip arthroscopy procedure may 
be a smaller procedure with quicker recovery as compared 
to PAO, those patients undergoing a subsequent PAO fol-
lowing hip arthroscopy may have inferior outcomes.

Periacetabular Osteotomy vs. Hip Arthroscopy: A 
Direct Comparison

While there are no current randomized control trials com-
paring PAO with hip arthroscopy, several retrospective 
cohort studies exist [52, 53]. Grammatopoulos et al. com-
pared clinical outcomes at short-term follow-up in patients 
with borderline hip dysplasia (defined as LCEA 20°-25° and 
acetabular index 10°-15°) who underwent either PAO-only 
(n = 42), isolated hip arthroscopy (n = 127), or combined 
PAO and an intra-articular treatment (open or arthroscopic, 
n = 122) [53]. It should be noted that several demographic 
and radiographic differences were found between groups. 
Those undergoing isolated hip arthroscopy tended to be 
older (p < .001), male (p < .001), had not had a previous 
procedure (p = .02), had a higher Tonnis grade (p < .001), 
and had higher baseline HOOS scores (p = .02). Complica-
tions, reoperations, and final postoperative patient-reported 
outcomes were not statistically different between groups. 
Changes in SF-12 scores tended to be smaller in those 
undergoing isolated PAO (4 ± 19) when compared to iso-
lated hip arthroscopy (10 ± 16) or combined PAO and an 
intra-articular procedure (12 ± 15; p = .02). It should also be 
noted that indications for PAO versus hip arthroscopy were 
not discussed within this abstract and thus is a significant 
limitation to the study which is in addition to its short-term 
follow-up of 1-year [53].

More recently, Andronic and colleagues compared clini-
cal outcomes in those undergoing PAO and isolated hip 
arthroscopy in a propensity-matched retrospective cohort 
with 5-year minimum follow-up [52]. Defining borderline 
hip dysplasia as an LCEA of 18°-25°, Andronic et al. suc-
cessful matched 28 and 49 patients undergoing PAO or hip 
arthroscopy, respectively, by age, sex, body mass index, and 
Tonnis grade (all p ≥ .241). Labral debridement and repair 
were performed in 8 and 41 hips, with all patients under-
going capsular plication. Those undergoing PAO tended to 
have smaller LCEA (21.1° vs. 22.6°, p = .002) and alpha 

PAO in the Setting of Prior Hip Arthroscopy

As the debate between the appropriate first line treatment 
for borderline hip dysplasia continues, it is worthwhile to 
examine the characteristics and outcomes of those who 
fail initial hip arthroscopy and subsequently undergo PAO. 
Understanding this data may provide insight into selection 
of first line management in future patients and implica-
tions of each. When examining the patient characteristics 
of hip arthroscopy failures in the setting of hip dysplasia, 
Ross et al. reported on 30 patients in the Academic Network 
for Conservational Hip Outcomes Research (ANCHOR) 
Study Group who failed hip arthroscopy and underwent 
subsequent PAO an average of 22 months after their index 
arthroscopy [49]. A preoperative diagnosis of borderline hip 
dysplasia (LCEA 20°-25°) and hip dysplasia (LCEA < 20°) 
was present in 27% and 67% of patients, respectively [49]. 
Importantly, they also noted that 93% of these patients 
had increased acetabular inclination (> 10°) and 70% had 
anterior center edge angle of < 20°. All 30 patients (100%) 
had at least one radiographic measurement indicative of 
acetabular dysplasia reinforcing the need for a comprehen-
sive preoperative assessment of this patient population as 
LCEA alone may not be adequate when assessing dysplasia. 
Additionally, in the patient population who have failed a hip 
arthroscopy and subsequently undergo a PAO for definitive 
treatment of hip dysplasia, the outcomes may not be as good 
as in those patients who have a PAO as the index surgery 
[10, 50, 51]. Ricciardi and colleagues compared PROMs, 
reoperations, and complications between patients undergo-
ing symptomatic hip dysplasia with (N = 25 hips) or without 
(N = 85 hips) prior hip arthroscopy [51]. The indications 
for primary hip arthroscopy were heterogeneous given the 
research institution is a tertiary referral center, but impor-
tantly no patients had known iatrogenic dysplasia secondary 
to over resection of the acetabular rim during their index 
arthroscopy. Patients underwent PAO if they had acetabu-
lar dysplasia (LCEA < 25°), minimal radiographic osteoar-
thritis, and failed nonoperative management. The LCEA of 
those with a prior arthroscopy (median 22°; range 17°-32°) 
was not different when compared to patients without prior 
surgery (median 18°; range 9°-21°) [51]. While there were 
no differences in reoperations or complications, those who 
underwent a prior hip arthroscopy had inferior 6-month and 
1-year PROMs (HOS-activities of daily living, HOS-sport, 
iHOT-33, and mHHS). Novais et al. similarly performed 
a retrospective cohort using the ANCHOR database com-
paring postoperative PROMs and radiographic outcomes 
in patients who underwent PAO with (N = 52) or without 
(N = 104) having undergone a prior hip arthroscopy [50]. 
Patients were included if they underwent PAO for hip dys-
plasia (LCEA < 25° or acetabular index of Tonnis greater 
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