
Outcomes of periacetabular osteotomy for
borderline hip dysplasia in adolescent patients

Ishaan Swarup1,*, Ira Zaltz2, Stacy Robustelli3 and Ernest Sink3

1Division of Pediatric Orthopaedic Surgery, UCSF Benioff Children’s Hospital, 747 52nd Street, Oakland, CA 94609, USA,
2Division of Pediatric Orthopaedic Surgery, William Beaumont Hospital, 3501 West 13, Mile Road, Royal Oak, MI 48073, USA and

3Division of Pediatric Orthopaedic Surgery, Hospital for Special Surgery, 535 East 70th Street, New York, NY 10021, USA.
*Correspondence to: I. Swarup. E-mail: ishaan.swarup@ucsf.edu

Submitted 4 October 2019; Revised 24 December 2019; revised version accepted 24 February 2020

A B S T R A C T

Treatment of borderline acetabular dysplasia (lateral center edge angle �18�) remains controversial, and there
is a paucity of literature focusing on outcomes in adolescent patients. The purpose of this study was to evaluate
the outcomes of a periacetabular osteotomy (PAO) as surgical management of borderline acetabular dysplasia in
adolescent patients. We performed a retrospective review of prospectively collected data and included patients
� 21 years of age that underwent PAO for borderline acetabular dysplasia. All patients had a minimum of 1-year
follow-up. Outcomes were assessed using modified Harris Hip Scores (mHHS), Hip Outcome Scores (HOS)
and international Hip Outcome Tool (iHOT-33). Descriptive and univariate statistical analyses were performed.
This study included 33 adolescent patients (35 hips) with symptomatic, borderline acetabular dysplasia. The
majority of patients was female (32 patients, 97%); half of all patients reported a history of hip pain for over
1 year; and seven patients had previous hip arthroscopy. In addition to PAO, seven hips (20%) underwent a
concurrent hip arthroscopy at the time of surgery. There were significant improvements in mean mHHS, HOS-
activities of daily living (ADL), HOS-Sport and iHOT-33 scores after surgery (P< 0.01). Minimal clinically im-
portant difference in outcome scores was achieved for over 90% of patients at a minimum of 1-year follow-up.
Borderline acetabular dysplasia is a major cause of hip pain in adolescent patients. Patients with symptomatic bor-
derline acetabular dysplasia report a significant benefit after a PAO to correct structural hip instability.

I N T R O D U C T I O N
Hip dysplasia describes a deficiency in the bony coverage
of the femoral head by the acetabulum. This deficiency
results in increased stress on the acetabular cartilage, la-
brum and surrounding soft-tissue stabilizers of the hip.
The increased force may subsequently cause hip pain, func-
tional limitations and future joint degeneration [1–10].
The severity of dysplasia is commonly referred to in the lit-
erature as severe, moderate and mild or borderline. This
classification is subjective in nature and not predicated on
natural history studies. The severity is determined by using
the lateral center edge angle (LCEA) of Wiberg [11], al-
though there are many other radiographic criteria that
should be considered in the diagnosis. Hip dysplasia is a
well-recognized risk factor for osteoarthritis, and even

borderline hip dysplasia is associated with the development
of hip osteoarthritis [12].

Hip dysplasia can be surgically managed with the Bernese
periacetabular osteotomy (PAO) [13]. This procedure reor-
ients the acetabulum while preserving posterior column con-
tinuity, retaining the shape of the true pelvis and addressing
the acetabular deficiency in multiple planes [13]. A recent
prospective cohort study showed an improvement in pain,
function, quality of life, overall health and activity level after
PAO for symptomatic hip dysplasia [14]. In some cases,
arthroscopic or open hip preservation procedures are required
in addition to PAO in order to address intra-articular path-
ology, such as labral tears or impingement lesions.

The surgical management of radiographically mild or
borderline hip dysplasia (LCEA � 18�) remains
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controversial. There are recent studies indicating good out-
comes of hip arthroscopy in this cohort but there is limited
follow-up and hip arthroscopy does not change the acetab-
ular bony coverage. Historically, there are several reports
of iatrogenic instability as well as poor outcomes and reop-
eration specifically in patients with concomitant acetabular
dysplasia [1, 15–27]. Hip arthroscopy in isolation may not
be adequate in the setting of hip dysplasia since it does not
address the underlying structural abnormality of the acet-
abulum, which is contributing to the patient’s symptoms
and intra-articular pathology [28]. In these cases, a PAO
may be beneficial to address the underlying pathoanatomy
and structural abnormality, and it is now being offered to
patients with borderline and moderate hip dysplasia.
However, the use of PAO in these patients remains contro-
versial given its perceived invasive nature and risk of peri-
operative complications [29].

Previous studies on outcomes of PAO have often
excluded patients with mild acetabular deformity. A recent
study compared outcomes after PAO between patients
with radiographically borderline and severe hip dysplasia,
but this study included patients of all ages [30]. To our
knowledge, there are no studies focusing on outcomes after
PAO for symptomatic borderline hip dysplasia in adoles-
cent patients. The purpose of this study is to describe the
presentation and evaluation of adolescent patients with
symptomatic, borderline hip dysplasia and to analyze the
patient-reported outcomes (PROs) after PAO. We hy-
pothesize that adolescent patients with symptomatic bor-
derline hip dysplasia will report significant improvement
after PAO.

M A T E R I A L S A N D M E T H O D S
We performed a retrospective review of prospectively col-
lected data from our institutional hip preservation registry.
The institution hip preservation registry is a repository of
pre-operative, operative and post-operative data for
patients, and the primary surgeon and patients who com-
plete PROs provide the data. This study focused on
patients that underwent a primary PAO or PAO following
hip arthroscopy with a minimum of 1-year follow-up. We
included patients aged 21 or younger at time of PAO with
an LCEA �18� and �25�. Patients undergoing bilateral
PAO were included in this study if their outcomes were at
least 12 months from the second sided surgery. We
excluded patients that had missing baseline or 1-year
follow-up data as well as patients that underwent antevert-
ing PAO. This study was approved by our institutional re-
view board.

Indication, surgery and follow-up
A single, high-volume surgeon evaluated and indicated all
of the patients in this study. Many of the patients were also
evaluated by hip arthroscopic surgeons and referred for a
PAO. Indications for PAO were symptomatic acetabular
dysplasia (LCEA > 18�), which was characterized by hip
pain that had been recalcitrant to extensive non-operative
management, and patients with symptoms suggestive of
hip instability. PAOs were not performed for a primary
diagnosis of femoroacetabular impingement (FAI).
Additionally, PAOs were performed after confirmation of
joint congruency on von Rosen view and in the setting of
minimal radiographic osteoarthritis (Tonnis Grade 0 or 1).
Pre-operative evaluation consisted of an extensive history,
gait observation and supine and prone hip range of motion
and provocative maneuvers. Radiographic evaluation was
comprised of standing AP pelvis, lateral of the proximal
femur, 45� Dunn view and false profile view. Advanced
imaging was obtained for surgical patients, specifically mag-
netic resonance imaging (MRI) to evaluate for chondral
and labral pathology and computed tomography (CT) to
better evaluate acetabular deficiency and for pre-operative
planning. Acetabular and femoral version, as well as fem-
oral head coverage, was evaluated on three-dimensional
CT scan.

A single surgeon performed the Bernese PAO. The pro-
cedure was performed following the technique described
by Ganz et al. [13]. Notable modifications to the original
technique included a rectus sparing approach, which
allowed an accelerated post-operative rehabilitation proto-
col [31, 32]. Abnormalities associated with FAI were
addressed with an arthrotomy. This additional step was
performed in patients with evidence of limited internal ro-
tation after acetabular correction or head–neck offset ab-
normality on pre-operative CT scans. A capsular repair was
performed whenever an arthrotomy was needed.

Post-operatively, patients were 20% weight bearing for
4 weeks after which they were allowed to be weight bearing
as tolerated with crutches. After 6-week radiographs,
patients could wean off their crutches and physical therapy
was commenced at 6 weeks as well. Patients were evaluated
at 6 weeks, 3 months, 6 months and 1 year. Post-operative
physical therapy advances from a period of 6 weeks until
6 months when the protocol is directed to allow the
patients to return to all activities.

Data collection and outcomes
All patients >11 years of age are included into the hip
preservation registry upon initial consultation. Patients
with borderline dysplasia were identified from the institu-
tional hip preservation registry and data extraction was
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performed. We collected basic demographic data, details
from the pre-operative evaluation, intra-operative data,
radiographic and imaging data and the incidence of peri-
operative complications. Demographic data included pa-
tient age, gender, BMI and laterality. Pre-operative history
data included chief complaint, diagnosis, location of pain,
duration of symptoms, previous treatments and pertinent
medical and surgical history. Physical examination data
included range of motion and provocative maneuvers, such
as impingement signs. Intra-operative data included pri-
mary and associated procedures, and if applicable, labral
tear location. Imaging data were based on pre-operative
radiographs, MRI and CT scans. Radiographic measures of
interest included LCEA, anterior center edge angle
(ACEA), Tonnis grade and acetabular depth. CT measure-
ments included femoral and acetabular version, alpha angle
and neck-shaft angle. MRIs were reviewed to determine
the presence of labral tear or chondral wear and defects.
Last, intra- and post-operative complications were
recorded and classified by the Dindo–Clavien
classification.

Patient function and outcomes were assessed using the
modified Harris Hip score (mHHS), Hip Outcome Score
(HOS) and international Hip Outcome Tool 33 (i-
HOT33). These surveys were administered at the patient’s
pre-operative visit and subsequent post-operative visits.
Although we did not specifically assess improvement in
pain, this outcome is likely associated with other measures
included in this study [33]. Minimal clinically important
difference (MCID) was defined as mHHS of �8, improve-
ment in HOS-ADL �5, improvement in HOS-Sport �6
and improvement in iHOT � 10 [34]. All data were
extracted from the registry and missing data were obtained
by chart review. Our primary outcomes of interest included
the mHHS, HOS and i-HOT33 scores. Secondary out-
comes included pre-operative patient symptoms, physical
examination and the presence of intra- and post-operative
complications.

Statistical analysis
Continuous variables are summarized as means with SDs
or medians with first and third quartiles (Q1 and Q3, re-
spectively), depending upon the distribution of the data.
Categorical variables are summarized as frequencies and
percentages. The generalized estimating equations (GEEs)
method was used to compare pre- versus post-operative
imaging and PRO measures. GEE was used to account for
the correlation between repeated measurements on the
same patient (i.e. multiple hips or time-points). All statis-
tical hypothesis tests were two-sided. Statistical analyses

were performed with SAS Version 9.4 (SAS Institute,
Cary, NC, USA).

R E S U L T S
This study included 33 adolescent patients (35 hips) with
symptomatic borderline hip dysplasia (Table I). The mean
age at time of surgery was 17 years (range 12–21 years),
and the majority of patients was female (32 patients, 97%).
Approximately, one-half of all patients reported a history
of hip pain for over 1 year; and the pain was localized to
the anterior hip (26 patients, 79%) or medial groin (seven
patients, 21%) in most patients. The majority of patients
had no medical problems (22 patients, 67%), and three
patients had a history of anxiety or depression. In total,
seven patients had previously undergone a hip arthroscopy
and no patients had undergone a previous PAO on the hip
of interest. On physical exam, apprehension and impinge-
ment were common findings (Table II); however, not all
patients with symptomatic borderline hip dysplasia exhib-
ited apprehension on exam. Pre-operative MRI revealed la-
bral pathology in the majority of hips (28 hips, 85%;
Table III). However, few patients reported mechanical
symptoms at presentation. The mean (range) pre-opera-
tive BMI was 21.2 (12.8–29.5; n¼ 30 patients).

All patients were managed with a PAO after failure of
extensive non-operative treatment which included at least
3–6 months of physical therapy and intra-articular injec-
tions. In total, 31 patients underwent a unilateral PAO, and
two patients had a bilateral PAO that were at a minimum
1 year apart (range 1–3 years). Seven hips (20%) under-
went a concurrent hip arthroscopy at the time of the PAO
for mechanical symptoms and a detached labrum on MRI
in addition to pain. Arthroscopic labral repair was per-
formed in five cases, labral debridement in one case and re-
moval of loose body in one case. In addition, open CAM

Table I. Demographic data for adolescent patients
with mild hip dysplasia

Female, n (%) 32 (97)

Age at first PAO (years), mean 6 SD 16.9 6 2.2

BMI, mean 6 SD 21.2 6 4

Surgical side, n (%)

Right 19 (58)

Left 12 (36)

Bilateral 2 (6)

Any prior hip surgery, n (%) 10 (30)
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decompression was performed in one case and open de-
compression of the anterior inferior iliac spine in one case.

The mean 6 SD LCEA improved from 22 6 3� pre-
operatively to 36 6 4� post-operatively (P< 0.001).

Similarly, the mean ACEA improved from 24 6 7� pre-op-
eratively to 38 6 7� post-operatively (P< 0.001). There
were significant improvements in mean mHHS, HOS-
ADL, HOS-Sport and iHOT-33 scores at a minimum of
1 year after surgery (P< 0.001; Table IV). Minimally im-
portant change (MIC) for mHHS was achieved for 94% of
patients at their recent follow-up. Similarly, MIC for HOS-
ADL was achieved for 94% of patients; MIC for HOOS-
Sport was achieved for 91% of patients; and MIC for
iHOT-33 was achieved for 94% of patients. We assessed
minor and major complications in this cohort, and no
intra- or post-operative complications were noted in these
patients.

D I S C U S S I O N
Hip dysplasia is an anatomic abnormality where the fem-
oral head is not adequately covered by the acetabulum.
This causes increased stress on the surrounding soft-tissue
stabilizers of the hip, labrum and cartilage [1–10]. Even
though the benefits of a PAO are well established in the
setting of severe hip dysplasia, the surgical management of
borderline hip dysplasia remains controversial. The major-
ity of patients in our study had long-standing hip pain
affecting their quality of life that was refractory to non-
operative treatment. Extensive pre-operative workup
included history, exam, radiographs, MRI and CT scan
that proved evidence of borderline hip dysplasia in add-
ition to concurrent impingement, and in some cases, intra-
articular pathology. The cases are commonly evaluated and
referred by hip arthroscopic surgeons and deemed to be in-
appropriate for arthroscopic management. We managed
these cases with a PAO, and when indicated, we addressed
symptomatic labral tears and FAI concurrently. In this co-
hort of patients with borderline hip dysplasia, we found
that a PAO resulted in a significant improvement in radio-
graphic parameters and patient outcomes.

Hip arthroscopy may be chosen as the treatment by sur-
geons and patients due to a concern that the PAO is a rela-
tively invasive procedure for a patient with ‘borderline
dysplasia.’ There have been reports of hip arthroscopy for
borderline dysplasia; however, this approach may prove to
be inadequate as evidenced by several reports of iatrogenic
instability, poor outcomes and high rates of reoperation
after isolated hip arthroscopy in the setting of acetabular
dysplasia [1, 15–27]. Additionally, a recent study con-
cluded that even if labral pathology is present on MRI, it
may not explain the pain seen in patients with concomitant
borderline dysplasia [35]. Structural deformity of the hip is
a well-known risk factor for failure after hip arthroscopy
[19]. Parvizi et al. [16] reported that the majority of
patients with hip dysplasia and labral pathology did not

Table II. History and physical examination findings

Number of
patients
or hips

n (%)

Primary location of pain, n (%) 33

Anterior 26 (79)

Lateral 10 (30)

Medial/groin 7 (21)

Pre-operative ROM, mean 6 SD (�)

Hip flexion 34 107.1 6 10.8

Internal rotation at 90� of
hip flexion

35 37.1 6 10.9

External rotation at 90� of
hip flexion

35 52.3 6 17.2

Hip abduction 35 33.9 6 5.3

Provocative tests, n (%)

Impingement 34 28 (82)

Instability 27 13 (48)

Table III. CT and MRI Findings

Number of hips

Pre-operative CT measurements,
mean 6 SD (�)

Acetabular version 24 21 6 11

Acetabular version at 1 o’clock 22 9 6 6

Acetabular version at 2 o’clock 22 15 6 7

Acetabular version at 3 o’clock 22 18 6 4

Alpha angle 25 60 6 15

Neck-shaft angle 20 131 6 7

Pre-operative MRI findings, n (%)

Labral tear 33 25 (76)

Labral degeneration without tear 33 3 (9.4)

Chondral wear (MRI) 28 14 (50)
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benefit from hip arthroscopy, and they cautioned that hip
arthroscopy may be ineffective as well as accelerate the
process of arthritis in these patients. The ANCHOR study
investigators subsequently reported that failure of hip arth-
roscopy and need for PAO is commonly noted in young
female patients with mild to moderate dysplasia [26]. In a
recent study by Larson et al. [23], patients with mild to
moderate acetabular dysplasia had inferior outcomes after
hip arthroscopy compared with patients with FAI, and al-
most a third of patients with dysplasia had low outcome
scores or required a subsequent osteotomy or arthroplasty.
Similar results were reported by Matsuda et al. [27], who
found that patients with borderline dysplasia and FAI had
worse outcomes compared with patients with only FAI
after hip arthroscopy.

In contrast, Fukui et al. [24] found that a subset of
patients with mild to moderate dysplasia and FAI may
benefit from hip arthroscopy, but this study was limited by
its small sample size and lack of a comparison group.
Evidence also suggests that patients who fail hip arthros-
copy and require a PAO have worse outcomes compared
with non-arthroscopy patients [21]. Kirsch et al. [28] con-
cluded in a recent review that hip arthroscopy may be ef-
fective in patients with borderline dysplasia without frank
instability, but the assessment of instability is subjective
and there is a significant risk of failure in dysplastic patients
with symptomatic hips, which should be discussed with
patients prior to hip arthroscopy. Furthermore, surgeons
should consider the results of a recent study that reported
inferior outcomes in patients that undergo PAO after failed
hip arthroscopy compared with patients did not undergo a
previous hip arthroscopy.

Given the potential of failure and reoperation after hip
arthroscopy in young patients with borderline dysplasia
[36], compounded with the potential catastrophic out-
come of progression of arthritis and instability, addressing
the structural deformity of the hip with a PAO is a prudent
approach in adolescent patients with symptomatic border-
line hip dysplasia. In addition, the improved structural

orientation of the hip likely complements concurrent pro-
cedures to address symptomatic intra-articular pathology
and impingement. However, additional studies are needed
to determine whether improved structural orientation con-
tributes to lower risks of recurrence and reoperation in
these patients. In our study, the overwhelming majority of
patients had clinically significant improvements at a min-
imum of 1 year after PAO and no patients required a reop-
eration during the study period. Our results are
comparable to older cohorts [30], but there is no compara-
tive data in adolescent patients with borderline dysplasia.
In our practice, a concurrent hip arthroscopy is recom-
mended for patients with labral symptoms and evidence of
a labral detachment on MRI.

The limitations of our study include our sample size
and length of follow-up. However, to our knowledge, this
is the largest reported series in the literature of adolescent
patients treated with PAO for symptomatic borderline hip
dysplasia. In addition, we did not have a comparison group
in this study and we are likely underpowered to assess dif-
ferences between subgroups. Previous studies have shown
that addressing the structural abnormality in patients with
dysplasia is paramount, but additional comparative studies
are needed. Furthermore, we have presented a range of
clinical and radiographic data; however, we do not have
additional data such as femoral version, acetabular inclin-
ation, acetabular depth and Beighton score. Last, all proce-
dures were performed by a single high-volume hip
preservation surgeon, and the results of this study may not
be generalizable to all settings.

In conclusion, symptomatic borderline hip dysplasia in
adolescent patients is a challenging issue. Patient evalu-
ation and diagnosis are based on a careful review of the his-
tory, physical exam, radiographs, and in some cases,
advanced imaging. Adolescent patients that present with a
long-standing history of anterior or medial hip pain, evi-
dence of hip instability on exam and radiographic evidence
of dysplasia will likely benefit from a PAO after exhausting
non-operative management. Mechanical symptoms and

Table IV.Mean outcome scores for adolescent patients with mild hip dysplasia

Pre-operative Post-operativea Difference from baselinea Achieved MCID (%) P-value

mHHS (SD) 50 (15) 88 (12) 38 (21) 94 <0.01

HOS-ADL (SD) 57 (15) 92 (10) 35 (19) 94 <0.01

HOS-Sport (SD) 31 (20) 81 (22) 50 (29) 91 <0.01

iHOT-33 (SD) 27 (12) 81 (18) 54 (21) 94 <0.01

aOutcome score at most recent follow-up (minimum of 1-year post-operative follow-up).

Treatment of borderline acetabular dysplasia � 253



impingement may be addressed concurrently with open or
arthroscopic procedures. The PAO is a reliable procedure
for symptomatic borderline hip dysplasia in adolescent
patients with significant improvements in radiographic
measures and PROs.
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11. Clohisy JC, Carlisle JC, Beaulé PE et al. A systematic approach to
the plain radiographic evaluation of the young adult hip. J Bone
Joint Surg Am 2008; 90(Suppl. 4): 47–66.

12. McWilliams DF, Doherty SA, Jenkins WD et al. Mild acetabular
dysplasia and risk of osteoarthritis of the hip: a case-control study.
Ann Rheum Dis 2010; 69: 1774–8.

13. Ganz R, Klaue K, Vinh TS et al. A new periacetabular osteotomy
for the treatment of hip dysplasias. Technique and preliminary
results. Clin Orthop Relat Res 1988; 232: 26–36.

14. Clohisy JC, Ackerman J, Baca G et al. Patient-reported outcomes
of periacetabular osteotomy from the prospective ANCHOR co-
hort study. J Bone Joint Surg Am 2017; 99: 33–41.

15. Matsuda DK, Khatod M. Rapidly progressive osteoarthritis after
arthroscopic labral repair in patients with hip dysplasia. Arthrosc J
Arthrosc Relat Surg 2012; 28: 1738–43.

16. Parvizi J, Bican O, Bender B et al. Arthroscopy for labral tears in
patients with developmental dysplasia of the hip: a cautionary
note. J Arthroplasty 2009; 24: 110–3.

17. Uchida S, Utsunomiya H, Mori T et al. Clinical and radiographic
predictors for worsened clinical outcomes after hip arthroscopic
labral preservation and capsular closure in developmental dyspla-
sia of the hip. Am J Sports Med 2016; 44: 28–38.

18. Thomas GER, Palmer AJR, Batra RN et al. Subclinical deformities
of the hip are significant predictors of radiographic osteoarthritis
and joint replacement in women. A 20 Year Longitudinal Cohort
Study. Osteoarthritis Cartilage 2014; 22: 1504–10.

19. Bogunovic L, Gottlieb M, Pashos G et al. Why do hip arthroscopy
procedures fail? Clin Orthop Relat Res 2013; 471: 2523–9.

20. Domb BG, Stake CE, Lindner D et al. Arthroscopic capsular pli-
cation and labral preservation in borderline hip dysplasia. Am J
Sports Med 2013; 41: 2591–8.

21. Kain MSH, Novais EN, Vallim C et al. Periacetabular osteotomy
after failed hip arthroscopy for labral tears in patients with acetab-
ular dysplasia. J Bone Joint Surg Am 2011; 93(Suppl. 2): 57–61.

22. Ricciardi BF, Fields K, Kelly BT et al. Causes and risk factors for revi-
sion hip preservation surgery. Am J Sports Med 2014; 42: 2627–33.

23. Larson CM, Ross JR, Stone RM et al. Arthroscopic management
of dysplastic hip deformities: predictors of success and failures
with comparison to an arthroscopic FAI cohort. Am J Sports Med
2016; 44: 447–53.

24. Fukui K, Trindade CAC, Briggs KK et al. Arthroscopy of the hip
for patients with mild to moderate developmental dysplasia of the
hip and femoroacetabular impingement: outcomes following hip
arthroscopy for treatment of chondrolabral damage. Bone Joint J
2015; 97-B: 1316–21.

25. Albers CE, Steppacher SD, Ganz R et al. Impingement adversely
affects 10-year survivorship after periacetabular osteotomy for
DDH. Clin Orthop Relat Res 2013; 471: 1602–14.

26. Ross JR, Clohisy JC, Baca G et al.; ANCHOR Investigators.
Patient and disease characteristics associated with hip arthroscopy
failure in acetabular dysplasia. J Arthroplasty 2014; 29: 160–3.

27. Matsuda DK, Wolff AB, Nho SJ et al. Hip dysplasia: prevalence,
associated findings, and procedures from large Multicenter
Arthroscopy Study Group. Arthrosc J Arthrosc Relat Surg 2018;
34: 444–53.

28. Kirsch JM, Khan M, Bedi A. Does hip arthroscopy have a role in
the treatment of developmental hip dysplasia? J Arthroplasty
2017; 32: S28–31.

29. Swarup I, Ricciardi BF, Sink EL. Avoiding complications in peria-
cetabular osteotomy. JBJS Rev 2015; 3: 1.

30. Ricciardi BF, Fields KG, Wentzel C et al. Complications and
short-term patient outcomes of periacetabular osteotomy for
symptomatic mild hip dysplasia. Hip Int 2017; 27: 42–8.

31. Sucato DJ, Tulchin K, Shrader MW et al. Gait, hip strength and
functional outcomes after a Ganz periacetabular osteotomy for
adolescent hip dysplasia. J Pediatr Orthop 2010; 30: 344–50.

32. Novais EN, Kim Y-J, Carry PM et al. The Bernese periacetabular
osteotomy: is transection of the rectus femoris tendon essential?
Clin Orthop Relat Res 2014; 472: 3142–9.

254 � I. Swarup et al.



33. Boje J, Caspersen CK, Jakobsen SS et al. Are changes in pain asso-
ciated with changes in quality of life and hip function 2 years after
periacetabular osteotomy? A follow-up study of 321 patients.
J Hip Preserv Surg 2019; 6: 69–76.

34. Kemp JL, Collins NJ, Roos EM et al. Psychometric properties of
patient-reported outcome measures for hip arthroscopic surgery.
Am J Sports Med 2013; 41: 2065–73.

35. Møse FB, Mechlenburg I, Hartig-Andreasen C et al. High fre-
quency of labral pathology in symptomatic borderline dysplasia: a

prospective magnetic resonance arthrography study of 99
patients. J Hip Preserv Surg 2019; 6: 60–8.

36. Novais EN, Coobs BR, Nepple JJ et al.; ANCHOR Study Group.
Previous failed hip arthroscopy negatively impacts early patient-
reported outcomes of the periacetabular osteotomy: an
ANCHOR Matched Cohort Study. J Hip Preserv Surg 2018; 5:
370–7.

Treatment of borderline acetabular dysplasia � 255


	hnaa012-TF1

