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Summary

Background: Hip instability has classically been
associated with developmental dysplasia of the
hip (DDH) in newborns and children. However, nu-
merous factors may contribute to hip instability in
children, adolescents, and adults.

Purpose: This review aims to concisely present the
literature on hip instability in patients of all ages in
order to guide health care professionals in the ap-
propriate diagnosis and treatment of the various
disorders which may contribute to an unstable hip.
Methods: We reviewed the literature on the diag-
nosis and surgical management of hip dysplasia
and other causes of hip instability.

Conclusions: Multiple intra- and extra-articular vari-
ables may contribute to hip instability, including ac-
etabular bony coverage, femoral torsion, femoroac-
etabular impingement, and soft tissue laxity. Physi-
cal examination and advanced imaging studies are
essential to accurately diagnose the pathology con-
tributing to a patient’s unstable hip. Conservative
management, including activity modification and
physical therapy, may be used as a first-line treat-
ment in patients with intra-articular hip pathology.
Patients who continue to experience symptoms of
pain or instability should proceed with arthroscopic
or open surgical treatment aimed at correcting the
underlying pathology.

Level of evidence: V.
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Introduction

Hip instability is a diagnosis with numerous etiologic
factors including, most notably, developmental dys-
plasia of the hip (DDH). Based on universal screen-
ing, the incidence of DDH is very low, with approxi-
mately 0.24% of newborns demonstrating ultrasono-
graphic findings of DDH within the first two postnatal
weeks'!. When hip instability or subluxation persists in
newborns beyond three weeks of life, conservative
treatment with use of a Pavlik harness is indicated?. If
the hip remains unstable following six weeks of treat-
ment with a Pavlik harness, closed reduction and
casting should be attempted. If concentric reduction
cannot be obtained using these methods, the patient
should undergo open reduction of the hip in conjunc-
tion with a varus derotational femoral osteotomy. Be-
yond the age of three years, the remodeling capacity
of the shallow acetabulum is insufficient and an ac-
etabular realignment osteotomy is typically indicated
to restore stability.

Recent advances in the pathomechanics of hip insta-
bility have implicated several factors, in addition to
DDH, as contributing to hip instability in the adoles-
cent and young adult population. As such, the defini-
tion of hip instability must be broadened to encom-
pass other bony and soft tissue contributors. The pur-
pose of this review is to detail the various features of
hip instability, to describe the appropriate clinical and
radiographic evaluation of patients with hip instability,
and to present recommendations for conservative or
surgical management of symptomatic hip instability
based on the current literature and our own opinions
based on experience.

This article submits to the ethical standards of the
journald,

Features of hip instability

Various factors may underlie the clinical diagnosis of
hip instability, including acetabular bony coverage,
femoral torsion4, femoroacetabular impingement
(FAIl)-induced instability®, as well as soft tissue laxi-
ty8. In DDH, acetabular coverage is typically deficient
anteriorly and superolaterally giving rise to a de-
crease in the lateral center edge angle (LCEA) and
an increase in the acetabular anteversion. An LCEA
between 20 and 25° indicates borderline dysplasia
whereas an LCEA <20° represents frank dysplasia.
Similarly, the normal acetabular version of 15-20° is
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increased in the setting of dysplasia to values greater
than 20°. Corrective osteotomy is typically indicated
when the LCEA is less than 20° and/or the acetabular
version is greater than 30°. There are, however, cer-
tain variants of DDH characterized by either global
acetabular deficiency or posterolateral deficiency for
which the acetabulum may have normal version or
retroversion (Figure 1). Previous studies have report-
ed retroversion in up to 18% of dysplastic hips, with a
corresponding radiographic crossover sign due to
posterior deficiency rather than anterior overcover-
age’8 Given that acetabular version is a measure-
ment of anterior coverage relative to posterior cover-
age, globally reduced coverage may leave version
unchanged. A more direct method of assessing ante-
rior coverage is by evaluating the degree of overlap
between the anterior wall and the femoral head (Fig-
ure 1b).

The acetabular sourcil morphology may also provide
clues to underlying instability mechanics in a hip with
otherwise borderline or normal LCEA and acetabular
version. A flattened sourcil or one that slopes up lat-
erally may indicate a mildly incongruous femoroac-
etabular joint that can contribute to instability®. Mea-
surement of lateral coverage in these cases should
be made to the base of the upsloping portion of the
sourcil as the bone lateral to this location does not
contribute to weight-bearing or stability. Additionally,
normal lateral coverage indices should be interpreted
with caution in the setting of a flattened sourcil that
lacks the normal concavity important for a stable
femoroacetabular articulation.

Femoral torsion is an important factor when evaluat-
ing hip stability. Excessive femoral antetorsion cre-
ates functional undercoverage of the femoroacetabu-
lar joint anteriorly and may precipitate instability
symptoms even in the setting of normal or borderline
acetabular coverage (Figure 2). Femoral torsion
should be evaluated independently and the combined
index of femoral torsion + acetabular version (COTAV
index) utilized in decision-making regarding hip stabil-
ity and the need for corrective realignment proce-
dures'0.

The radiographic assessment of acetabular cover-
age, acetabular version, and femoral torsion is de-
scribed in greater detail under the heading “Radi-
ographic characterization”.

In addition to the above-mentioned causative factors,

hip instability is associated with several characteristic
intra- and extra-articular abnormalities typically due to
chronic overload of secondary soft tissue stabilizers
(Table 1). With regard to intra-articular abnormalities,
both labral length (measured with magnetic reso-
nance imaging)'" as well as labral width (measured
during arthroscopy)'? are larger in patients with re-
duced lateral acetabular coverage. Labral enlarge-
ment is thought to represent adaptive hypertrophy in
the setting of increased shear forces within the unsta-
ble hip joint, though it may also be due to incomplete
ossification of the cartilaginous acetabulum during hip
development.

Articular cartilage thickness has also been shown to
exhibit hypertrophy, particularly in the acetabular
roof, in newborns with DDH'3.14 Adults with border-
line or frank dysplasia show a similar trend of
femoroacetabular cartilage hypertrophy'®, which is
thought to arise as a compensatory mechanism to
weight-bearing and sheer stress. The same may be
seen in pediatric patients with DDH after hip reduc-
tion by decreasing the medially directed force of the
femoral head into the acetabulum’3 The lack of bony
coverage places the enlarged labrum in a weight-
bearing position rendering it susceptible to tears.
Similarly, the thickened articular cartilage is exposed
to increased shear forces resulting in a characteristic
“inside-out” type articular cartilage flap tear, reported
in 50% of dysplastic patients by one group6.

The ligamentum teres (LT) is an important stabilizer
of the hip joint, particularly in patients with osseous
instability, such as inferior acetabular insufficiency,
borderline or frank hip dysplasia, or FAI'7 Tears of
the LT may result from chronic overload in the setting
of hyperlaxity, instability, or chronic irritation such as
that which occurs in patients with FAI.

Hip instability is also associated with extra-articular
pathologies, such as iliopsoas tendinitis due to com-
pensatory loading'®'9 In dysplasia, the iliopsoas
rests directly against the anterior femoral head and
acts as secondary dynamic stabilizer leading to over-
load, inflammation, and pain. Patients with increased
femoral anteversion may also have an increased risk
of lateral patellofemoral dislocation?0. From our expe-
rience, we have also noticed an association between
hip instability symptoms and tendinitis of the ham-
strings, which we believe occurs to maintain sagittal
pelvic load balance.

Table I. Intra- and extra-articular abnormalities associated with hip instability.

Intra-articular

Extra-articular

Reduced acetabular coverage
Femoroacetabular impingement
Ligamentum teres tears
Increased labral length and width

Acetabular cartilage hypertrophy

lliopsoas tendinitis
Sacroilitis

Osteitis pubis
Patellofemoral dislocation

Hamstring tendinitis
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Clinical evaluation

On physical examination, patients with hip instability
typically present with an apprehensive gait due to
avoidance of terminal extension. Passive hip rotation-
al range of motion (ROM), both at neutral and 90° of
hip flexion, is strongly correlated with femoral and ac-
etabular version and should be taken into considera-
tion when formulating a treatment algorithm™_ Pa-
tients with FAI will typically have markedly decreased
internal rotation (0-15°) and flexion (<110°) due to
bony impingement. However, patients with a cam le-
sion in the presence of hip dysplasia or other forms of
instability will have greater internal rotation than
would be expected given the cam lesion alone.

The log roll test is frequently used during the hip ex-
amination as pain during this test may indicate in-
flammation or capsulitis within the hip joint, confirm-
ing intra-articular pathology as the source of the pa-
tient’s complaints. In patients with instability, the log
roll test may indicate capsular laxity if excessive pas-
sive external rotation is noted by the examiner or if
there is loss of normal log roll recoil of the hip?!. The
anterior apprehension test may also be used to test
for hip dysplasia. The patient is positioned supine
with the unaffected hip flexed and affected hip ex-
tended, and the examiner abducts and external ro-
tates the affected hip. A positive test is indicated by
the presence of apprehension or subluxation during
this maneuver. This test may alternatively be per-
formed in the lateral position by abducting, extending,
and externally rotating the affected hip while applying
an anteriorly directed force on the proximal thigh. Fi-
nally, the “LT test” may be used to determine if there
exists a partial rupture of the ligamentum teres22 This
test is performed with the patient in 70° of hip flexion
and 30° short of full hip abduction. The examiner in-
ternally and externally rotates the hip to its limits, with
pain during internal or external rotation indicating a
positive test. The sensitivity and specificity of this test
for predicting an LT tear is 90% and 85%, respective-
ly, based on arthroscopic findings?2,

Joint hypermobility due to soft tissue laxity, either id-
iopathic or due to Ehlers-Danlos syndrome® or Mar-
fan syndrome?3, may be assessed with the Beighton
Hypermobility Score2425. This score is based on a
scale from 0 to 9, with each of the following counting
as 1 point: hyperextension of the right/left elbow, hy-
perextension of the right/left knee, excessive passive
dorsiflexion (>90°) of the right/left fifth metacarpopha-
langeal joints, passive dorsiflexion of the right/left
thumb to the forearm, and ability to rest the palms
and hands flat on the floor during trunk forward flex-
ion with the knees fully extended. Often, scores =4
represent joint hypermobility?® and we interpret
scores >6 to indicate pathologic laxity.

Radiographic characterization

Certain radiographic parameters have been devel-
oped to diagnose hip dysplasia and to assist with
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treatment strategies. Lateral acetabular coverage is
typically assessed via the lateral center edge angle
(LCEA) of Wiberg?” or using the Ogata modification28
and is measured on an anteroposterior (AP) radi-
ograph, though it may also be measured on a com-
puted tomography (CT) scan2®. The LCEA represents
the angle formed between a vertical line through the
center of the femoral head (orthogonal to the horizon-
tal pelvic axis) and a line connecting the center of the
femoral head and the lateral edge of the acetabular
roof or sourcil?8:30 Patients are diagnosed with bor-
derline hip dysplasia when the LCEA is 20-25° and
frank dysplasia when the LCEA < 20°. In a normal,
asymptomatic population, a mean LCEA of 31° has
been measuredd' 32 |t is important to keep in mind
that an LCEA >25° does not rule out acetabular dys-
plasia altogether, as some patients have isolated an-
terior and/or posterior dysplasia resulting in sympto-
matic instability (Figure 1) which can be exacerbated
by laxity or excessive femoral torsion. Additionally,
the LCEA should be interpreted in the context of
sourcil morphology, as a flattened or upsloping sour-
cil may be an occult sign of an incongruous and po-
tentially unstable femoroacetabular articulation.
Anterior acetabular coverage may be measured by
the anterior center edge (ACE) angle, also known as
the angle of Lequesne33, which is measured on the
false profile view. The ACE angle is formed between
a vertical line through the center of the femoral head
and a line connecting the center of the femoral head
and the most anterior portion of the acetabular sour-
cil?%. ACE angles < 20° suggest bony deficiency and
may lead to instability. In contrast, Frank et al.3" mea-
sured the mean ACE angle in asymptomatic patients
to be 30°. Additionally, anterior acetabular coverage
may be assessed by the degree of overlap between
the anterior wall and femoral head. Hips in which the
anterior wall/femoral head overlap is <20% of the
femoral head diameter are concerning for anterior in-
stability. A more reproducible method of assessing
anterior acetabular coverage is with a CT false-profile
view34 This method produces a cross-sectional im-
age in the same obliquity as false-profile radiographs
and eliminates projectional errors.

The Ténnis (or sourcil) angle is measured on AP radi-
ographs and provides information on a patient’s ac-
etabular inclination. The angle is measured by draw-
ing three lines: 1) a horizontal line connecting the
base of the acetabular teardrops, 2) a horizontal line
running parallel to line 1, through the inferior point of
the acetabular sourcil (point 1), and 3) a line running
from point | to the lateral edge of the acetabular sour-
cil. The Ténnis angle is the angle formed by the inter-
section of lines 2 and 3 and is considered normal at
0-10°3%_ Toénnis angles >10° and <0° represent in-
creased and decreased inclination, respectively, with
increased acetabular inclination associated with hip
instability.

In addition to acetabular inclination, acetabular ver-
sion may also be assessed based on the crossover
or figure-of-eight sign®°. If a crossover sign is appreci-
ated (i.e. if the anterior rim of the acetabulum crosses
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Figure 1a-c. a) Anteroposterior (AP) radiograph of a right hip with severe lateral acetabular dysplasia, superolateral migra-
tion of the femoral head, and a break in Shenton’s line (dashed white line). b) AP radiograph of a right hip with borderline
acetabular dysplasia, deficient anterior acetabular coverage, and preserved lateral center edge angle. The blue shaded
area indicates the small degree of overlap between the femoral head and the anterior acetabular wall. Note the flattened
sourcil or acetabular roof. c) AP radiograph of a right hip with severe lateral and posterior acetabular dysplasia. The red
shaded area indicates the overlap between the femoral head and the posterior acetabular wall. Note that the center of the
femoral head (white dot) lies lateral to the posterior wall, indicating a positive posterior wall sign with deficient posterior cov-

erage.

the line of the posterior rim before reaching the lateral
aspect of the sourcil), the acetabulum is locally or
globally retroverted. Global acetabular retroversion
can be associated with a posterior wall deficiency, a
crossover sign, and a prominent ischial spine. It is im-
portant to note that approximately 18% of dysplastic
hips have retroversion due to posterior deficiency and
not due to anterior overcoverage® Increased acetab-
ular anteversion is a common finding among infants3>
and adults®® with DDH. Interestingly, acetabular an-
teversion has been associated with internal rotation
of the innominate bone, which may indicate that
structural abnormalities exist throughout the pelvis in
patients with DDH, rather than localized dysplasia
around the hip36_ For acetabular version to be correct-
ly interpreted, there must not be excessive pelvic tilt
or rotation during imaging®’.

The femoral neck torsion angle (FNTA) represents
the angle between the axis of the femoral neck and
the coronal plane of the femoral condyles (condylar
plane)38 The term femoral anteversion refers to a
femoral neck that inclines anterior to the condylar
plane, while femoral retroversion indicates inclination
posterior to the condylar plane. Because multiple
planes must be viewed to measure the FNTA, CT re-
construction is often used to measure this parame-
ter, though magnetic resonance imaging (MRI)3° and
plain radiography with the Dunn view*® have also
been used. In patients with unilateral Ténnis type IV
DDH, the dislocated hip has been shown to exhibit
significant femoral anteversion compared with the
unaffected hip35 In addition, femoral anteversion has
been shown to associate with passive internal rota-
tion of the hip'®. Excessive femoral antetorsion cre-
ates functional anterior femoroacetabular undercov-
erage, and may give rise to anterior instability and il-
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iopsoas symptomatology, even in the setting of nor-
mal acetabular coverage. Hip instability that is driven
predominantly by excessive femoral antetorsion
should be addressed via derotational femoral os-
teotomy (Figure 2).

Imaging may also be used to detect intra-articular
abnormalities that may indicate hip instability, even if
the above parameters are normal or borderline nor-
mal. MRl may be used to measure labral length in
the lateral, anterior, and anteroinferior portion of the
acetabulum, with increased lengths in all directions
being associated with deficient lateral acetabular
coverage''. MRl may also demonstrate hypertrophic
acetabular cartilage and/or intra-articular fibrous tis-
sue in patients with DDH'3. MRI or magnetic reso-
nance arthrography (MRA) may be used to assess
for tears of the ligamentum teres, though MRI has
been shown to have lower sensitivity and specificity
in detecting partial LT tears*'. These intra-articular
abnormalities are useful when evaluating a patient
with borderline acetabular dysplasia and deciding
between minimally invasive arthroscopic treatment
versus bony realignment procedures to address the
instability. In these cases, every additional piece of
information that may suggest occult instability can
help the clinician in arriving at the correct diagnosis
and treatment plan.

Treatment

Conservative management

As mentioned above, newborns diagnosed with DDH
by ultrasound findings should begin conservative
treatment with a Pavlik harness for a minimum of two
weeks2. For adolescents and adults with hip dyspla-
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sia, a trial of conservative treatment may be indicat-
ed. This may include patient education, activity modi-
fication, physical therapy, and anti-inflammatory med-
ications. Hunt et al.*?2 demonstrated that patients
(mean age 35 years) with pre-arthritic, intra-articular
hip pathologies, including hip dysplasia and FAI, im-
proved following one year of conservative (n=23) or
operative (n=29) treatment. No difference in improve-
ment was demonstrated between the surgical and
conservative groups, although patients in both groups
significantly reduced their activity level during the
year following treatment initiation. Patients in this
study with more active lifestyles were more likely to
choose surgical intervention.

In patients with FAI, initial nonoperative treatment
may be indicated, with physical therapy and activity
modification conferring some benefit*344. However,
conservative treatment may not improve hip range of
motion43. Intra-articular injections may also serve as
an efficacious form of conservative treatment, with in-
jections of hyaluronic acid providing safe and effec-
tive pain relief45:46.

Surgical management

Surgical treatment of hip instability may be divided in-
to two general categories: soft-tissue procedures and
bony realignment. Surgical treatment using a soft-tis-
sue approach may include capsular plication or cap-
sulorrhaphy in patients with capsular laxity or iatro-
genic hip instability47:48. The iliofemoral ligament (IFL)
is recognized as the dominant stabilizer of the anteri-
or hip. Our group recently described IFL reconstruc-
tion with an Achilles tendon allograft for patients with
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Figure 2 a-f. a) Three-dimensional reconstruction
of the left hip from computed tomography (CT)
images indicating excessive femoral antetorsion
of 56 degrees and resultant functional undercov-
erage of the anterior femoral head. b) AP radio-
graph of the right hip in a patient with frank ac-
etabular dysplasia and associated excessive
femoral neck shaft angle of 146 degrees corre-
sponding with coxa valga. c) Minimally invasive
surgical site used to perform a derotational
femoral osteotomy (DFO) measuring 4 cm in
length. d) Intraoperative fluoroscopic radiograph
of the right femur with intramedullary saw in place
prior to performing femoral osteotomy. e) Intraop-
erative fluoroscopic radiograph of the right femur
with intramedullary saw in place following comple-
tion of femoral osteotomy. f) Postoperative AP ra-
diograph of the right femur with expandable in-
tramedullary rod in place following DFO to correct
for antetorsion and coxa valga deformities. Note
the well-healed femoral osteotomy site with ro-
bust callus (white arrows) and slight varus angle
across osteotomy to correct for coxa valga.

recurrent hip instability due to anterior capsular defi-
ciency*9.

The iliopsoas tendon is also recognized as an impor-
tant dynamic hip stabilizer, and iliopsoas tenotomy or
arthroscopic psoas lengthening may contribute to ia-
trogenic hip instability and inferior clinical out-
comes®%51, Sansone et al.52 published a case report
of two patients who suffered non-traumatic hip dislo-
cations following arthroscopic capsulotomy and iliop-
soas tenotomy. Therefore, iliopsoas tenotomy or
lengthening procedures should be avoided in patients
with hip instability and concomitant iliopsoas tendini-
tis or psoas-associated snapping hip syndrome.
Labral tears may also contribute to hip instability.
Nepple et al.53 have shown that the labrum repre-
sents the primary hip stabilizer to distraction forces at
small displacements (1-2 mm). In patients with bor-
derline hip dysplasia, arthroscopic capsular plication
and labral repair has resulted in favorable out-
comes®4. In patients with soft tissue laxity due to
Ehlers-Danlos syndrome, capsular plication and
labral repair may lead to significant improvement in
subjective hip stability®. Uchida et al.55 analyzed pre-
dictors of worsened outcomes in patients with DDH
undergoing arthroscopic management with labral re-
pair and capsular closure. These predictors included
a femoral neck-shaft angle >140°, a LCEA <19°, and
a body mass index (BMI) >23 kg/m2. In patients pre-
senting with these predictors, an osteotomy proce-
dure may result in better outcomes.

Bony realignment is a more invasive approach and
includes periacetabular osteotomy (PAQO) and/or
derotational femoral osteotomy (DFO). Hip dysplasia
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frequently results in secondary hip osteoarthritis
(OA)%6. However, young patients are not ideal candi-
dates for total hip arthroplasty (THA). A PAO allows
for mechanical correction of hip dysplasia by altering
the patient’s pelvic and hip joint anatomy without re-
placing the hip. A PAO is performed by creating three
periacetabular osteotomies and a controlled fracture
in order to completely mobilize the acetabulum from
the remaining pelvis®’. This allows for acetabular re-
orientation to provide greater coverage of the femoral
head. Our preference is to use the Birmingham Inter-
locking Pelvic Osteotomy (BIPO) which creates an in-
herently more stable construct and allows for immedi-
ate full weight-bearing postoperatively (Figure 3)5%8.
Meanwhile, the posterior column of the true pelvis re-
mains intact, which maintains stability through an in-
tact pelvic ring. Based on a systematic review, Lodhia
et al.5® found that arthroscopic treatment has resulted
in improved outcomes in patients with borderline dys-
plasia (LCEA between 18-25°), while PAO has mostly
been used successfully in patients with frank hip dys-
plasia. Despite these generalities, borderline dyspla-
sia must be approached with caution as many pa-
tients are excellent candidates for PAO or DFO given
enough markers of instability. Borderline dysplastic
patients are treated on a case-by-case basis and the
integrity of the articular cartilage is an important fac-
tor in the treatment algorithm.

The hip survival rate following a periacetabular os-
teotomy has been measured at 81.6% at a mean 9.2
years follow-up® and 60% at a mean 20.4 years fol-
low-up®”. Severe dysplasia, increased age at surgery,
and increased OA score (Ténnis grade) prior to
surgery are some of the factors that have been asso-
ciated with an increased risk of conversion to total hip
replacement57:60, After matching for age and gender,
a recent study®' showed that patients (average age
56.5 years) who undergo THA after a failed PAO
have worse outcomes (Harris Hip Score, ROM) com-
pared to patients who undergo primary THA for hip
dysplasia. Kalore et al.®2 recently showed that, in
middle-aged patients (30-50 years), PAO is associat-
ed with longer durations of pain and gait aids com-
pared with THA, though either of these procedures
can be expected to improve sports participation and
function to comparable levels. However, the minimum
follow-up was only four years in this study, and
younger patients undergoing primary THA would like-
ly need at least one revision in their lifetime. Further-
more, it is important to understand the differences in
recommended athletic pursuits after each surgical op-
tion. Arthroplasty will require the abandonment of all
impact-loading activities (running, contact sports, ten-
nis, skiing) while PAO, once healed, has no associat-
ed restriction on activity level.

Derotational femoral osteotomy is indicated for pa-

ball stable
»  underfoad.
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Figure 3 a-e. a) Model representation
of a periacetabular osteotomy (PAO)
indicating the rotational correction of
the acetabular fragment (blue arrow)
which creates normalized femoroac-
etabular joint contact forces (red ar-
row) and reduces superolaterally-di-
rected shear forces creating symp-
tomatic instability. b) Schematic dia-
gram of the Birmingham Interlocking
Pelvic Osteotomy (BIPO) indicating
location of ilium cuts (a, b, and c¢) and
interlocking construct following rota-
tion of central acetabular fragment.
This osteotomy is stable enough for
immediate full weight-bearing and, as
a result, results in less muscle atro-
phy and deconditioning. c) AP radio-
graph of a right hip with borderline ac-
etabular dysplasia predominantly due
to lateral and posterior deficiencies in
coverage. Note the short and inclined
acetabular roof or sourcil. d) AP ra-
diograph of a right hip following PAO
with cannulated screw fixation. Note
the degree of posterolateral coverage
gained by the procedure with normal-
ization of the relationship between the
anterior and posterior walls. €) AP ra-
diograph of a right hip following screw
removal from healed PAO.
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tients with significant symptomatic femoral antever-
sion (>40°) or retroversion (<-10°) (Figure 2). Pa-
tients with femoral anteversion (FA) often walk with
an internal foot progression angle and exhibit symp-
toms of hip instability due to functional anterior under-
coverage of the femoral head, while those with signif-
icant femoral retroversion often walk with an external
foot progression angle and exhibit symptoms of con-
comitant FAI. The majority of cases of FA sponta-
neously correct by age 883. Therefore, DFO is indicat-
ed in patients over the age of 8 with symptoms result-
ing from excessive FA. DFO may be performed using
an intertrochanteric or supracondylar osteotomy. The
intertrochanteric method has been shown to result in
a lower complication rate, more accurate correction of
the intoeing deformity, and a reduced need for post-
operative immobilization®4. Despite altering the rota-
tional alignment of the femur, the DFO procedure
does not significantly alter the lengths of the ham-
strings or adductors®® but does result in extensive re-
habilitation due to change in muscle direction and
function.

Arthroscopic evaluation

During hip arthroscopy, it is important to evaluate for
any articular cartilage or labral injuries resulting either
from a primary injury or as a secondary insult due to
underlying pathology. The patterns of articular carti-
lage and labral injuries differ between patients with
FAI and hip dysplasia, and therefore the intra-articu-
lar injuries may aid in the determination of the nature
of hip pathology. Kaya et al.®¢ performed a retrospec-
tive review of 100 consecutive hip arthroscopies and
noted a high incidence of full-thickness cartilage de-
fects in the anterior superior and middle superior
zones of the acetabulum in patients with FAI and bor-
derline dysplasia. In patients with joint laxity, partial-
thickness defects (grade 1 and 2) were dominant. Fi-
nally, in patients with acetabular dysplasia, full-thick-
ness defects extended to the posterior superior zone.
The incidence of full-thickness defects of the femoral
head was higher in patients with FAI and borderline
dysplasia compared to those with joint laxity and ac-
etabular dysplasia.

In another retrospective review, Tamura et al.” com-
pared differences in labral tear morphology between
patients with FAI, mild dysplasia (LCEA between 0-
20°), and severe dysplasia (LCEA <0°). Patients with
FAl and mild dysplasia were more likely to have
labral tears in the anterior and anterosuperior zones,
whereas those with severe dysplasia were more likely
to have tears in the anterosuperior and superior
zones. Tears associated with the base of the labrum
were more common in patients with FAI, whereas
tears associated with the body of the labrum were
more common in those with severe dysplasia. Fur-
thermore, the frequency of articular cartilage damage
adjacent to labral base tears was significantly higher
than cartilage damage adjacent to labral body tears.
The pattern of acetabular articular cartilage flap tears
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has also been investigated for instability and FAI,
with characteristic differences in tear morphology.
Whereas cam FAI typically results in an “outside-in”
pattern of articular cartilage damage, with a break in
the chondrolabral junction and a centrally based
flap®8, hip instability has been correlated with an “in-
side-out” pattern of cartilage damage, with preserva-
tion of the chondrolabral junction'® (Figures 4, 5).
This difference in articular cartilage injury is thought
to stem from the inside-out shearing mechanism of
injury in unstable hips as compared with the outside-
in impingement mechanism of FAI. We are currently
investigating whether the pattern of articular cartilage
injury is predictive of failure following isolated soft-tis-
sue surgery in the setting of borderline dysplasia.
Several Authors have advocated for arthroscopic
treatment of borderline dysplasia noting good to ex-
cellent short-term outcomes®46°. However, in our ex-
perience, this soft tissue-only approach yields deteri-
orating results after 6-12 months in patients who have
a predominantly “inside-out” pattern of articular carti-
lage injury. We speculate that the good to excellent
outcomes in the aforementioned studies are likely
due to an “outside-in” pattern of injury in their cohorts
of FAI patients who have borderline dysplasia. Addi-
tionally, the improvements seen in patient-based out-
come measures are lower in these cohorts with bor-
derline dysplasia when compared to arthroscopic
treatment of FAI without dysplasia.

Tears of the ligamentum teres may also contribute to
hip instability, particularly in patients with osseous in-
stability’”. LT tears may not always be appreciated on
preoperative imaging, so it is important to assess for
these injuries during arthroscopy. Botser et al.”®
found LT tears in 284 of 558 patients (51%) undergo-
ing hip arthroscopy for various pathologies. Overall,
3.7% of patients had a complete rupture, 43% had a
partial tear, and 4.5% had a degenerative tear. In an-
other study?!, the ligamentum teres was found to be
normal in 152 of 184 (83%) patients undergoing hip
arthroscopy for various hip pathologies. However,
complete ruptures were found to be present in 7 pa-
tients (3.8%), a prevalence nearly identical to that cit-
ed by Botser et al.’0. Patients with partial/degenera-
tive tears or complete rupture of the LT may undergo
LT debridement or reconstruction, respectively. LT re-
construction is typically indicated only for complete
ligament tears. The majority of techniques for LT re-
construction employ femoral tunnel drilling through
the peritrochanteric region and differ mainly with re-
gard to graft type or acetabular fixation. In contrast,
our group recently described an arthroscopic tech-
nique for reconstruction of the ligamentum teres with
graft fixation at the femoral head-neck junction?2.

Conclusions
Although hip instability is classically been associated
with developmental dysplasia of the hip, multiple oth-

er factors may contribute to an unstable hip. In addi-
tion to acetabular bony coverage, these factors in-
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Figure 4 a-f. a) AP radiograph of a pelvis in a 36-year-old female patient presenting with 6 month history of left groin pain

and mechanical symptoms, having failed conservative management. She has a history of childhood developmental dyspla-
sia of the hip (DDH) and her clinical examination is concerning for ligamentous laxity with a Beighton score of 7 as well as
left hip internal rotation of 30° with the hip at 90° of flexion, despite having a large cam deformity (white arrow). Note the
positive posterior wall sign with slight posterior acetabular deficiency. b) Axial CT scans of the left hip with overlapping im-
ages through the center of the femoral head, the lesser trochanter, and the distal femur. Femoral torsion measures 29° an-
tetorsion (normal 10-20° antetorsion). c) Axial CT scan of the left hip through the center of the femoral head indicating equa-
torial acetabular version to be 16° anteversion (normal 15-20° anteversion). Given the posterior wall deficiency, this value
underrepresents the true extent of anterior acetabular deficiency. d) Coronal proton density (PD) fat saturated (FT) image of
the left hip indicating enlarged labrum (white arrow), which serves as a marker of instability. Note the large lateral cam le-
sion with impingement cyst in the upper femur (orange arrow). e) Arthroscopic image of the left hip demonstrating instability
type “inside-out” articular cartilage flap tear (c) with preserved chondrolabral junction (red dashed line) and enlarged labrum
(black asterisk). Note that this pattern of injury is not what would be expected from cam-type FAI which typically results in a
break at the chondrolabral junction and an “outside-in” articular flap tear. FH = femoral head. f) Postoperative AP radiograph

of the left hip demonstrating restoration of the normal femoral head-neck contour with improved offset.

clude femoral torsion, femoroacetabular impinge-
ment, and soft tissue laxity. A number of physical ex-
amination tests and radiological parameters may be
used to correctly diagnose the pathology contributing
to a patient’s unstable hip. In distinguishing between
borderline and frank hip dysplasia, the lateral center
edge angle should be measured on plain radiogra-
phy, with angles between 20-25° indicating borderline
dysplasia and angles < 20° indicating frank dysplasia.
Patients with intra-articular pathology contributing to
hip instability may attempt a trial of conservative
treatment, including activity modification and physical
therapy. For patients whose symptoms continue or

350

worsen, surgical management is indicated. Surgical
treatment may include arthroscopic labral repair, cap-
sular plication, iliofemoral ligament reconstruction, or
osteotomy procedures such as a periacetabular os-
teotomy or a derotational femoral osteotomy. Patients
with borderline hip dysplasia generally improve with
arthroscopic treatment in the short term, however
some experience recurrent symptoms upon initiating
higher demand activities and are best treated with re-
alignment osteotomy. Patients with frank dysplasia
often require an osteotomy procedure and do poorly
with arthroscopic soft tissue procedures alone. In pa-
tients with concomitant iliopsoas tendinitis or snap-
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Figure 5 a-f. a) AP radiograph of a pelvis in a 40-year-old male patient presenting with 12-month history of left groin pain
and mechanical symptoms, having failed conservative management. His clinical examination is concerning for limited left
hip internal rotation of 5° with the hip at 90° of flexion, despite have a severely dysplastic acetabulum. Note the positive pos-
terior wall sign with posterior acetabular deficiency which, in conjunction with reduced lateral coverage, represents global
acetabular deficiency. b) Axial CT scans of the left hip with overlapping images through the center of the femoral head, the
lesser trochanter, and the distal femur. Femoral torsion measures 0° (normal 10-20° antetorsion), indicating relative retrotor-
sion, and accounting for the limited internal rotation seen on clinical exam. c) Axial CT scan of the left hip through the center
of the femoral head indicating equatorial acetabular version to be 22° anteversion (normal 15-20° anteversion). Given the
posterior wall deficiency, this value underrepresents the true extent of anterior acetabular deficiency. d) Three-dimensional
CT reconstruction of the left hip indicating a large cam lesion in the upper femur (white arrow). e) Arthroscopic image of the
left hip demonstrating enlarged and torn labrum consistent with instability. f) Arthroscopic image of the left hip demonstrating
full thickness “outside-in” articular flap with a break in the chondrolabral junction consistent with cam-type FAI. The impinge-
ment is further exacerbated by the femoral retrotorsion. The pattern of intra-articular injury in this hip supports both a diag-
nosis of impingement and that of instability.

ping hip syndrome, psoas tenotomy or lengthening
procedures should be avoided as these have been
shown to contribute to iatrogenic hip instability.
Future studies are necessary to determine long-term
outcomes of patients with borderline hip dysplasia
treated with a soft tissue-only approach versus os-
teotomy procedures. In addition, it is necessary to de-
termine which patients benefit from combined
arthroscopy and periacetabular osteotomy.
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