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Abstract
Objectives To undertake a systematic review of the morphologic features associated with hip microinstability and determine
whether there are suggestive or diagnostic imaging findings.
Methods Four electronic databases were searched up to September 2019 to identify original research reporting morphologic
features in individuals with either a clinical diagnosis of hip microinstability (instability without overt subluxation/dislocation) or
those with symptomatic laxity demonstrated on imaging (increased femoral head translation/distraction or capsular volume).
Studies focussing on individuals with pre-existing hip conditions (including definite dysplasia (lateral centre edge angle < 20°),
significant trauma, previous dislocation or surgery were excluded. Methodological quality was assessed by the Quality
Assessment of Diagnostic Accuracy Studies 2 tool.
Results Twenty-two studies met inclusion criteria (clinical diagnosis of microinstability n = 15 and demonstration of laxity n =
7). Imaging information gathered from the studies includes radiographs (n = 14), MRI (n = 6), MR arthrography (n = 4), CT (n =
1) and intraoperative examination. Most studies exhibited design features associated with an overall high or unclear risk of bias.
Some dysplastic features are associatedwithmicroinstability or laxity referencemeasures; however, microinstability is frequently
diagnosed in those with a lateral centre edge angle > 25°. Other associated imaging findings reported include impingement
morphology, anterior labral tearing, femoral head chondral injury, ligamentum teres tears and capsular attenuation.
Conclusions The current literature does not provide strong evidence for imaging features diagnostic of microinstability. In the
appropriate clinical context, dysplastic morphology, anterior labral tears and ligamentum teres tears may be suggestive of this
condition although further research is needed to confirm this.
PROSPERO registration CRD42019122406
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Introduction

With the evolution of hip arthroscopy, new perspectives on
the assessment and treatment of hip pathology have developed
resulting in a greater awareness of hip instability as a potential
cause for pain and dysfunction [1–6]. There is a spectrum of
hip instability, ranging from dislocation to microinstability.
Microinstability has been defined as extraphysiologic hip mo-
tion that causes pain [6], with the presence of pain differenti-
ating it from laxity. For the purpose of this review, the term
microinstability has been used broadly to include instability
without overt subluxation or dislocation, and/or increased lax-
ity in symptomatic individuals. Microinstability is increasing-
ly being recognised by clinicians as a cause of hip pain in
young adults; however, it is still a controversial entity and
objective criteria for the diagnosis are lacking [7].

The aetiology of microinstability of the hip is multifac-
torial [1]. Contributing factors include abnormal osseous
morphology, generalised hyperlaxity, capsular laxity and
traumatic and iatrogenic injury [1–5]. Reduced bony cov-
erage in hip dysplasia is associated with increased femoral
head (FH) translation [8–10] and premature development
of osteoarthritis (OA) [11]. A broad spectrum of alter-
ations in morphology and stability is present in dysplasia
[12] and the changes predisposing to microinstability may
be subtle [12, 13]. Femoroacetabular impingement (FAI)
morphology [14–16] and extreme range of motion activi-
ties [17–19] may lead to impingement, subluxation and
capsulolabral damage.

Labral and capsular damage result in increased FH transla-
tion and abnormal joint kinematics [20–23]. It is proposed that
the FH translation initiates a cycle of damage which is further
exacerbated by pain and muscle weakness [4]. Focal capsular
injury can be related to acute traumatic subluxation/disloca-
tion, previous hip surgery or repetitive microtrauma [1, 4, 24].
Microtrauma may cause atraumatic instability in athletes, par-
ticularly in sports which involve repetitive hip loading with
axial rotation such as ballet, gymnastics, figure skating, foot-
ball, martial arts and golf [4, 5, 25]. Cyclic stretching of the
anterior hip capsule has been demonstrated to increase hip
rotation and FH translation [26].

Although the examination findings may be suggestive of
microinstability, it is difficult to confirm this diagnosis preop-
eratively [27]. Diagnosis can be confirmed at surgery with the
ease of hip distraction, visualisation of capsular thinning or
capsular redundancy on manual probing [24, 28]. However,
there is a need to differentiate between microinstability and
impingement preoperatively as although the two conditions
often coexist [29], treatment options differ [30]. Targeted
physical therapy and capsular plication may improve hip sta-
bility [7, 31, 32] while unrepaired capsulotomy, rim trimming,
labral resection and ligamentum teres (LT) debridement can
exacerbate the instability [7, 33–36].

The purpose of this systematic review is to document any
morphological findings suggestive or diagnostic of
microinstability in individuals without pre-existing hip condi-
tions, significant trauma, previous dislocation or surgery.

Methods

Search strategy and selection criteria

This systematic reviewwas conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement [37] with protocol registered on
PROSPERO (CRD42019122406). The authors searched for
literature relating to or describing instability of the hip in
PubMed, MEDLINE (Ovid), Embase (1980-present) and
CINAHL Plus databases from inception through to 31
December 2018; the search was then repeated on 29
September 2019. Studies were limited to original peer-
reviewed research articles written in English, involving live
human subjects aged 13–64 years. Keywords included “hip”
with any of the following terms in the title/abstract: “instabil-
ity”, “microinstability” OR “subluxation”, with the aim of
identifying adolescents and adults with transient subluxation
of the hip. Studies were excluded if the subjects with
suspected microinstability had traumatic or syndromic insta-
bility; pre-existing hip conditions such as definite hip dyspla-
sia (as defined by a lateral centre edge angle (LCEA) of <
20°), Perthes disease, slipped capital femoral epiphysis and
arthritis; and neurological conditions, neuromuscular disor-
ders and previous hip surgery. Additionally, case reports in-
volving a single participant were excluded.

Following the searches, duplicates were first removed and
then titles and abstracts were assessed by two authors (RW
and RV) independently based on the above criteria. Any dis-
agreement was settled by discussion and consensus in consul-
tation with the senior author (DB). Full texts of the remaining
studies were then scrutinised carefully to identify studies
which included clinical diagnosis of microinstability (as de-
fined by the authors) or demonstration of increased FH
translation/distraction or capsular volume in symptomatic in-
dividuals, and morphologic features. Morphology considered
in this review included that demonstrated by any imaging
modality or intraoperative findings which would be visible
on imaging studies. On-topic papers found by hand-
searching reference lists were also included.

Data extraction

Each study was thoroughly reviewed, and the following data
were extracted: author, study design, number of participants
(and hips), demographics, imaging methods and study find-
ings (related to the review question).
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Risk of bias

The identified studies were assessed using the Quality
Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2)
tool [38] for bias by two authors (CB and SW) who rated them
independently prior to agreement of bias and applicability
ratings by consensus. This tool helps to determine the “qual-
ity” of a study by determining both the risk of bias across four
domains (patient selection, index test, reference standard, flow
and timing) and any “concern” regarding the applicability of
study to the research question. Case series that included no
descriptive statistics were not included in the risk of bias as-
sessment. Judgements weremade relating to each study’s abil-
ity to address the systematic review question from a diagnostic
framework, irrespective of the primary study aims. In this
case, this ability meant the strength of evidence provided by
the study to associate specific imaging findings and anatomi-
cal or pathological features with microinstability of the hip.
For this, the diagnosis or demonstration of instability was
regarded as the reference standard, and specific radiological
findings, including morphologic indices or observations of
pathology in combination or isolation, as the indices. To be
judged as fully applicable to the reference question, studies
were required to determine the relationship between the spe-
cific imaging findings and instability in subjects with clinical
hip symptoms. Studies which examined only those subjects
with clinically and/or surgically confirmed diagnoses of
microinstability were considered separately. The criteria used
by the authors for determining the level of potential bias (low,
high or unclear) and applicability judgements using the
QUADAS-2 tool are detailed in Appendix A in the
Supplementary information.

Results

Search results

The initial search showed 2441 studies which could be includ-
ed (Fig. 1). After removing duplicates and screening study
titles and abstracts, 2339 studies were excluded. Another 83
studies were excluded after reviewing the full text. This re-
sulted in 19 eligible studies with three additional studies added
due to citation tracking, making the total 22 for qualitative
synthesis.

Study characteristics

The majority of studies (77%, n = 16) included subjects un-
dergoing hip arthroscopy or orthopaedic examination [7, 28,
39–52]. Two studies were of radiology patients being assessed
for hip pain [53, 54]. The remaining four studies recruited

ballet dancers, analysed as a single group [55, 56] or com-
pared with non-dancer controls [17, 18].

A clinical diagnosis of microinstability was made in 15 of
the 22 studies; the number of subjects ranged from 2 to 82 and
all subjects were symptomatic except in the study by
Roderiguez et al. [55] (Table 1). Microinstability was more
common or pronounced in women [7, 28, 39, 41, 45, 48, 49,
51, 53, 56]. Variable diagnostic criteria for microinstability
were employed: a single physical examination finding (n =
3) [41, 42, 55]; multiple examination findings (n = 3) [43, 44,
52]; intraoperative confirmation (n = 8) [7, 28, 45, 46, 49–51,
57]; criteria was not reported (n = 1) [48] (Appendix B in the
Supplementary information). Only seven of these 15 studies
directly evaluated the relationship between instability and
morphologic features as the primary objective [7, 28, 41, 45,
49, 50, 52] and in three of these studies, radiological parame-
ters were used to allocate participants to study groups [28, 45,
52]. In three studies, indirect indicators of instability such as
LT tears [46, 57] and labral hypertrophy [42] were primarily
assessed. The remaining studies which did not include a clin-
ical diagnosis (n = 7) reported the relationship between struc-
tural features and FH translation [17, 18, 56], FH traction [39,
47, 53] or capsular volume [54].

Imaging information gathered from the studies includes
radiographs (n = 14) [7, 28, 39, 41, 44–46, 48, 50–52, 54,
56, 57], MRI (n = 6) [17, 18, 41, 43, 44, 54], MR arthrography
(n = 2) [49, 54], tractionMR arthrography (n = 2) [47, 53], CT
(n = 1) [42] and intraoperative examination (n = 7) [28, 42, 43,
45–47, 52] (Table 1). The most commonly described features
were dysplastic and impingement morphology, chondrolabral
and LT pathology and capsular attenuation.

Risk of bias

A total of 20 studies were assessed using the QUADAS-2 tool
(see Table 2), the remaining two [43, 44] being case reports
which did not provide any descriptive statistics that allowed
the accuracy of imaging findings compared with the reference
standard to be determined. Most studies (n = 13) [7, 17, 18,
40, 41, 45, 46, 48, 49, 51, 52, 55, 56] were judged to have high
risk of bias across at least two of the four domains (patient
selection, index test, reference standard, flow and timing)
evaluated with the QUADAS-2 tool. Selection bias and appli-
cability concern were often rated as high due to inadequate
reporting of participant selection into the study, particularly
for control groups, and due to comparison of groups poten-
tially at either extreme of the diagnostic continuum (e.g. in
cohort subgroup analyses or case-control designs). Another
common inadequacy, reflected in the assessment of bias for
the index test(s) (imaging findings) or reference standard (di-
agnosis of instability), was a lack of information about the
procedure used to determine either measure. Studies common-
ly failed to report objective assessment criteria, design features
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such as independent rating by multiple observers or blinding
of measurement of indices to diagnostic reference or vice
versa.

Dysplastic morphology

Of the 22 studies included, three stated dysplastic subjects
were excluded [7, 39, 48]. In studies identifying dysplasia,
the radiographic LCEA was the most commonly reported pa-
rameter utilised and was often the sole criterion for labelling
subjects as dysplastic [28, 42, 46, 50, 52]. Where the LCEA or
Wiberg centre edge angle (WCEA) was reported, often the
method of measurement was not clearly stated [7, 42, 46,
51, 52, 57]. The LCEA cut-off values for dysplasia also varied
from LCEA < 25° [28, 42, 46], < 20° [50, 52] and < 18° [39,
48] with some studies identifying a borderline category
(LCEA 20–25°) [28, 52]. Several studies also utilised an in-
creased Tonnis angle, also known as acetabular index, in com-
bination with a LCEA < 25° to identify dysplasia [7, 39, 48].

In the reviewed studies, the clinical diagnosis of
microinstability was not confined to those with a LCEA <
25° [7, 28, 41, 45, 51]. In Shibata et al. [28], 21% (12/57) of
subjects with clinical instability had an LCEA < 25° while in
Kalisvaart et al. [7], 29% (9/31) had dysplasia defined by an
LCEA < 25° and acetabular index > 10. In Suter et al. [53],
although subjects with positive joint space distraction had
significantly smaller LCEA than the control group, their mean
LCEA was 34.6°. In five studies, no association was demon-
strated between the LCEA and instability measures [7, 28, 39,

54, 57]. Findings were mixed for other dysplastic morphology
parameters. Significant increases in acetabular index were
present in those with full-thickness LT tears [46] but no sig-
nificant relationship was demonstrated between instability
measures and acetabular index [7, 46, 54, 56]. Dysplastic fea-
tures such as a smaller overall transverse centre edge angle
(CEA) and increased neck shaft angle were associated with
positive joint distraction [53].

Only one study in the review directly examined the rela-
tionship of laxity/instability and acetabular version [53]. No
significant difference in acetabular version (assessed on MR
arthrography at three levels) was demonstrated between those
with positive joint distraction and no distraction [42, 53].

Impingement

In several studies, lack of impingement morphology was one
of the criteria for the diagnosis of microinstability [45, 52].
Concavity at the lateral FH neck junction on AP pelvis radio-
graph, termed the cliff sign, was present in the majority of
subjects with microinstability [50]. In contrast, other studies
demonstrated significant relationships between an increased
alpha angle and positive hip distraction [53], increased stiff-
ness [39] and laxity inferred by a positive dial test [55]. No
relationship has been shown between alpha angle and capsular
volume [54] or labral hypertrophy [42].

FH subluxation occurred in ballet dancers in the splits po-
sition, inferring impingement-induced instability at extreme
ROM [17, 18, 56]. In Mitchell et al. [56], the mean lateral
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Full-text articles excluded
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5 Review/commentary

1 Single case report

24 Not meeting criteria*

15 No imaging relevance†

22 Definite dysplasia ‡

Fig. 1 PRISMA flow diagram for
search results and study selection.
Single asterisk (*) means did not
include clinical instability or
femoral head translation, single
dagger (†) indicates no
morphological features linked to
microinstability of the hip and
double dagger (‡) means as
defined by a lateral centre angle <
20°
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Table 1 Summary of included studies

Author Study design Study population
hips n; sex n; age mean (SD or
range)

Modality of assessment of
morphological parameters

Relevant results

Abrams et al.
2017

Case-control Individuals with hip pain
- Instability
n = 5; 5 F; 30.8 (14.0) years
- Comparison FAI
n = 12; 3 F + 9 M; 34.5 (12.2)

years

XR and intraoperative
synovial biopsy

- Synovitis or inflammatory infiltrate present in
both instability and FAI groups but less
inflammation in more distractible joints
(p = 0.005)

- No difference in mean LCEA (SD) between in-
stability group (28.6 (4.8)) and FAI group (30.9
(6.2)) (p = 0.474)

Bellabarba
et al. 1998

Single group
comparison

Individuals with painful coxa
saltans

n = 5; 4 F + 1 M; [25–36] years
- Sx side
- Asx side

XR and fluoroscopy - Audible pop, subluxation of FH and vacuum
phenomenon at fluoroscopy on gentle traction
of Sx side but not Asx side

- 4/5 had generalised laxity
- All had slightly lower CEA and higher Sharps

angle on Sx side vs. Asx side

Blakely et al.
2010

Case-control and
single group
means within
case series

Individuals with groin pain and
suspected hip instability

n = 11; 6 F + 4 M; 31 (21–47)
years

- Comparison
- Asx side

XR and dynamic MRI 1.5 T - Describes laxity, capsular attenuation and
thinning of iliofemoral ligament at lateral
attachment on MRI

- No significant translation demonstrated with
increasing external rotation

- Mean CEA 33.4 (23.3–50.6)

Bruce et al.
2002

Case reports Individuals with hip pain and
osteochondral injury after
minor trauma

n = 3; 1 F + 2 M; [28–45] years

XR, scintigraphy, CT, MRI
for 1 and intraoperative
assessment for the other 2

- Pattern of injuries consistent with transient
subluxation

- Increased radioisotope uptake at iliofemoral
ligament attachment sites

- Anterior labral tear in patients with mild
dysplasia

- 2/3 had osteochondral injuries

Cerezal et al.
2015

Cohort group
analysis

Individuals with hip pain who
were treated arthroscopically
within 1 month of a traction
MRA

n = 184; 76 F + 108 M; 32.6
(19–53) years

Traction MRA 1.5 T and
intraoperative assessment
of LT

- Mean distraction increased with full-thickness
LT tear (p = 0.001)

- TractionMRA high sensitivity and specificity for
full-thickness tears; moderate sensitivity and
high specificity for partial-thickness tears

- More false positives and negatives with LT
degeneration

Chahla et al.
2016

Cohort subgroup
analysis

Individuals undergoing primary
hip arthroscopic surgery for
the treatment of FAI

- Normal LT
n = 233; 92 F + 141 M; 33 (12)

years
- Full-thickness LT
n = 33; 22 F + 11 M; 39 (22)

years

XR and intraoperative
assessment of LT and
chondrolabral damage

- Laxity more frequent in those with full-thickness
LT tear (27%) than intact LT (9%; p = 0.007)

- Full-thickness LT tear also 3×more likely to be F
(p = 0.004); more common with a CEA < 25
(p = 0.001); more common with mean AI
(p = 0.009); 3.1× more likely to have FH carti-
lage defect (p = 0.013)

- Number of acetabular chondral defects, presence
and size of labral lesions similar between groups

Duthon et al.
2013

Case-control - Ballet dancers
n = 39; 20 F; 26 (18–39) years
- Active healthy age-matched

controls
n = 28; 14 F; 27 (20–34) years

MRI supine 1.5 T andMRI in
the forward splits
position-dancers only

- Dancers hadmean FH subluxation of 2.05 mm in
splits

- Only one dancer had FAI (cam) morphology
- Dancers slightly lower NSA than controls

(p = 0.003)
- Cartilage lesions twice as frequent and severe in

dancers (75%; 29/39) than controls (28%; 8/28;
p = 0.037)

- No significant difference in acetabular
depth/version, AA and femoral neck version

- Incidence of labral lesions comparable (85%
(33/39) vs. 85% (24/28); p = 1)

- No correlation with dancers’ pain and range of
motion or bony morphology

Frank et al.
2016

Cohort group
analysis

Individuals with clinical FAI XR and MRA 1.5 T
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Table 1 (continued)

Author Study design Study population
hips n; sex n; age mean (SD or

range)

Modality of assessment of
morphological parameters

Relevant results

n = 97; 53 F + 44 M; 32.21
(8.99) years

- Males have larger total capsular, FH and true
capsular volumes compared with females (each
p < 0.01)

- No significant relationship between capsular
volume and AA > 50, WCEA < 25 and AI > 10
or < 0

Kalisvaart
et al. 2017

Single group
nested

Individuals treated for
microinstability

n = 31; 31 F; 27 (14–49) years
note: 6 patients had prior

arthroscopy

XR - Only 32% had Beighton score of ≥ 2 or more
- Only 29% dysplastic (XRLCEA 18–25, AI > 10)
- Median LCEA 28 (18–37)

Kapron et al.
2018

Cohort group
analysis

Individuals undergoing primary
hip arthroscopic surgery for
the treatment of FAI

n = 101; 61 F + 40M; F 30 (10)
years M 35(11) years

XR and intraoperative
assessment of labrum

- On univariable regression, AA, Beighton score,
hamstring flexibility and sex were correlated
with force required to distraction at arthroscopy.

- However, on multivariable regression, only sex
was correlated with force (p = 0.001) with males
requiring greater force.

- LCEA and presence of labral tear were not
correlated with stiffness to distraction.

Kapron et al.
2019

Cohort group
analysis

Individuals undergoing primary
hip arthroscopic surgery for
the treatment of FAI

- Plication
n = 21; 21 F; 35 (11) years
- No plication
n = 79; 39 F + 40 M; 34 (13)

years

XR and intraoperative
assessment of
chondrolabral damage

- Over 90% cohort had chondrolabral damage
between 12:30 and 2:30.

- Severe cartilage (p = 0.022) and labral damage
(p = 0.046) increased with radiographic cam
deformity but was not related to radiographic
measures of acetabular coverage.

- 21/100 had capsular plication for instability.
- Comparing the plication group with the

remainder—LCEA mean was 22 plication vs.
27 other (p = 0.004); LCEA median was 21 vs.
28; range 10–33 vs. 11–44.

- Femoral cartilage damage similar: 2/21 vs. 8/79
- Chondrolabral junction anterior labral at 3–4

o’clock: 5/21 vs. 17/79
- Chondrolabral junction anterior cartilage at 3–3.5

o’clock: 12/21 vs. 57/79
- No increase in isolated chondral damage in

plication group

Kaya et al.
2016

Cohort group
analysis

Individuals undergoing primary
hip arthroscopic surgery

n = 100; 66 F + 34 M; 47.2
(18–76) years

- FAI (n = 54)
- Laxity (n = 20)
- Dysplasia (n = 10)
- BD (n = 16)

XR used to assign to
subgroups and
intraoperative assessment
of chondrolabral damage

- Pattern of articular cartilage damage differed
depending whether in FAI, laxity, BD (LCEA
20–25) or dysplasia (LCEA < 20) group

- Anterosuperior and middle superior acetabulum
most frequently involved in all groups

- Dysplasia also frequently posterosuperior
- Laxity and dysplasia groups had fewer FH

cartilage lesions than FAI and BD.
- Laxity group primarily had partial-thickness

cartilage damage while FAI, dysplasia and BD
cartilage lesions were predominantly full thick-
ness.

Kolo et al.
2013

Case-control - Professional ballet dancers
n = 59; 30 F; 24.6 (18–39) years
- Asx non-dancers
n = 28; 14 F; 27.1 (20–34) years

MRI supine 1.5 T andMRI in
forward splits
position-dancers only

- Dancers hadmean FH subluxation of 2.05 mm in
splits.

- Only one dancer had FAI (cam) morphology.
- Cartilage lesions > 5 mm more frequent in

dancers (29%; 17/59) than non-dancers (7%;
2/28; p = 0.026)

- Labral tears not significantly different between
the groups (47% (28/59) vs. 29% (8/28);
p = 0.095)
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Table 1 (continued)

Author Study design Study population
hips n; sex n; age mean (SD or

range)

Modality of assessment of
morphological parameters

Relevant results

- Herniation pits more common in dancers and
present in region of bony contact in splits
(p = 0.002)

Magerkurth
et al. 2013

Cohort group
analysis

Individuals assessed for
capsular laxity at arthroscopy
with preoperative MRA

- Positive for laxity
n = 17; 12 F + 5 M; 30 (15–55)

years
- Negative for laxity
n = 10; 5 F + 5 M; 39 (19–61)

years

MRA 3 T - Laxity group had thinner anterior capsule
(2.5 mm vs. 3.3 mm; p = 0.0043) and wider
anterior recess width (mean 5.8 mm vs.
3.6 mm; p < 0.0001).

- No difference in thickness of zona orbicularis
between groups

- No significant difference in volume of contrast
injected for each group

- No correlation between width of recess and
amount of contrast used

Martin et al.
2012

Single group
nested

Individuals with FAI, labral
tears and full-thickness LT
tear at arthroscopy

n = 20; 13 F + 7M; 41.3, 22–61
(12.6) years

XR - All had laxity at dynamic testing during
arthroscopy.

- On follow-up, 5/9 patients had subjective insta-
bility with “inferior acetabular insufficiency”
but no pattern of increased NSA, low LCEA or
abnormal AI demonstrated.

Mitchell
et al. 2016

Single group
correlational

Professional ballet dancers
n = 47; 26 F + 21 M; 23.8 (5.4)

years

XR in splits position - 42/47 ballet dancers FH translated laterally on
radiograph in splits. Mean subluxation
1.41 mm (p = 0.035).

- Moderate negative correlation between
subluxation distance and NSA (r = −0.332;
p = 0.022)

- Strong positive correlation with splits HCP and
AA on Dunn view (r = 0.461; p = 0.001);

- 17/47 had vacuum phenomenon, present in more
F than M (p = 0.026).

- Females- moderate negative correlation with
subluxation distance and NSA but no signifi-
cant correlation with splits HCP and radio-
graphic parameters of FAI or dysplasia

- Males- splits HCP increased with decreased
WCEA, ACEA, AI and FH extrusion index but
no significant correlation between subluxation
distance and these parameters

Nwachukwu
et al. 2019

Case-control
nested

Individuals undergoing primary
hip arthroscopic surgery for
the treatment of FAI.

- Labral hypertrophy
n = 39; 29 F:10 M; 30.6 (10.8)

years
- Age, sex and BMI

matched-controls
n = 39; 29 F:10 M; 30.7 (10.4)

years

XR, CT and intraoperative
assessment of labral
hypertrophy

- Those with labral hypertrophy (width > 4 mm)
had increased internal rotation of hip in flexion
compared with controls (p = 0.004).

- Labral hypertrophy group had smaller LCEA
(p < 0.001) and larger AI (p < 0.04) than the
control group but were not dysplastic (mean
LCEA 27.6, AI mean 6.61).

- No difference in CT measurements between
groups for AA, femoral NSA, acetabular
version and femoral version

Oh et al.
2007

Case reports Individuals with history
suggestive of hip subluxation
after minor trauma

n = 2; 2 M; 29 and 35 years

MRI (case 1 only) and
intraoperative assessment

- Case 1: MRI T2 hyperintensity around LT. At
arthroscopy, partial-thickness LT tear, anterior
labral tear and osteochondral lesion of acetabu-
lum

- Case 2: At arthroscopy, partial avulsion of the LT
at femoral attachment with adjacent FH
osteochondral lesion

Packer et al.
2018

Cohort group
analysis

Individuals undergoing primary
hip arthroscopic surgery

47 F + 49 M
- Microinstability

XR - 89% of patients with microinstability had a cliff
sign, compared with 27% of patients without
instability (p < 0.0001).

Skeletal Radiol



translation of the FH on splits radiograph compared with
standing AP pelvis was 1.41 mm; FH subluxation distance
in the splits position increased with decreased neck shaft angle
(p = 0.022) but not with radiographic parameters of FAI or
dysplasia.

Chondrolabral pathology

Chondral and labral pathology was described in those with
clinical instability [28, 43, 44, 48, 52] in relation to LT tearing
[46] and distraction of the joint on traction MR arthrography
[53]. In cohorts undergoing arthroscopy for FAI, the

acetabular chondral pathology was frequently near the
chondrolabral junction [28, 48] and was predominantly
anterosuperior in distribution [28, 48, 52]. In Shibata et al.
[28], subjects with a normal LCEA, whose primary clinical
diagnosis was microinstability, had more anterior chondral
and labral damage (particularly straight anterior 3 to 4
o’clock) than any of the FAI groups [28]. Increased anterior
labral tearing in microinstability compared with FAI was not
reported in the other included studies although it is noted that
Suter et al. [53] did not evaluate the labrum at 3 or 4 o’clock.

An increase in the proportion of partial thickness rather
than full-thickness acetabular chondral lesions is reported in

Table 1 (continued)

Author Study design Study population
hips n; sex n; age mean (SD or

range)

Modality of assessment of
morphological parameters

Relevant results

n = 44; 31.4 (10.9) years
- No microinstability
n = 52; 35.9 (12.9) years

- 74% of patients with a cliff sign had
microinstability, while only 12% of patients
without a cliff sign had instability (p < 0.0001).

- Cliff sign sensitivity 89% and specificity 73%
- All the young women (< 32 years) with a cliff

sign were diagnosed with microinstability.

Rodriguez
et al. 2019

Single group Asymptomatic professional
ballet dancers

n = 82; 44 F + 38 M; 28.6
(17–42) years

Ultrasound - Positive dial test bilaterally in 59 dancers
- Association of isolated cam and positive dial test

on the right (p < 0.001)

Shibata et al.
2017

Cohort group
analysis

Individuals undergoing primary
hip arthroscopy for FAI
and/or instability

- Instability alone
n = 45; 41 F + 4 M; 26.3 (8.9)

years
- Instability BD
n = 12; 12 F; 33.2 (9.4) years
- Pincer FAI
n = 100; 78 F + 19 M; 32.1

(10.5) years
- Cam FAI
n = 54; 15 F + 38 M; 30 (10.7)

years
- Combined FAI
n = 269; 84 F + 162 M; 31.8

(9.8) years

XR and intraoperative
assessment of
chondrolabral damage

- Instability only: 42.2% chondral/labral lesions
straight anterior (2–4:00) significantly more
than all 3 FAI groups; 15.6% anterior to lateral
(3–11:00) significantly less than all 3 FAI
groups; 11.1% lateral (1–11:00) significantly
more than pincer and combined;

- All instability alone patients with anterior lesions
had chondrolabral separation type tear.

- Instability BD group- no statistically significant
pattern of labral-chondral damage

- Mean width of acetabular rim cartilage lesion in
instability alone (2.9 mm) significantly
narrower than in the FAI groups p < 0.001 and
less severe

Suter et al.
2015

Case-control
nested in cohort

Individuals with hip pain
referred for MRA

- Hips with positive distraction
n = 50; 36 F + 14 M; 41.2

(20.6–68.3) years
- Hips without distraction

matched by age and gender
n = 50; 36 F + 14 M; 41.0

(21.3–71.2) years

Traction MRA - Patients with positive joint space distraction had
on MRA higher NSA (134.1 vs. 131.6°;
p < 0.05), smaller LCEA (34.6 vs. 38.1,
p < 0.05), smaller overall transverse CEA
(153.6 vs. 161.4, p < 0.001), higher AA (59.2
vs. 53.5, p < 0.01) and a thicker LT (5.4 mm vs.
4.7 mm, p < 0.05)

- No significant differences in acetabular version,
extrusion index, capsular thickness, tearing of
LT or labral tears at 10:00, 12:00 and 2:00

- No abnormality in iliopsoas

SD standard deviation;FAI femoracetabular impingement; LCEA lateral centre edge angle;XRX-ray; Sx symptomatic;Asx asymptomatic;MRImagnetic
resonance imaging; LT ligamentum teres; MRA magnetic resonance angiography; FH femoral head; NSA neck shaft angle; AA alpha angle; WCEA
Wibergs centre edge angle; CEA centre edge angle; ACEA anterior centre edge angle; AI acetabular index or Tonnis angle

Skeletal Radiol
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the microinstability groups comparedwith those with FAI [28,
52] and dysplasia [52]. In one study, the acetabular rim
chondral damage was narrower in the instability alone group
and associated with tearing at the chondrolabral junction, dif-
fering from the intrasubstance tearing present in FAI [28].

Conflicting findings are reported for an association be-
tween laxity and FH chondral damage. Although full-
thickness LT tears were associated with capsular laxity and
more frequent FH chondral lesions in one study [46], Kaya
et al. [52] detected fewer FH cartilage lesions in the laxity
group. The proportion of subjects with FH cartilage damage
was similar in those treated with capsular plication compared
with the rest of the surgical cohort in Kapron et al. [48] (n = 2/
21 vs. 8/79).

Duthon et al. [18] and Kolo et al. [17] compared supine
MRI findings of professional ballet dancers and healthy non-
dancing controls. Both found cartilage lesions were more fre-
quent and severe in dancers compared with the controls; how-
ever, the incidence of labral pathology in the two groups was
comparable [17, 18], see Table 1.

In two small case reports [43, 44], the subjects had a pattern
of injuries consistent with transient subluxation after minor
trauma such as tripping or twisting injuries; four out of five
subjects had labral tears, three were anterior and one more
extensive; three out of five had osteochondral injuries, and
two involved the FH.

Ligamentum teres

The incidence of complete LT tears at arthroscopy was 1.5%
(33/2213) in Chahla et al. and 3.8% (7/1084) in Cerezal et al.
but partial tears varied between 13.6% (25/184) in Cerezal
et al. and 88% (1947/2213) in Chahla et al. [46, 47]. Tearing
of the LT was associated with laxity, indicated by increased
distraction on traction MR arthrography [47], capsular prob-
ing at arthroscopy [46] and dynamic evaluation at arthroscopy
[40]. Additionally, LT tears were present in subjects with
suspected subluxation after minor trauma [43]. Cerezal et al.
[47] stated the degree of distraction on traction MR
arthrography increased significantly with partial and complete
LT tear compared with an intact ligament (p = 0.001) while
Suter et al. [53] reported thickening of the LT in the group
with positive distraction on traction MR arthrography (p <
0.05), and no complete tears were identified [53].

Capsule

The capsule thickness was assessed on MRI [41], MR
arthrography [49] and traction MR arthrography [53] with
varying findings. Both Blakely et al. [41] and Magerkurth
et al. [49] report thinning of the lateral aspect of the an-
terior capsule in subjects with clinical microinstability.
Blakely et al. [41] assessed the capsule on MRI withT
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increasing external rotation and described capsular atten-
uation, thinning of the iliofemoral ligament at its lateral
attachment and undulation suggesting laxity; however, no
objective measures of capsular thickness were reported.
Magerkurth et al. [49] recorded the minimal thickness just
lateral to the zona orbicularis on MR arthrography as well
as the maximal width of the anterior and posterior joint
recesses lateral to the zona orbicularis at the level of the
FH [49]. Laxity was associated with thinning of the lateral
part of the anterior capsule (< 3 mm) and widening of the
anterior joint recess (> 5 mm), although there was a lack
of standardisation to the degree of capsular distension
[49]. Suter et al. [53] measured the thickness at the mid-
point of the superior and inferior bands on distraction MR
arthrography and did not demonstrate capsular thinning in
those with positive hip distraction.

Discussion

A large number of imaging features have been proposed to
suggest a diagnosis of hip microinstability [3, 4, 58]. This is
the first study to systematically examine the evidence
supporting a relationship between a clinical diagnosis of
microinstability and specific imaging findings. It has identi-
fied several possible relationships between morphological fea-
tures and microinstability which warrant further investigation.

In most of the reviewed studies, the evaluation of bony
morphology was limited, with an emphasis on the radiograph-
ic parameters. There was a heavy reliance on the LCEA, to
identify dysplasia [7, 28, 40, 42, 46, 50, 52] and limited infor-
mation about other dysplastic features. The LCEA does not
give an indication of the anterior or posterior coverage of the
FH or congruency of the FH and acetabulum and thus may
underestimate dysplasia [12, 13, 30, 59, 60]. In dysplasia, the
risk of instability can be classified as primarily anterior, pos-
terior or global/lateral but this requires 3D assessment of bony
morphology [12]. Although the LCEA is reduced in the global
subtype of dysplasia, it may be normal in those with anterior
or posterior instability [12]. Overall, there is insufficient evi-
dence in identified studies to determine if the presence of
microinstability in individuals with a normal LCEA solely
reflects the impact of soft tissue factors on hip stability or
whether there is a contribution from osseous deficiency which
has not been documented. It is important to note that while
there is an association between laxity and dysplastic features
such as a decreased LCEA and increased neck shaft angle
[53], the clinical diagnosis of microinstability is not limited
to those with an increased global laxity score [7] or those
classified as dysplastic [7, 28, 41, 45, 51].

Although increased femoral antetorsion may contribute to
anterior instability, particularly in combination with increased
acetabular anteversion [3, 12, 58, 61], this review fails to
clarify the relationship between microinstability and acetabu-
lar or femoral version. Acetabular retroversion or cam mor-
phology is thought to contribute to posterior instability [2, 16,
62]. In this review, cam morphology was associated with in-
creased FH distraction [53] and was common in ballet dancers
with a positive dial test [55] supporting an association with
increased laxity. Included studies demonstrating FH transla-
tion in the splits [17, 18, 56] support impingement-induced
capsulolabral damage at extreme ROM even without cam
morphology. However, no clear relationship between im-
pingement and a clinical diagnosis of microinstability was
demonstrated.

The cliff sign described by Packer et al. [50] identified
subjects who instead of cam morphology had relative concav-
ity in the contour of the FH laterally. These authors correlated
this finding with the clinical diagnosis of microinstability [50].
The applicability of this finding to the wider population is
unclear. Although capsular laxity has been proposed as a

Fig. 2 A 32-year-old woman with dysplasia presents with left hip pain. a
AP radiograph demonstrates moderate reduction in the superolateral
femoral head coverage bilaterally and superolateral subluxation of the
femoral head on the left with disruption of Shenton’s line (arrow). b
Axial oblique fat-supressed PD MR image suggests subtle anterior shift
of the femoral head is present with a posterior crescent of fluid (arrows)
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possible explanation for clinical findings suggestive of FAI in
the absence of impingement morpho logy [63] ,
microinstability should not become a default diagnosis.
Some authors have suggested that indicators of FH migration
such as a break in Shenton’s line (Fig. 2) and a positive cres-
cent sign (Fig. 3) prove hip instability [30]; however, none of
the included studies evaluated these parameters.

The pattern of chondrolabral injury has been proposed as a
way of differentiating whether the dominant pathomechanics
are impingement or instability [64]. Laterally hinged flaps are
postulated to develop due to outwardly directed shear forces
caused by FH subluxation in dysplasia [64–66]. No single
pattern of chondrolabral injury emerged in the review. Inside
out chondral flaps were not described though several studies
reported an inside out chondrolabral shearing injury with an
anterior distribution [28, 44] rather than the typical anterior
superior distribution in FAI [28, 48, 52]. Although the evi-
dence for an association with microinstability in this review is
mixed [46, 48, 52], a relationship between focal FH chondral
damage and transient subluxation or microinstability is plau-
sible (Fig. 4).

The role of the LT is incompletely understood but there is
increasing acceptance of its contribution to the stability of the
hip [67]. This is supported by the review studies where insta-
bility was associated with LT thickening [53] and LT tears
[40, 44, 46, 47]. Traumatic rupture of the LT, a recognised
cause of pain [68], most frequently occurs after major trauma
but may also be present after minor trauma such twisting in-
juries [68] as seen in Oh et al. [43]. Complete LT tears are
uncommon in subjects undergoing arthroscopy and are more
common in women, those with a lower CEA and capsular
laxity [46]. The ligament may have a more important role only
in those who have risk factors for instability such as general-
ised hypermobility, osseous deficiency or capsular laxity
(Fig. 5). Alternatively it is possible that atraumatic LT pathol-
ogy is a consequence rather than a cause of microinstability as
LT hypertrophy and tearing are often present in hip dysplasia
[69], gymnasts [70] and ballet dancers [71] and may be
asymptomatic [71].

Capsular thinning, labral hypertrophy and hypertrophy of
anterior periarticular muscle have also been proposed as indi-
cators of joint instability [72–74]. In this review, focal anterior

Fig. 3 A 45-year-old woman
with right hip pain and clinical
microinstability. a AP radiograph
shows no overt femoral head
subluxation. There is a borderline
reduction in the right LCEA (22°
shown in white), and acetabular
index is increased (14° shown in
black). b Axial T1-weighted MR
image shows decreased anterior
coverage of the femoral head with
27° acetabular anteversion. c
Axial oblique fat-suppressed PD
image shows fluid separating the
joint surfaces posteriorly, termed
the posterior crescent sign
(arrows) indicating subtle anterior
femoral head shift and complex
anterior labral tearing (circle)

Skeletal Radiol



capsular redundancy was described at arthroscopy [46], but
there was no strong evidence for capsular thinning visible on
MR imaging [49, 53]. In Nwachukwu et al. [49], labral hyper-
trophy was associated with a smaller LCEA and increased
acetabular index; however, there was no direct relationship
with microinstability [53]. The only study in the review to
evaluate the periarticular muscles reported no increase in the
thickness of iliopsoas in those with positive hip distraction
[53].

Both iliopsoas impingement [75, 76] and microinstability
[28] have been associated with isolated anterior labral tearing.
Dynamic overload of the hip flexors and abductors stabilising
the hip in those with instability is thought to predispose the
subject to iliopsoas tightness, tendinitis and painful internal
snapping [1, 5, 25] as presented by Bellabarba et al. [51].

When iliopsoas impingement is suspected, it is important for
radiologists to document whether there are factors suggestive
of microinstability as surgical iliopsoas lengthening can result
in muscle weakness [77] and atrophy [78] potentially further
compromising hip stability [79–81].

The majority of studies included in this review have an
overall unclear or high risk of bias. None were designed as
diagnostic accuracy studies. Thus, our critique should not be
viewed as flaws in the original studies, but indicators of how
confident we can be in interpreting the evidence in a way that
lends weight to the review question. The lack of a clear diag-
nostic standard made it difficult to determine either whether
the diagnostic reference was able to correctly classify the con-
dition, or if it was applicable to the review research question.
Hip symptoms were an essential feature of this review, hence
ratings of high applicability concern for asymptomatic dancers
[17, 18, 55], even when subluxation was demonstrated in
extreme range of motion [17, 18]. The information gained
from the surgical case series is limited by the influence of
morphology on surgical selection and the use of FAImorphol-
ogy or dysplastic features to assign subjects to subgroups [28,
52]. Studies differentiating participants based on objective

Fig. 4 A 21-year-old woman with ongoing right groin pain and an
intermittent sensation of clicking and giving way after jarring right hip
while running. a AP radiograph shows no femoral head subluxation;
however, there are features which suggest an increased risk of
instability. The femoral neck shaft angle is increased (148° shown in
black) and the acetabulum appears to have a reduced volume, although
the LCEA is within the normal range (25° shown in white). b CT image
with the femoral head, distal neck and femoral condyles superimposed
demonstrates markedly increased femoral antetorsion (57°). cAn axial T1
MR arthrogram image shows reduced anterior coverage, focal
subchondral sclerosis with intact overlying cartilage (white arrow) in
keeping with a subacute traumatic bone injury and slight decentering of
the femoral head with a posterior crescent of fluid (black arrows)
consistent with anterior microinstability

Fig. 5 A 27-year-old woman with right hip pain after tripping has an
increased Beighton’s generalised hypermobility score. a AP radiograph
of the pelvis shows cranial acetabular retroversion (arrow) but no femoral
head migration or reduced osseous coverage. b Axial T1 and c coronal
fat-suppressed T1 MR arthrogram images show a thickened and
elongated LT (arrows). A high-grade ligamentum teres injury was
confirmed intraoperatively
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measures of longitudinal traction are impacted less by con-
founding variables and generate useful objective data; howev-
er, it is noted that longitudinal traction may not directly equate
with anterior or rotational instability.

There are several limitations of the review process that the
authors acknowledge. The lack of universally accepted diag-
nostic criteria for microinstability required broad search
criteria. This was a major limitation as many heterogeneous
studies with variable diagnostic criteria were identified, hin-
dered our ability to make study comparisons or draw defini-
tive conclusions. Case reports which could not be evaluated
with the QADAS tool were of limited value and in retrospect
could have been excluded. It is possible that other pertinent
studies exist. The cut-off LCEA < 20° in the review was cho-
sen to exclude studies focussing on symptomatic dysplasia.
Although this possibly resulted in the exclusion of relevant
studies, the population of interest in this review is those with-
out definite dysplasia in whom symptoms caused by subtle
instability may be difficult to differentiate from impingement.

Symptoms and clinical findings of microinstability may
be subtle or nonspecific [3, 4]; thus, the workup generally
follows the standard imaging algorithm for the assessment
of a young adult with hip pain. This begins with well-
centred AP pelvis and lateral hip radiographs (cross-table
lateral or 45° Dunn view) followed by a dedicated MRI of
the hip [59, 82]. MR is the cross-sectional imaging method
of choice as it provides information about the labrum, car-
tilage, LT and periarticular structures as well as allowing
3D characterisation of the bony morphology [83, 84]. The
young adult hip is frequently evaluated with 3.0-Tesla MR
imaging is frequently utilised for evaluation of the young
adult hip because the increased signal to noise ratio enables
high-resolution imaging [59]. In addition to small field of
view hip sequences with an optimised high-resolution pro-
tocol, a fluid-sensitive fat-suppressed sequence of the en-
tire pelvis should be considered to identify any other cause
of pain [85]. An axial sequence through the femoral con-
dyles is necessary for measurement of the femoral version
[59, 82]. Direct arthrography has been shown to have a
higher sensitivity and accuracy for the detection of labral
and cartilage pathology than conventional MRI at 1.5 Tesla
[86–88]. The superiority of arthrography is less clear at 3.0
Tesla [89, 90] and high-resolution conventional MR imag-
ing is replacing MR arthrography at many centres. Direct
3.0-Tesla MR arthrography is the authors preferred method
(RW, MB) as in our experience, the distension of the joint
allows better evaluation of the intra-articular structures and
the injection of local anaesthetic can be useful to confirm
an intra-articular pain generator [91]. CT may be requested
by the hip surgeon for further characterisation of bone
morphology [92]. CT arthrography can be useful for the
detection of intra-articular pathology in patients who are
unable to undergo MR imaging [93].

Microinstability is a clinical diagnosis that radiologists
should be aware of. This review describes imaging findings
reported to be associated with, but not diagnostic of,
microinstability. There is an overlap between symptomatic
dysplasia and microinstability but the LCEA is frequently
normal, highlighting the importance of 3D assessment and
thorough documentation of all dysplastic morphology. The
review provides some support for the suggestion that an ante-
rior distribution of chondrolabral injury, particularly isolated
straight anterior labral tears, may differentiate microinstability
from FAI. LT tears may also be associated with instability and
should be documented. There is insufficient evidence to sug-
gest a link between microinstability and hypertrophy of the
labrum or periarticular muscles, or capsular thinning visible
on MRI. A consensus on the definition and diagnostic criteria
for microinstability is necessary to enable future exploration
of this clinical entity. Further research is needed to clarify the
significance of FH migration on static imaging, the contribu-
tion of reduced acetabular coverage and increased femoral
version to instability. As FH translation is sub physiologic
and dynamic, subluxation may not be evident on static imag-
ing; thus, dynamic MRI [94] and ultrasound [95] imaging of
microinstability should be further evaluated.

In conclusion, this review has demonstrated that the current
literature does not provide strong evidence for imaging fea-
tures diagnostic of microinstability. In the appropriate clinical
context, dysplastic morphology, anterior labral tears and LT
tears may be suggestive of this condition although further
research is needed to confirm this.
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