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Abstract
Background Hip microinstability has gained attention
recently as a potential cause of hip pain. Currently there is a
lack of evidence-based objective diagnostic criteria sur-
rounding this diagnosis. Previous studies have shown
translation of the femoral head during extreme hip posi-
tions. However, reliable assessment of femoral head
translation is lacking.
Questions/purposes (1) How precise is musculoskeletal
ultrasound for measuring anterior femoral head translation

during the hip anterior apprehension test? (2) What is the
intra- and interrater reliability of dynamic ultrasonography
in assessing anterior femoral head translation?
Methods We recruited 10 study participants (20 hips)
between the ages of 22 and 50 years with no history of hip
pain or functional limitations. Test-retest methodology was
used. Seven females and three males were enrolled. The
mean age of study participants was 27 years (SD 8.7 years);
mean body mass index was 22.6 kg/m2 (SD 2.2 kg/m2). All
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study participants underwent dynamic hip ultrasonography
by three different physicians 1 week apart. Each hip was
visualized in two neutral positions (neutral and neutral with
the contralateral hip flexed [NF]) and two dynamic posi-
tions, which sought to replicate the apprehension test, al-
though notably study participants had no known hip
pathology and therefore no apprehension. The first main-
tained the hip in extension and external rotation off to the
side of the examination table (EER1), and the second held
the hip off of the bottom of the examination table (EER2).
One hundred twenty ultrasound scans (480 images) were
performed. Mean and SD were calculated using absolute
values of the difference in ultrasound measurements (mm)
between positions NF and EER1 and NF and EER2 cal-
culated for each physician as well as an average of all three
physicians. Intraclass correlation coefficient (ICC) analysis
was used to examine intra- and interrater reliability.
Results The mean absolute difference for NF and EER1
was 0.84mm (SD 0.93mm) and for NF and EER2 0.62mm
(SD 0.40 mm) on Study Day 1. Similarly, on Study Day 2,
the mean absolute difference for NF and EER1 position
was 0.90mm (SD 0.74mm) and for NF and EER2 1.03mm
(SD 1.18 mm). Cumulative values of ICC analysis in-
dicated excellent intrarater reliability in all four positions:
neutral 0.794 (95% confidence interval [CI], 0.494-0.918),
NF 0.927 (95% CI, 0.814-0.971), EER1 0.929 (95% CI,
0.825-0.972), and EER2 0.945 (95% CI, 0.864-0.978).
Similarly, interrater ICC analysis cumulative values were
excellent for NF, EER1, and EER2 and fair to good for the
neutral position: neutral 0.725 (95% CI, 0.526-0.846), NF
0.846 (95% CI, 0.741-0.913), EER1 0.812 (95% CI,
0.674-0.895), and EER2 0.794 (95% CI, 0.652-0.884).
Conclusions This study offers the first ultrasound protocol
of which we are aware for measuring anterior femoral head
translation. Hip dynamic ultrasound may assist in pro-
viding precise objective clinical-based diagnostic evidence
when evaluating complex hip pain and suspected micro-
instability. Musculoskeletal ultrasound is a reliable
office-based method of measuring anterior femoral head
translation that can be utilized by physicians with varying
experience levels. Future studies are needed to investigate
ultrasound anterior femoral head translation taking into
account sex, prior hip surgery, hip osseous morphology,
and ligamentous laxity.
Level of Evidence Level III, diagnostic study.

Introduction

Microinstability of the hip has recently gained attention
as a clinical entity [1, 22, 23], although there is a lack of
evidence-based clinical objective diagnostic criteria sur-
rounding this diagnosis. Hip microinstability is defined as
painful supraphysiological mobility of the hip with

associated architectural and functional abnormalities that
impair joint stability [3, 9, 15, 17]. Ligamentous laxity and
peripelvic muscle weakness can contribute to, and clini-
cally present like, hip microinstability [5]. The healthy hip
inherently has a large multiplanar ROM. Critical soft
tissue-stabilizing structures include the acetabular labrum,
ligamentum teres, iliofemoral, ischiofemoral and pubofe-
moral ligaments of the joint capsule [9, 11, 17, 24], and the
iliocapsularis muscle [2, 13]. Furthering our understanding
of hip microinstability is clinically important in that ante-
rior femoral head translation is considered detrimental to
hip health as a result of the resultant inherent lack of hip
congruency [6].

The established physical examination maneuver to elicit
symptoms of anterior instability when dynamically
stressing the anterior soft tissue structures of the hip is the
anterior apprehension test [25]. Clinically, the anterior
apprehension test is designed to reproduce this stress and
pain with hip extension and external rotation [17]. One
study performed in cadavers has demonstrated that strain
forces are maximally increased on the anterior labrum with
abduction and external rotation when held in the extended
position [10]. Another study showed that these motions
were associated with anterior femoral head translation of 2
to 5 mm [17]. More recently, a study in cadaver models has
demonstrated in hips with capsules that are normal, the
components of femoral head translation were within
0.5 mm in positions close to neutral and increased femoral
head translation and hip microinstability with surgical vi-
olation of the capsule up to 4 mm [14]. Translation of the
femoral head in the acetabulum has been reported in ex-
treme hip positions assessed by radiographs [23] and MRI
[6]. However, to our knowledge, there is no existing
technique that can reliably assess anterior femoral head
translation to determine microinstability of the femo-
roacetabular joint.

We therefore asked: (1) How precise is ultrasound for
measuring anterior femoral head translation during the hip
anterior apprehension test? (2) What is the intra- and inter-
rater reliability of dynamic ultrasonography in assessing
anterior femoral head translation?

Patients and Methods

Patient recruitment and the study protocol were approved
by the institutional review board at our institution before
study commencement. A test-retest study design was used
[18]. The study setting was a tertiary-level academic sports
medicine musculoskeletal ultrasound program and pedi-
atric and young adult hip preservation program. Seven
females and three males were enrolled in the study. We did
not attempt to enroll an equal number of males and females
for this study, because no sex comparison analyses were
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required to answer the research questions. The mean age of
the study participants was 27 years (SD 6 8.7 years), and
the mean body mass index (BMI) was 22.6 kg/m2 (SD 6
2.2 kg/m2) (Table 1). A total of 120 ultrasound scans (480
images) were performed.

Ten study participants were recruited over a period of
approximately 1 month through the hospital’s internal web
page to undergo dynamic ultrasound hip evaluation. A total
of 21 people was initially screened for participation in the
study. One participant did not meet the study inclusion
criteria and 10 participants could not participate in the

study as a result of scheduling conflicts. The final study
cohort included 10 individuals (20 hips). As a preliminary
study, we decided to include bilateral hips from each par-
ticipant for the initial data analysis. A secondary analysis
was performed on one randomly selected hip per study
participant (10 individuals, 10 hips). All participants were
in good physical health and had no history of hip pathology
or functional limitations. Participants between the ages of
22 and 50 years were eligible to participate provided they
were able to attend the initial appointment as well as a
followup appointment 1 week later.

Table 1. Demographic information for all 10 participants enrolled in the study

Patient ID Sex Age (years) Height (cm) Weight (kg) BMI (kg/m2)

1 Female 22 165.1 54.4 20.0

2 Female 23 161.0 68.8 26.5

3 Female 23 177.8 70.3 22.2

4 Female 30 167.6 58.1 20.7

5 Male 22 190.5 88.5 24.4

6 Male 22 195.6 88.5 23.1

8 Female 26 165.1 53.1 19.5

9 Female 27 170.2 71.2 24.6

10 Female 50 157.5 57.6 23.2

11 Male 22 176.5 69.4 22.3

Mean — 27.0 172.7 68.0 22.6

SD — 8.7 12.5 12.8 2.2

BMI = body mass index.

Fig. 1 A-B (A) The first dynamic ultrasound position, termed neutral, shows the subject lying
supine with both hips in the neutral position. (B) The second dynamic ultrasound position,
termed neutral flexed (NF), shows the subject again lying supine with the contralateral hip
held in flexion.
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Exclusion criteria included patients with hip pain, pre-
vious hip surgery, known hip pathology, or Ehlers-Danlos
syndrome. Demographic information was collected on all
study participants including height, weight, BMI, age, and
sex. All participants met the inclusion criteria for the study
and completed the experimental protocol as designed.

Three different ultrasound machines were utilized to
perform the study: the GE Logiq E (Boston, MA, USA),
Toshiba Xario™ 200 (Irvine, CA, USA), and the BK Flex
Focus 400 (Peabody, MA, USA). Each of the three
physicians (PAD, AS, SJ) was assigned to one of three
ultrasound machines, which they used throughout the du-
ration of the study. All study participants underwent dy-
namic hip ultrasonography by three attending-level
nonoperative sports medicine physicians (PAD, AS, SJ)
with varying levels of musculoskeletal ultrasound experi-
ence. The training levels of the three attending physicians
include: Attending 1 = expert, 10 years of ultrasound ex-
perience; Attending 2 = intermediate, 7 years of ultrasound
experience; Attending 3 = novice, recently completed
nonoperative sports medicine fellowship training with 1
additional year focusing on musculoskeletal ultrasound.
All three of the attending physicians perform a variety of
ultrasound scans throughout the clinical day on all ex-
tremities. The novice physician has completed a sports
medicine fellowship, which entails basic training in ultra-
sound only. The musculoskeletal ultrasound fellowship
year entails performing scans 4 days/week and roughly six

scans per day. The intermediate physician has been prac-
ticing musculoskeletal ultrasound for 7 years, roughly six
to eight scans per day 4 days per week. This holds true for
the expert-level attending with approximately 10 years of
experience. Strict adherence to the protocol was main-
tained throughout the phases of data collection. The dy-
namic ultrasound examination of the hip was developed by
the hip preservation teamwithin our institution and utilized
clinically as an adjunct to the care of patients with hip pain
for the past 12 months.

The study consisted of two separate appointments
1 week apart. On Study Days 1 and 2, all 10 participants
underwent ultrasound examination by each of the three
physicians. Participants were encouraged to maintain a
similar diet, physical activity, and other routine activities
between the two appointments. By the end of the study
day, each participant had undergone ultrasound exami-
nations on each hip by each of the three physicians for a
total of six examinations per patient. This study protocol
allowed for testing of the reliability among the physicians
at each time point (interrater reliability) as well as the
reliability for each physician individually over time
(intrarater reliability) [21].

Four different ultrasound positions were tested for each
hip. The first two positions tested the neutral, or baseline,
positions. For the first position, designated as the neutral
position, the patient was placed in the supine position with
both hips in extension (Fig. 1A). For the second position,

Fig. 2 A-B (A) The third dynamic ultrasound position, termed EER1, shows the subject lying
supinewith the imaged hip held in extension and external rotation by the physician off to the
side of the examination table while the contralateral hip is held in flexion. (B) The fourth
dynamic ultrasound position, termed EER2, shows the subject again lying supine with the
imaged hip held in extension and external rotation by the physician off of the end of the
examination table while the contralateral hip is held in flexion.
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neutral with the contralateral hip flexed (NF), the study
participant again was placed in the supine position with the
contralateral hip flexed and the lumbar spine flush to the
examination table to stabilize the lumbar spine and pelvis
(Fig. 1B).

The following two positions were designed to test an-
terior femoral head translation in the apprehension posi-
tions [25]. The apprehension position was chosen because
this position stresses the anterior structures of the hip and
dynamically reproduces anterior femoral head translation.
For both apprehension positions, the contralateral hip was
flexed and held in place by the study participant. The pa-
tient was instructed again to stabilize the pelvis/lumbar
spine by pressing the lower back flat to the examining table
to promote lumbar and pelvic stabilization and minimize
variability in pelvic tilt. The first position, EER1, involves
the patient in the supine position with the ipsilateral hip
dynamically maneuvered into extension and external ro-
tation over the side of the bed by the examiner performing
the ultrasound scan (Fig. 2A). For the final position, EER2,
the patient again was placed in the supine position, and the
hip was dynamically maneuvered into extension and ex-
ternal rotation at the bottom edge of the examining table, as
opposed to the side (Fig. 2B).

In all positions, the probe was held in a sagittal oblique
plane identifying the femoral head and acetabulum. The
ultrasound linear high-frequency probe was used in all
cases. The ultrasound probe was placed in the sagittal
oblique position with the proximal end of the transducer

positioned such that the acetabulum and femoral head were
imaged at the head-neck junction of the proximal femur.
The ultrasound examiner scanned the femoral acetabular
junction from medial to lateral and located to the highest
point, and midline, of the femoral head. Finally, an ultra-
sound image was obtained in each of these positions.

Measurements using the internal software of each ma-
chine were used to calculate the position of the femoral
head as it relates to the acetabulum in millimeters (Fig. 3).
In cases in which the femoral head was below the level of
the acetabulum, a negative number (in millimeters) was
designated, whereas femoral head position above the level
of the acetabulum was considered positive. At any point
during data collection, three participants were in rotation
with three physicians; ideally each physician was per-
forming an ultrasound examination at all times. On com-
pletion of an examination, the patients rotated to the next
room for the ultrasound examination by a different physi-
cian. This rotation improved flow of patients throughout
the data collection phase of the study.

Main outcome measures include intrarater reliability for
each of the three physician examiners and interrater re-
liability among each physician for four different ultrasound
positions (neutral supine, NF, EER1, and EER2) measur-
ing anterior femoral head translation for each hip.

Seven days after the initial appointment, patients
underwent a second round of ultrasound examinations fol-
lowing the exact same protocol as Week 1. Every effort was
made to keep the same schedule and rotation of patients;

Fig. 3 Measurement of anterior femoral head translation was performed using the internal
software of the ultrasound machine to calculate the position of the femoral head as it relates
to the acetabulum inmillimeters; the vertical distance from the horizontal line to the sclerotic
margin of the femoral head denotes the femoral head translation.

1090 d’Hemecourt et al. Clinical Orthopaedics and Related Research®

Copyright © 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



Table 2. Ultrasound hips of each participant enrolled in the study

Patient ID

Neutral
supine

Neutral with the
hip flexed EER1 EER2

Neutral
supine

Neutral with the
hip flexed EER1 EER2

Neutral
supine

Neutral with the
hip flexed EER1 EER2

Physician 1 Physician 2 Physician 3

Day 1

1 L -2.39 0.00 -3.34 -2.00 -0.50 4.00 3.30 4.20 0.00 3.50 3.10 2.70

1 R 2.70 8.58 6.67 5.65 -0.50 3.80 5.30 3.80 0.70 3.70 1.00 3.10

2 L -2.32 0.00 0.80 0.00 -1.00 -0.70 -0.50 0.00 0.60 0.00 0.00 0.00

2 R -1.00 3.48 0.80 1.07 1.20 0.00 1.60 0.00 0.00 1.10 2.10 1.70

3 L 1.20 1.00 2.90 3.40 -1.10 0.00 2.30 1.20 1.80 4.40 0.00 1.70

3 R -1.20 1.43 -1.00 0.00 -1.00 0.00 3.30 3.80 0.00 2.00 2.40 2.10

4 L 1.00 5.30 4.50 1.60 0.00 5.50 7.20 7.70 2.90 7.40 6.70 6.30

4 R 2.70 7.70 11.00 5.90 0.00 7.40 8.00 5.00 1.90 5.10 8.80 6.60

5 L 1.00 6.80 8.00 6.30 0.00 6.80 7.00 8.50 2.90 8.80 5.20 5.50

5 R 2.00 7.30 1.00 3.40 4.10 7.60 8.00 7.90 0.00 4.70 6.30 7.10

6 L -1.00 3.56 1.89 5.79 6.10 7.20 6.90 7.20 5.40 9.10 7.20 7.00

6 R 1.00 7.00 4.70 4.60 0.00 3.40 6.10 5.00 5.10 6.20 9.90 9.50

8 L -1.20 1.53 2.98 2.40 1.70 5.50 4.60 5.40 2.90 5.90 5.70 6.70

8 R 1.15 5.43 5.12 6.30 1.70 3.80 4.20 5.90 0.00 4.20 5.30 4.70

9 L -1.00 0.00 0.00 0.00 -0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00

9 R 1.50 4.00 0.00 1.60 -1.00 2.10 3.20 3.50 0.00 1.90 4.50 5.00

10 L -1.00 0.00 0.00 1.00 0.00 -0.50 0.00 0.00 0.00 1.30 0.00 1.30

10 R 0.00 4.30 0.90 3.90 1.20 3.60 1.90 2.20 3.40 2.80 3.60 3.90

11 L 2.00 2.85 3.38 3.65 0.00 3.10 6.40 4.20 1.90 6.30 3.30 4.30

11 R 3.00 1.20 6.40 0.00 0.00 4.90 5.10 4.50 0.00 1.10 6.10 7.00

Day 2

1 L 0.00 2.90 0.50 2.20 -0.40 4.20 2.70 3.90 3.10 4.00 3.70 3.20

1 R 0.00 3.70 4.90 7.80 0.00 3.30 3.60 2.50 0.00 2.90 4.80 4.80

2 L 0.00 0.00 0.00 0.00 -0.90 -0.60 -0.80 1.20 -1.30 0.00 0.00 0.00

2 R 0.00 1.00 1.00 0.00 -0.50 0.00 0.50 1.70 -1.00 1.40 1.70 3.30

3 L 0.00 0.00 4.40 2.20 -0.60 2.00 2.80 1.20 2.70 5.70 2.40 4.20

3 R -1.00 1.00 1.50 1.80 -0.90 1.00 1.60 0.00 0.00 2.20 1.80 3.30

4 L 1.00 6.90 6.60 1.90 3.10 6.50 5.10 4.60 2.90 8.40 6.40 0.30

4 R 2.50 4.60 9.60 4.90 0.00 6.80 6.30 5.20 0.00 2.90 6.60 8.50

5 L 1.00 2.40 3.90 9.90 2.90 5.40 7.40 6.80 3.70 4.80 5.80 4.30
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Table 2. continued

Patient ID

Neutral
supine

Neutral with the
hip flexed EER1 EER2

Neutral
supine

Neutral with the
hip flexed EER1 EER2

Neutral
supine

Neutral with the
hip flexed EER1 EER2

Physician 1 Physician 2 Physician 3

Day 2

5 R 5.50 9.00 9.50 8.90 5.70 8.30 7.20 6.50 7.10 5.00 7.70 7.70

6 L 4.80 4.90 0.00 3.80 5.10 8.70 7.90 8.30 4.00 9.60 9.00 9.00

6 R 3.50 7.50 4.00 7.50 3.80 6.60 7.20 8.40 6.30 7.70 8.30 6.10

8 L 0.00 1.90 3.10 0.00 0.50 5.40 5.60 6.50 3.20 6.70 6.40 4.80

8 R 0.70 4.90 6.50 4.50 0.00 4.40 5.40 5.90 3.00 6.50 5.40 5.80

9 L 0.00 1.00 0.00 0.00 -0.50 -0.50 0.00 0.00 0.00 0.00 0.00 1.10

9 R 1.00 3.80 2.90 2.40 -0.70 1.70 3.90 2.60 0.00 1.50 5.50 3.90

10 L -1.00 0.00 0.00 0.00 -0.40 0.90 1.40 2.00 0.00 1.80 2.90 1.80

10 R 0.80 5.40 4.00 2.80 0.00 0.00 3.80 1.80 3.60 2.60 4.80 5.60

11 L 0.00 1.80 0.00 4.40 -0.70 4.30 4.70 4.90 1.60 4.50 5.10 4.80

11 R -1.00 2.90 1.00 7.70 0.00 4.10 5.10 5.00 0.00 4.50 5.00 4.80

Each hip is considered a distinct subject; values represent the distance between the femoral head and the acetabulum in each position; all measurements are shown in
millimeters, andmeasurements are given for all three raters; if the femoral head and acetabulum are flush, ameasurement of 0mm is given; study days are separated by 1week
to test intrarater reliability over time; L = left; R = right.
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Table 3. Absolute values of the difference in raw ultrasound measurements (mm) between positions calculated for each physician

Subject ID

NF versus
EER1

NF versus
EER2

NF versus
EER1

NF versus
EER2

NF versus
EER1

NF versus
EER2

Physician 1 Physician 2 Physician 3

Day 1

001 L 3.34 2.00 0.70 0.20 0.40 0.80

001 R 1.91 2.93 1.50 0.00 2.70 0.60

002 L 0.80 0.00 0.20 0.70 0.00 0.00

002 R 2.68 2.41 1.60 0.00 1.00 0.60

003 L 1.90 2.40 2.30 1.20 4.40 2.70

003 R 2.43 1.43 3.30 3.80 0.40 0.10

004 L 0.80 3.70 1.70 2.20 0.70 1.10

004 R 3.30 1.80 0.60 2.40 3.70 1.50

005 L 1.20 0.50 0.20 1.70 3.60 3.30

005 R 6.30 3.90 0.40 0.30 1.60 2.40

006 L 1.67 2.23 0.30 0.00 1.90 2.10

006 R 2.30 2.40 2.70 1.60 3.70 3.30

008 L 1.45 0.87 0.90 0.10 0.20 0.80

008 R 0.31 0.87 0.40 2.10 1.10 0.50

009 L 0.00 0.00 0.00 0.00 0.00 0.00

009 R 4.00 2.40 1.10 1.40 2.60 3.10

010 L 0.00 1.00 0.50 0.50 1.30 0.00

010 R 3.40 0.40 1.70 1.40 0.80 1.10

011 L 0.53 0.80 3.30 1.10 3.00 2.00

011 R 5.20 1.20 0.20 0.40 5.00 5.90

Mean 2.18 1.66 1.18 1.06 1.91 1.60

SD 1.71 1.14 1.05 1.03 1.57 1.52

Day 2

001 L 2.40 0.70 1.50 0.30 0.30 0.80

001 R 1.20 4.10 0.30 0.80 1.90 1.90

002 L 0.00 0.00 0.20 1.80 0.00 0.00

002 R 0.00 1.00 0.50 1.70 0.30 1.90

003 L 4.40 2.20 0.80 0.80 3.30 1.50

003 R 0.50 0.80 0.60 1.00 0.40 1.10

004 L 0.30 5.00 1.40 1.90 2.00 8.10

004 R 5.00 0.30 0.50 1.60 3.70 5.60

005 L 1.50 7.50 2.00 1.40 1.00 0.50

005 R 0.50 0.10 1.10 1.80 2.70 2.70

006 L 4.90 1.10 0.80 0.40 0.60 0.60

006 R 3.50 0.00 0.60 1.80 0.60 1.60

008 L 1.20 1.90 0.20 1.10 0.30 1.90

008 R 1.60 0.40 1.00 1.50 1.10 0.70

009 L 1.00 1.00 0.50 0.50 0.00 1.10

009 R 0.90 1.40 2.20 0.90 4.00 2.40

010 L 0.00 0.00 0.50 1.10 1.10 0.00

010 R 1.40 2.60 3.80 1.80 2.20 3.00

011 L 1.80 2.60 0.40 0.60 0.60 0.30

011 R 1.90 4.80 1.00 0.90 0.50 0.30

Mean 1.70 1.88 1.00 1.19 1.33 1.80

SD 1.58 2.04 0.87 0.53 1.26 1.98

NF = neutral with contralateral hip flexed; EER = extension and external rotation; L = left; R = right.
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however, some patients needed to be moved earlier or later
in the day as a result of scheduling complications. Strict
adherence to the protocol again was maintained, and all
measurements were taken and recorded a second time.

Statistical Analysis

Demographic information including age, height, weight,
and BMI was descriptively analyzed using mean and SD.

Additionally, raw data were used to express each partic-
ipant’s four ultrasound hip images bilaterally on Study Day
1 and Study Day 2. The Shapiro-Wilk test was used to test
and confirm normality of the data. The absolute difference
between the NF and EER1 and EER2 positions was cal-
culated using the average value for the three physicians.
Intraclass correlation coefficient (ICC) analysis was used to
examine intra- and interrater reliability. Specifically,
intrarater reliability was tested for the three physicians, for
four ultrasound positions, between Study Day 1 and Study

Table 4. Absolute values of the difference in ultrasoundmeasurements (mm) between positions calculated as an average among all
three physicians

Subject ID

NF versus EER1 NF versus EER2 NF versus EER1 NF versus EER2

Day 1 Day 2

001 L 1.48 0.87 1.40 0.60

001 R 1.04 1.18 1.13 1.73

002 L 0.33 0.23 0.07 0.60

002 R 0.03 0.60 0.27 0.87

003 L 0.07 0.30 0.63 0.03

003 R 0.42 0.82 0.23 0.30

004 L 0.07 0.87 1.23 5.00

004 R 2.53 0.90 2.73 1.43

005 L 0.73 0.70 1.50 2.80

005 R 1.43 0.40 0.70 0.27

006 L 1.29 0.04 2.10 0.70

006 R 1.37 0.83 0.77 0.07

008 L 0.12 0.52 0.37 0.90

008 R 0.40 1.16 0.50 0.13

009 L 0.00 0.00 0.17 0.20

009 R 0.10 0.70 1.77 0.63

010 L 0.27 0.50 0.53 0.37

010 R 1.43 0.23 1.53 0.73

011 L 0.28 0.03 0.27 1.17

011 R 3.47 1.43 0.13 2.00

Mean 0.84 0.62 0.90 1.03

SD 0.93 0.40 0.74 1.18

NF = neutral with contralateral hip flexed; EER = extension and external rotation; L = left; R = right.

Table 5. Intraclass correlation coefficients (ICCs) for test-retest (intra-rater) reliability among individual physicians

ICC (mean) Neutral supine Neutral with the hip flexed EER1 EER2

Physician 1 0.357 (-0.612-0.744) 0.840 (0.596-0.936) 0.714 (0.267-0.887) 0.706 (0.284-0.882)

Physician 2 0.822 (0.555-0.930) 0.937 (0.843-0.975) 0.944 (0.860-0.978) 0.894 (0.730-0.958)

Physician 3 0.692 (0.235-0.877) 0.911 (0.775-0.965) 0.914 (0.779-0.966) 0.800 (0.487-0.921)

Cumulative 0.794 (0.494-0.918) 0.927 (0.814-0.971) 0.929 (0.825-0.972) 0.945 (0.864-0.978)

Data analyzed using two-way mixed, absolute agreement analysis; values are given for each physician as well as the average values
among all three physicians (cumulative); expected value is shown along with lower and upper bounds of 95% confidence intervals;
EER1 = extension and external rotation 1; EER2 = extension and external rotation 2.

1094 d’Hemecourt et al. Clinical Orthopaedics and Related Research®

Copyright © 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



Day 2. Additionally, the mean values of each ultrasound
position performed by each physician between the two
study time points were expressed as cumulative. Interrater
reliability among the three physicians was calculated for
Study Day 1 and Study Day 2 separately based on each
ultrasound image. Again, cumulative values of the inter-
rater reliability between Study Day 1 and Study Day 2were
expressed for each physician. For both intra- and interrater
reliability measures, absolute agreement was used. Ninety-
five percent confidence intervals were incorporated. Values
of < 0.40 were considered poor. Values between 0.40 and
0.75 were defined as fair to good, whereas recorded
values > 0.75 were classified as excellent reliability [7]. All
analyses were performed by SPSS (SPSS Inc, Chicago,
IL, USA).

Results

Femoral Head Translations

Dynamic ultrasound appears to be a precise method of
measuring anterior femoral head translation in the neutral
and apprehension positions (hip extension and external
rotation). The mean absolute differences between posi-
tions, calculated from the anterior femoral head translation
measurements (Table 2), for the three physicians in-
dividually ranged from 1.06 mm (SD 1.03 mm) to 2.18mm
(SD 1.71 mm) for Study Day 1 and from 1.00 mm (SD
0.87 mm) to 1.88 mm (SD 2.04 mm) for Study Day 2
(Table 3). When averaged among all three physicians, the

mean absolute difference for NF and EER1 was 0.84 mm
(SD 0.93 mm) and for NF and EER2 0.62 mm (SD
0.40 mm) on Study Day 1. Similarly, on Study Day 2, the
mean absolute difference for NF and EER1 was 0.90 mm
(SD 0.74 mm) and for NF and EER2 1.03 mm (SD
1.18 mm) (Table 4). These data show little deviation of
measurements between positions, indicating high levels of
precision.

Intra- and Interrater Reliability

Using bilateral hips, we performed a series of ICC analy-
ses. Cumulative values of ICC analysis indicated excellent
intrarater reliability in all four ultrasound positions
(Table 5). All three physicians demonstrated excellent
intrarater reliability for the NF position (Table 5). In the
EER1 and EER2 positions, two of the three physicians
showed excellent intrarater reliability (Table 5) and one of
the physicians had a fair to good level of intrarater re-
liability (Table 5). Intrarater reliability in the neutral posi-
tion showed a wider range of reliability classifications, and
the ICC value obtained by the expert physician was poor
based on the predefined categorization (Table 5).

For the interrater ICC analysis, cumulative values
showed excellent level measures for the NF, EER1, and
EER2, but not the neutral position (Table 6). Interrater
reliability for all three physicians was excellent in the same
three ultrasound positions (NF, EER1, and EER2) on both
Study Day 1 and Study Day 2. However, ICC values of
interrater reliability in the neutral position were poor on

Table 6. Intraclass correlation coefficients (ICCs) for testing reliability among physicians (inter-rater)

ICC (mean) Neutral supine Neutral with the hip flexed EER1 EER2

Day 1 0.301 (-0.381 to 0.691) 0.835 (0.653-0.929) 0.812 (0.609-0.919) 0.788 (0.552-0.909)

Day 2 0.877 (0.710-0.950) 0.864 (0.717-0.942) 0.820 (0.620-0.923) 0.809 (0.600-0.918)

Cumulative 0.725 (0.526-0.846) 0.846 (0.741-0.913) 0.812 (0.674-0.895) 0.794 (0.652-0.884)

Data analyzed using two-waymixed, absolute agreement analysis; values are given for both study days as well as the average values
over both days (cumulative); expected value is shown along with lower and upper bounds of 95% confidence intervals; EER1 =
extension and external rotation 1; EER2 = extension and external rotation 2.

Table 7. Intraclass correlation coefficients (ICCs) for test-retest (intrarater) reliability among individual physicians calculated using
unilateral hips from each study participant

ICC (mean) Neutral supine Neutral with the hip flexed EER1 EER2

Physician 1 0.592 (-0.512 to 0.897) 0.954 (0.741-0.989) 0.582 (-0.596 to 0.895) 0.593 (-0.276 to 0.891)

Physician 2 0.777 (0.190-0.943) 0.955 (0.797-0.989) 0.962 (0.848-0.990) 0.852 (0.379-0.964)

Physician 3 0.565 (-0.437 to 0.886) 0.933 (0.559-0.985) 0.962 (0.846-0.990) 0.809 (0.262-0.952)

Cumulative 0.762 (0.140-0.939) 0.969 (0.332-0.995) 0.941 (0.774-0.985) 0.930 (0.733-0.982)

Data analyzed using two-way mixed, absolute agreement analysis; values are given for each physician as well as the average values
among all three physicians (cumulative); expected value is shown along with lower and upper bounds of 95% confidence intervals;
EER1 = extension and external rotation 1; EER2 = extension and external rotation 2.
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Study Day 1, excellent on Study Day 2, and fair to good
cumulatively (Table 6).

No difference in reliability testing was found between
the apprehension positions when measured from the lateral
side of the bed (EER1) versus the apprehension position
performed at the foot of the bed (EER2) (Tables 5, 6).

Secondary subgroup intra- and interrater ICC analyses
for 10 randomly selected hips (one from each study par-
ticipant) showed that all intrarater ICC classifications
remained the same, except for an increase from poor to fair
in the neutral supine position for one physician (Table 7).
Similarly, all interrater ICC classifications remained the
same except for an increase from poor to fair in the neutral
supine position on Study Day 1 and an increase from fair to
excellent in the neutral supine position cumulatively
(Table 8).

Discussion

Hip microinstability is defined as supraphysiological
movement of the femoral head relative to the acetabu-
lum; as a clinical entity, it is poorly understood. Ob-
jective diagnostic criteria may serve to guide treatment,
but we lack objective clinical measures that can reliably
assess anterior femoral head translation. Our findings
support the notion that femoral head translation can be
reliably measured using a simple office-based ultra-
sound examination.

Our research should be interpreted in light of the fol-
lowing limitations. The methodology for this research
assumes each hip per study participant to be an independent
data point, which could result in an overestimation of both
the precision of the femoral head translation as well as the
reliability of the measurements. To address this limitation,
we randomly selected one hip per study participant and
reran the reliability tests using half of the data points
(Tables 7, 8). Interestingly, the reliability either stayed the
same or increased for all positions, suggesting that our
approach using bilateral hips does not overestimate the
reliability of our measurements and, in fact, may un-
derestimate those values. Furthermore, the research

question simply investigates precision of the ultrasound
measure in study participants and does not involve com-
parison analyses. The results may be difficult to generalize
in that the physicians involved in this study are an inherent
part of a large, high-volume hip preservation program with
many years of hip ultrasound exposure and experience. To
address this limitation, one of the physicians recruited to
participate in the study recently completed a dedicated
musculoskeletal ultrasound fellowship just 1 year before
data collection. Notably, the different experience levels of
three attending physicians did not affect the reliability
results of the ultrasound measures. Ultrasound is user- and
experience-dependent. Future training will be required for
use and incorporation as the standard of care. To address
this issue, the ultrasound physicians in this study are
teaching national courses.More females were enrolled than
males in this study cohort. Normal range of dynamic
femoral head translation hip ultrasound measurements may
vary by sex. Future research on dynamic hip ultrasonog-
raphy is needed that controls for sex, ligamentous laxity,
and the presence or absence of hip pathology. Although the
number of study participants was low, the number of actual
ultrasound scans was high, thereby providing ample data
for statistical analysis and interpretation of results. Finally,
this study did not investigate whether femoral head trans-
lation truly correlates with clinical hip microinstability.

The major finding of this study is that dynamic ultra-
sound examination of the hip to measure anterior femoral
head translation showed excellent intra- and interrater re-
liability with the hip in both the neutral with the contra-
lateral hip flexed and apprehension positions. This is the
first study of which we are aware that has quantified an-
terior femoral head translation of the hip using dynamic
ultrasound. Notably, it has been reported that the functional
approach to evaluating hip motion is more accurate be-
cause it accounts for joint dynamics [27]. Siston and Delp
[26] use a functional method to test hip center kinematics
and a smallest error of 2.2 6 0.2 mm is reported with a
circumduction hip motion pattern. Studies using MRI
three-dimensional (3-D) modeling [6, 12] and radiographs
[23] have reported femoral head translation in select pop-
ulations. Charbonnier et al. [6] measured femoral

Table 8. Intraclass correlation coefficients (ICCs) for testing reliability among physicians (interrater) calculated using unilateral hips
from each study participant

ICC (mean) Neutral supine Neutral with the hip flexed EER1 EER2

Day 1 0.491 (-0.485 to 0.863) 0.903 (0.711-0.974) 0.830 (0.512-0.954) 0.762 (0.323-0.934)

Day 2 0.931 (0.746-0.982) 0.963 (0.893-0.990) 0.931 (0.803-0.981) 0.930 (0.796-0.981)

Cumulative 0.844 (0.666-0.934) 0.935 (0.865-0.972) 0.875 (0.721-0.948) 0.840 (0.662-0.932)

Data analyzed using two-waymixed, absolute agreement analysis; values are given for both study days as well as the average values
over both days (cumulative); expected value is shown along with lower and upper bounds of 95% confidence intervals; EER1 =
extension and external rotation 1; EER2 = extension and external rotation 2.
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acetabular translation in dancers in multiple dance posi-
tions known to stress the femoral acetabular joint and
reported femoroacetabular translations in the range of 0.93
to 6.35 mm using a validated virtual MRI 3-D modeling
technique along with a motion capture system. The ma-
jority of our data reports a similar range of femoral head
translation. Similarly, Gilles et al. [12] measured femo-
roacetabular translation in professional dancers during
low-amplitude abductions and extreme flexions and report
the best hip center computation method was the dynamic
functional method that enforces interarticular distances
from a neutral posture with measured hip center trans-
lations of 2.05 6 0.74 mm. Dynamic ultrasound, in
comparison to MR modeling and radiographs, provides
real-time evaluation of femoral head translation and other
provocative hip motions while also allowing for patient
interaction during the examination to reproduce pain
symptoms. Clinically, this is very helpful to the physician
when trying tomake an accurate diagnosis when evaluating
complex hip pain. Future studies will aim to investigate the
range of femoral head translations in patients with sus-
pected hip microinstability related to prior surgery, liga-
mentous laxity, and acetabular dysplasia.

A comparable dynamic sonographic technique has been
described [16, 19, 20] and validated [8, 28] in a similar
fashion to assess inferior glenohumeral instability. Mar-
quardt and Jerosch [20] studied AP translation of the hu-
meral head as it relates to the bony glenoid utilizing
dynamic ultrasound examination with the shoulder in 90°
abduction and neutral rotation of the arm. This study
revealed dorsal overhang of the humeral head in relation to
the dorsal brim of the glenoid measurement to be 1.5 mm
(6 3.5 mm) on the dominant side and 1.9 mm (6 3.4 mm)
on the nondominant side. In comparison, patients with
multidirectional shoulder instability were found to have
increased AP translation of the humeral head of 2.9 mm (6
3.7 mm) on the dominant side and 0.7 mm (6 4.6 mm) on
the opposite side. Yeap et al. [28] assessed anterior
shoulder translation using ultrasound in the apprehension
position of 90° of abduction and external rotation with
applied external force of 60 N and reported the reliability of
the measurements. The overall intraobserver variance
ranged between 0% and 13% (mean 3.8% 6 2.5%) and
0.5% and 21% (mean 5.1%6 3.9%) for the two observers,
and the interobserver variance ranged between 0% and
30% (mean 9.3%6 7.3%). In comparison, Cheng et al. [8]
investigated intra- and interrater reliability of stress ultra-
sound of the shoulder performed by two observers. The
authors found that dynamic ultrasound of the shoulder had
good interrater reliability and excellent between-session
repeatability coefficients. Borsa et al. [4] sought to quantify
glenohumeral joint laxity in elite swimmers versus control
athletes. This study found no significant differences in both
anterior and posterior translation between the two groups

with anterior translation measurements of 2.82 6 1.7 mm
and 2.74 6 1.7 mm, respectively.

Clearly, further investigation of anterior femoral head
translation using dynamic ultrasound is needed. Norma-
tive data and between-group comparison investigations
(such as before and after hip arthroscopy) will be of great
value in moving forward our understanding of hip
microinstability in the future. In addition to the clinical
benefits, including lack of radiation exposure and porta-
bility, dynamic ultrasound has the potential to reduce
medical expenses. Cost-effectiveness analysis comparing
other imaging modalities such as MRI and CT may be
another intriguing project once the validity of dynamic
ultrasound examination is established. We also note that
the concept of hip microinstability currently lacks
evidence-based clinical objective diagnostic criteria. This
study offers the first ultrasound protocol for objectively
measuring anterior femoral head translation. When ex-
cessive anterior femoral head translation or anterior hip
microinstability is suspected, hip dynamic ultrasound
may assist in providing objective clinical-based di-
agnostic evidence. In conjunction with a thorough his-
tory, physical examination, and other diagnostic
modalities, this information can serve to provide objective
measurements that will help determine the clinical di-
agnosis of hip microinstability in patients with hip pain.
More generally, musculoskeletal ultrasound is a reliable
and simple office-based method of measuring anterior
femoral head translation.
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