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Sonography-based determination of hip joint anterior head-neck
offset is reliable and reproducible for CAM deformity assessment
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ABSTRACT

Purpose Native X-ray, magnetic resonance imaging (MRI), and
computed tomography (CT) are standard methods for deter-
mining head-neck offset (HNO) in femoro-acetabularimpinge-
ment (FAI). Our hypothesis was that sonography-assisted de-
termination of the offset in CAM deformity of the hip is a cheap,
radiation-free, and reliable alternative to conventional al-
pha-angle determination.

Methods Patients with hip pain and suspected CAM impinge-
ment who underwent anterior-longitudinal hip sonography
according to DEGUM standard procedures and MRl were in-
cluded in this single-center study between January 2015 and
December 2019. Offset was determined three times on MRI
and sonography by two independent investigators.

Results 285 patients were screened and 110 patients (49 fe-
males, 61 males) met the inclusion criteria. The mean age at
the time of investigation of 54 left and 56 right hip joints was
54.2 years. 1320 measurements were performed. No signifi-
cant difference in HNO determination between MRI
(6.11mm+/-2.37) and sonography (5.93 mm+/-2.20) could
be identified. The mean difference was 0.32 mm+/-0.32mm
(p>0.05) with a maximum deviation of 2.08 mm (outlier).
Conclusion Sonography-assisted determination of head-neck
offset is a reliable and reproducible method and is not inferior
to determination with MRI. Sonography can be used initially as
an alternative or additional tool for the qualitative determina-
tion of CAM deformity of the hip joint.

Introduction

Determination of the hip head-neck offset (HNO) in patients with
suspected femoro-acetabularimpingement (FAI) is becoming in-
creasingly important. FAl is known to be a key factor for osteoar-
thritis of the hip joint [1-3]. In recent years, the indication for
FAl-related hip arthroscopy has been increasing [4-7]. Clinical ex-
amination, anamnesis, and radiological assessment are crucial for
preoperative planning. The HNO is used to quantify the grade of

deformity and indication for surgery [8]. The HNO and alpha angle
are important parameters for quantitative evaluation of the fem-
oral head [8-11]. The distance between the tangent intersecting
the ventral femoral head cortex and a parallel intersecting the fem-
oral cortex where the head contour leaves the head sphericity is
measured. Offsets of more than 5 mm qualify as pathologic [1]. The
gold standard is to measure the anterior HNO with native X-ray,
computed tomography (CT), or contrast-enhanced magnetic res-
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> Fig. 1

Offset determination on a MRI on the femoral neck plane
with a normal head-neck-offset.

onance imaging (Arthro-MRI) [9, 10, 12-14]. Arthro-MRlI is also
able to detect relevant lesions of the cartilage of the hip joint [1, 3].

Arthrosonography is widely used in German-speaking countries
and is a fast, inexpensive and reproducible examination without
radiation exposure that provides diagnostically conclusive results.
[15]. Especially in hip sonography, soft-tissue changes such as syn-
ovitis, articular effusion, and superficial bone alterations may be
identified [15, 16]. According to DEGUM, sonographic planes have
been defined [17]. Except for the determination of the anterior
alpha angle in femoro-acetabularimpingement (FAl), sonography
does not play a lead role in HNO diagnostics [15].

The aim of this study was to evaluate the reliability of the sonog-
raphy-based determination of the femoral anterior head-neck off-
set (HNO) compared to MRI.

Materials and Methods

Patients presenting with hip pain who underwent standardized MRI
and sonography of the painful hip joint between January 2015 and
December 2019 were included in this study.

The exclusion criteria were clear signs of osteoarthritis of the
hip on MRI, including femoral head necrosis, premature skeleton,
recent fractures of the femur or acetabulum, presence of hip ar-
throplasty or any prior hip surgery, M. Legg-Calvée-Perthes or ep-
iphysiolysis capitis femoris, and MRI or ultrasound examination that
was technically insufficient for any reason. Arthro-MRI of the hip
joints was performed using the musculoskeletal MRI 0.3 Tesla
S-scan device (ESAOTE Biomedica Germany) with standardized lay-
ers with PD-fs-weighting in coronal, sagittal, and axial planes. The
offset was determined in the axial or the femoral neck plane (> Fig.
1 and 2). The inclusion criteria were the availability of an MRI ex-
amination of the hip joint with PD-fs-weighting and on the axial or
the femoral neck plane and a sonographic examination of the same
joint on the same day * 3 days in the modified anterior longitudi-
nal view according to the DEGUM (German Society for Medical Ul-
trasound) guidelines using a linear ultrasound transducer with var-
iable frequency 3.5 to 13 MHz (MyLab Six, ESAOTE Biomedica Ger-

> Fig. 2 Offset determination on MRI on a femoral neck plane with
a pathological head-neck-offset.

> Fig. 3 Offset determination in anterior longitudinal section using
ultrasound showing a normal head-neck-offset.

many): the femoral neck is parallel to the monitor’s upper margin,
and the bone surface of the femoral neck appears homogenous
and hyperechoic [17]. The modified anterior longitudinal view of
the hip joint that was used differs from the standard view with a
better illustration of the bony bump using a 15 ° external rotation
of the hip, and the transducer is strictly placed in an anterior posi-
tion over the highest point of the femoral head [15-17]. Because
of the acetabular rim, the bump cannot be fully seen in the hip'sin-
ternal rotation, and the measurement of the femoral head cannot
be extended to a full circle [15]. First, the femoral neck axis was
identified according to Eijer et al. and a parallel tangent to the fem-
oral head’s highest point was drawn using Syngo imaging software
Version VA 26A (Siemens Healthcare, Germany) (> Fig. 3 and 4) [9].
That part of the femoral head was extended to a full circle and the
point where the femoral head leaves sphericity was determined.
Another parallel to the femoral neck axis subtending this point was
drawn, and the distance between these two lines was measured:
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>Fig.4 Offset determination in anterior lingitudinal section using
sonography showing a pathological head-neck-offset.

the anterior head-neck offset (HNO) [3, 9, 13, 18]. Evaluation of the
measurement results on MRl and sonography was done by two in-
dependent investigators, both DEGUM-certified in musculoskele-
tal ultrasound. Both investigators performed time-displaced meas-
urements three times for each MRI scan and each sonogram. Over-
all, each joint was measured 12 times (1320 measurements) and
the mean of the measurement was used for statistical evaluation
using SPSS Version 24 (IBM SPSS Statistics for Windows, Version
24.0. Armonk, NY). Using Student’s t-test, p<0.05 was stated to
be statistically significant. A power analysis was performed prior to
this study with a statistical power of 0.8, a beta of 0.2, alpha of
0.05N>104+m, according to Green et al. [19]. A positive vote of
the regional and institutional ethical committee was obtained.

Results

110 patients (54/49.1 % left joints, 56/50.9 % right joints) with a
mean age of 54.2 years (18-81 years, 49/44.5 % females, 61/55.5 %
males) fulfilled all criteria and could be included in the study.

On MRI, 87 patients (79.1 %) had a pathological HNO, and 23 pa-
tients (20.9 %) had a physiological HNO (36/41.1 % females,
51/58.6 % males). The mean HNO was 6.12mm (1.19-13.21 mm,
SD 2.356; Investigator A: mean 6.13 mm, 1.07-13.50mm, SD 2.390;
Investigator B: mean 6.10mm, 1.32-12.93 mm, SD 2.324; p>0.05).

Using sonography, the mean HNO was 5.94mm (1.25-11.13mm,
SD 2.204; Investigator A: mean 5.89mm, 1.22-10.60mm, SD 2.174;
Investigator B: mean 5.97 mm, 1.28-11.66 mm, SD 2.238; p>0.05).

Mean difference between measurements in MRI and sonography
was 0.18 mm with a maximum deviation of 2.08 mm (SD 0.420).

Using SPSS Statistics (Vers. 27, IBM) homoscedastic independ-
ent measures t-test of mean measured values of MRl and sonogra-
phy showed p=0.553 and the difference was not statistically sig-
nificant. Pearson’s correlation coefficient was 0.985, which shows
a strong correlation between both methods (p<0.0001). Three
outliers could be identified: in all three patients, asphericity could
be excluded on MRI and sonography, but positioning and drawing
of the axis was difficult due to the anatomical nature of the joint,

»Table 1 Offsets in MRI and ultrasound examinations with differ-
ences in mm.

N Mean offset Mean Mean
on MRI offset on difference
(mm) US (mm) (mm)
Male 61 6.06+2.20 5.89 £ 2.03 0.163+0.43
Female 49 6.19+£2.42 5.99+2.42 0.206+0.42
All patients 110 6.12+2.36 5.94+2.20 0.182+0.42

which explains the measurement problems. The Bland-Altman plot
shows only 5/110 (4.5 %) of measurements outside the normal lim-
its. Independent of the presence of a CAM deformity, measure-
ments on MRl and sonography showed comparable values. ACAM
deformity did not influence the measurement’s accuracy. On MRI,
there was a tendency towards higher measurement values in 78
patients (70 %), which was a mean value of 0.18 mm and therefore
negligible » Table 1.

Discussion

The results of this study prove that sonography-assisted determina-
tion of femoral head-neck offset is a safe and reproducible method
compared to MRI. No significant differences in measured angles
could be seen between the two methods. The determination of the
head-neck offset for qualitative evaluation of CAM impingement is
well established for further therapy planning: Eijer et al. evaluated
clinical and radiological aspects and showed a cut-off of 7.2 mm as
FAI[9]. Smith et al. recommended a 45 ° Dunn-X-ray as the standard
procedure for FAI diagnostics in 2018 [20]. In a recently published
study, our group showed sonography to be as effective as MRI for
CAM deformity detection and reliable for the determination of small
changes of the head-neck region, which is similar to the results in
our new study [15]. We found a mean head-neck offset of 6.11 mm
on MRI and 5.93 mm with sonography, which is different from the
results of Jamali et al., who published a mean offset of 8.39mm on
a CT scan [10]. On MRI, even small quantifiable differences can be
seen [3,12-14,21]. The advantages of sonography are the absence
of X-rays, shortinvestigation time, and low costs [ 15, 22]. Small labral
tears or relevant pincer deformities are not easy to illustrate, Nepple
et al. showed a coxa profunda as diagnosed with plain X-ray as not
suitable for Pincer impingement diagnostics [23]. This study also
showed X-ray diagnostic problems in the case of acetabular dyspla-
sia. A subcortical change such as a tumor or cartilage change in os-
teoarthritis cannot be seen in sonography, whereas X-ray remains
an important part of basic diagnostic imaging in hip pain. In 2016,
Lerch et al. published sonographic offset determination compared
to native X-ray and found a high correlation between the results [24].
Using the sonographic technique described by Lerch et al.in 20°in-
ternal hip rotation, head asphericity could be missed and the bump
is hard to determine. In supine position with minimal (natural, not
forced) external hip rotation and transducer’s position according to
DEGUM, false-negative results due to pseudo-usur phenomenon are
minimized [17].
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This study has several limitations: First, the retrospective study
design — a randomized design could have shown different results.
Second, MRI and sonography were performed due to unclear hip
pain and not with the aim of CAM impingementillustration in every
case. One source of error could be the transducer’s position not
being above the middle of the highest femoral head point and an-
other source could be the measurements and use of axial MRI views
not in the femoral neck axis. In these cases, special software with
digital correction was used. This study shows a high correlation with
prior published data showing axial MRI views of the femoral neck
as a sufficient method for offset determination. Third, Pincer im-
pingement cannot be illustrated because of morphologic acetab-
ular variations with focal or global coverage of the femoral head
and impingement. Nepple et al. showed in 2013 that Pincer im-
pingement is rare (7.9 % in 1130 patients) compared to CAM im-
pingement [23].

Several studies identified patient age, weight, and enlarged lat-
eral center-edge-angle LCEA as a risk factor for developing labral
tears[12,21,25]. Whether there is any correlation between meas-
urement accuracy on MRI or ultrasound and the factors mentioned
above remains unclear. Sonographic assessment of CAM impinge-
ment of the hip joint should not replace MRI but support FAI diag-
nostic tools and replace conventional X-ray. The gold standard of
FAl therapy is hip arthroscopy [2,5, 7, 8, 18, 26-30]. For diagnosis,
we recommend the following approach in patients with suspected
FAI:

1. Anamnesis and clinical assessment;

2. Hip sonography according to DEGUM guidelines;

3. Inthe case of asphericity or a bump with a pathological head-
neck-offset: arthro-MRI with a focus on the labrum and cartilage;

4. In the case of no signs of FAI: X-ray.

Better image definition and quality may increase the relevance of
sonographic assessment in FAl in the coming years.
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