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ABSTRACT

Introduction

Femoroacetabular Impingement Syndrome (FAI) is a multifactorial hip disorder that origi-
nates from abnormal contact between the femoral head-neck and the acetabulum, ultimately
leading to joint damage. The most precise definition of FAI, established in 2016, describes the

condition as a motion-related hip disorder characterised by pain symptoms, restricted mobil-
ity and characteristic imaging findings. FAI manifests in three main morphological types:

Cam, where bone growth on the femur causes abnormal head-neck offset, Pincer, where the

acetabulum excessively covers the femoral head and Mixed which contains features of both

previous mentioned types. The alpha angle is a key radiographic measure used to diagnose

Cam-morphology FAIL However, studies have demonstrated that there is considerable vari-
ability in the reliability of its measurement, with intraobserver reliability typically higher

than interobserver consistency.

Aim
The aim of the study was to determine variability of alpha angle measurements on radiographs,
with use of the inter- and interobserver reliability in assessing the alpha angle of the hip joint.

Material and methods

A retrospective observational study was conducted on 72 radiographs of adult patients diag-
nosed with FAI who had undergone arthroscopic osteoplasty of the hip joint. The patients’
axial radiographs were evaluated by three independent investigators. Measurements were
taken preoperatively and postoperatively in two probes before and after the blinding process
was initiated.
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Results

Value of Inter-Observer Reliability of alpha angle measurements in preoperative group
(0.44-0.62) as well as in postoperative group (0.48-0.50) is moderate. Value of intra class relif
ability come with significant variability, as is lower in postoperative group (0.46-0.89) and
higher in postoperative group (0.79-0.96).

Conclusions
Constituency of measurements of alpha angle might by influenced by lack of observer’s
experience.

Keywords: femoroacetabular impingement syndrome, alpha angle, hip arthroscopy

STRESZCZENIE

Wprowadzenie

Konflikt udowo-panewkowy (ang. Femoroacetabular Impingement Syndrome, FAI) jest wie-
loczynnikowym schorzeniem stawu biodrowego. Charakteryzujaca sie objawami bélowymi,
ograniczong ruchomoscig i charakterystycznymi wynikami badan obrazowych. FAI objawia

sie w trzech gtéwnych typach morfologicznych: Cam, gdzie wzrost kosci na kosci udowej

powoduje nieprawidlowy kontakt miedzy glows a szyjka, Pincer, gdzie panewka nadmiernie

pokrywa glowe kosci udowej i Mieszany, ktéry zawiera cechy obu poprzednich wymienionych

typoéw. Kat alfa jest kluczowg miarg radiograficzng stosowang do diagnozowania FAI o mor-
fologii Cam. Badania wykazaly jednak, ze istnieje znaczna zmienno$¢é w wiarygodnosci jego

pomiaru, przy czym wiarygodno$¢ wewnatrzobserwacyjna jest zwykle wyzsza niz sp6jnoséé

miedzyobserwacyjna.

Cel badania
Celem badania byto okreslenie zmiennoéci pomiaréw kata alfa na radiogramach, z wykorzy-
staniem wiarygodnosci wewnatrz- i miedzyklasowej w ocenie kata alfa w stawie biodrowego.

Materiat i metody

Retrospektywne badanie obserwacyjne przeprowadzono na 72 osiowych radiogramach do-
rostych pacjentéw ze zdiagnozowang FAI ktérzy przeszli artroskopowg osteoplastyke stawu
biodrowego. Pomiary wykonano przed i po operacjg, w dwéch prébach przed i po zaslepieniu.

Wyniki

Warto$¢ wiarygodno$ci miedzklasowej pomiaréw kata alfa w grupie przedoperacyjnej (0,44-0,62),
jak réwniez w grupie pooperacyjnej (0,48-0,50) jest umiarkowana. Warto$¢ wiarygodnosci
wewnatrzklasowej charakteryzuje sie znaczng zmiennoscia, poniewaz jest nizsza w grupie
pooperacyjnej (0,46- 0,89) i wyzsza w grupie pooperacyjnej (0,79-0,96).

Whnioski
Na zgodno$¢ pomiaréw kata alfa moze mie¢ wptyw brak doswiadczenia obserwatora.

Stowa kluczowe: konflikt udowo-panewkowy, kat alfa, artroskopia biodra
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Introduction

Femoroacetabular Impingement Syndrome
(FAI) is likely multifactorial femoral head-
neck deformity which leads to the abnormal
contact between the proximal femur and the
acetabulum and progressive chondrolabral
injury (Grantham and Philippon, 2019). The
precise aetiology remains uncertain.

The most accurate definition of FAI was
published in the Warwick Consensusin 2016,
which described FAI as a “motion-related clini-
cal disorder of the hip with a triad of symp-
toms, clinical signs, and imaging findings.” It
represents symptomatic premature contact
between the proximal femur and the acetabu-
lum (Griffin et al., 2016) FAI can be divided
into two main morphological types: Cam and
Pincer. The Cam morphology is characterised
by a bone superstructure on the proximal
femur, which leads to an abnormal neck-head
offset. In contrast, the Pincer morphology is
defined by bone over coverage of the femoral
head by the acetabulum. A mixed morphology
can be observed when characteristic of both
impingements are present (Ganz et al., 2003).

In FAJI, the alpha angle is a crucial radio-
graphic measure, with studies indicating
varying degrees of intra- and interobserver
reliability. The alpha angle is defined as the
angle formed between two lines, one of which
originates at the centre of the femoral head
and the other of which leads to the centre
of the femoral neck, with the line between
them extending to the edge of the acetabu-
lum. The measurement of the alpha angle
is of great importance in the diagnosis of
Cam- morphology FAL An increased alpha
angle is indicative of a potential deformity.

Clohisy et al. highlighted that the reliability
of radiographic evaluations of the hip, includ-
ing the alpha angle, is often limited. It was
observed that while intraobserver reliability
tends to be higher, interobserver reliability can
be significantly lower, reflecting the challenges
in consistent measurements across different
observers (Clohisy et al., 2009). This observation
aligns with findings from Shimodaira research,
who reported nearly perfect agreement for

the alpha angle in their study yet acknowl-
edged that other studies have shown lower
interobserver reliability compared to intraob-
server reliability(Shimodaira et al., 2021). This
discrepancy suggests that while individual
observers may consistently measure the alpha
angle, variability can arise when different
observers are involved. Further supporting
the reliability of the alpha angle measurement.
High reliability is crucial for clinical practice,
as it ensures that the measurements can be
trusted for diagnostic and treatment decisions.

The primary aim of this study was to assess
the interobserver and interobserver variability
of alpha angle measurement. The secondary
aim was to determine changes in the alpha
angle prior to and following hip arthroscopic
osteoplasty.

Materials and methods

The group of patients on whom this study was
conducted was admitted between 2014 and
2018 to the Department of Orthopaedics and
Traumatology in Military Medical Academy
Memorial Teaching Hospital of the Medical
University of Lodz - Central Veterans' Hospital.
The Inclusion criteria were as follows.: adult
patients (over 18 years old), diagnosed with
FAI Cam or Mixed morphology, qualified
for referrals for arthroscopic treatment hip
arthroscopic osteoplasty.

Exclusion criteria included prior advanced
osteoarthritis or evidence of post-traumatic
deformity, Legg-Calve-Perthes disease, oste-
onecrosis or hip dysplasia, poor quality of
radiograph, lack of control photo.

A total of 52 patients (9 females and 43
males), with an average age of 41 years (rang-
ing from 19 to 66), were included in this study.
There were 26 hips on the right side and 26
on the left side. From these group 36 cases
were assessed both before and after surgical
intervention.

Standing axial radiographs were acquired
from the hospital's database of alpha angles
in affected sides before and after the surgery
with an additional blinded trial.

www.ironsjournal.org
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The blinding was performed by that one
of the researchers that did not measure the
alpha angle, removed any personal information
visiblein the photo and changed the title of the
photo so as not to suggest whether the radio-
graph was taken before or after the operation.
The radiographs were evaluated by medical
students following training in assessment of
alpha angle by an experienced orthopaedic
surgeon, who also supervised them during data
collection. For the assessment of radiographs
the RadiAnt DICOM Viewer (URL: https://
www.radiantviewer.com) and Horos software
programs were used. Statistical analysis was
performed using the Statistica 13 program.

The alpha angle is defined as the angle
between a line drawn in the long axis of the
femoral neck and a connecting line in the
centre of the femoral head, with the point
located where the head loses sphericality. It
was measured using an axial pelvic view (Fig. 1).
For the purpose of statistical analysis the
Intraclass Corelation Coefficient (ICC) and
Student's T-test were performed. For A p-value
of <0.05 was considered statistically significant.

Results

Preoperative alpha angle

For Observer 1 all the measurements of alpha
angle before surgery showed normal distri-
bution.

The mean alpha angle in a blinded probe
was 74.21° + 8.527, whereas in a not blinded
series—72.584°+6.192.

For Observer 2, a blinded probe presented
normal distribution whereas the unblinded
probe did not. The mean alpha angle in
a blinded probe was 77.697° +6.295. In not
blinded series the median alpha angle was
77.30°.

For Observer 3 all the measurements of
alpha angle before surgery showed normal
distribution.

The mean preoperative alpha angle in
a blinded probe was 72.740° + 7.864. In the
not blinded series the mean alpha angle was
73.03"+8.45.

The analysis revealed that Inter-Observer
Reliability of alpha angle measurements for not
blinded group before operation was 0.44 and
after blinding trial it acquired 0.62 (Table 3.).
Intra-Observer Reliability of alpha angle meas-
urements for Observer 1 —0.46; for Observer
2 -0.66; for Observer 3 —0.89 (Table 4.).

Postoperative alpha angle

For Observer 1 all the measurements had
normal distribution. The mean alpha in the
blinded group angle was 60.72° + 8.626. In the
not blinded series the mean alpha angle was
56.32°+6.414.

The measurements of Observer 2 also
showed a normal distribution. The mean alpha
anglein the blinded group was 63.83° + 8.26. In
the not blinded series the mean alpha angle
postsurgically was 62.33° + 8.839.

For Observer 3 the measurements did not
acquire normal distribution. The median alpha
angle in the blinded group was 53.85°. In the
not blinded series, the median alpha angle
postsurgically was 56.90°.

The analysis revealed that Inter-Observer
Reliability of alpha angle measurements for not
blinded group before operation was 0.48 and
after blinding trial it acquired 0.50 (Table 3.)

Intra-Observer Reliability of alpha angle
measurements for Observer 1 - 0.90; for
Observer 2-0.79; for Observer 3—0.96 (Table 4.).

Discussion

The primary objective of this study was to
ascertain the intra- and interobserver reli-
ability of alpha angle measurements, given
its critical role in the accurate diagnosis
and treatment planning of FAL The findings
revealed that inexperienced observers who are
not radiology specialists exhibited moderate
interobserver reliability for both preoperative
(0.44-0.62) and postoperative measurements
(0.48-0.50), as presented in Table 3. The vari-
ability of these values was found to range
from moderate to excellent, as demonstrated
in Table 4. The secondary objective of this
study was to observe the changesin the alpha
angle following arthroscopic osteoplasty.

Issues of Rehabilitation, Orthopaedics, Neurophysiology and Sport Promotion — IRONS
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Figure 1. Measurement of alpha angle on radiograph

Table 1. Measurements of the mean/median preoperative alpha angle.

Blinded p-value Not blinded p-value

1st Observer 74.21°+8.527 0.6* 72.584"+6.192 0.328*

2nd Observer 77.697°+6.295 0.348* 77.10° % 0.011

3rd Observer 72.740°+7.864 0.504* 73.03"+8.45 0.444*
t-median *-normal distrubtion
Table 2. Measurements of the mean/median postoperative alpha angle.

Blinded p-value Not blinded p-value

1st Observer 60.72°+8.626 0.6* 56.32°+6.414 0.754*

2nd Observer 63.83°+8.26 0.505* 62.33°+8.839 0.379*

3rd Observer 53.85°1 0.005 56.90° t 0.019
t—median *-normal distrubtion
Table 3. Value of Inter-Observer Reliability of alpha angle measurements.

Inter-Observer reliability Preoperative Postoperative

Not Blinded 0.44 0.48

Blinded 0.62 0.50
Table 4. Value of Intra-Observer Reliability of alpha angle measurements.

Intra-Observer reliability Preoperative Postoperative

1st Observer 0.46 0.90

2nd Observer 0.66 0.79

3rd Observer 0.89 0.96

www.ironsjournal.org
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The results obtained from the measurements
revealed that the alpha angle values were
higher in the postoperative group compared
to the preoperative group for each probe.

The reliability of alpha angle can significant-
ly influence clinical outcomes, as variations
ininterpretation can lead to misdiagnosis or
inappropriate treatment strategies. A study
by de Sa et al. established that an alpha angle
greater than 55° is indicative of Cam morphol-
ogy, reinforcing the importance of accurate
measurement (de Sa et al., 2014).

Stdhelin et al. demonstrated that patients
with alpha angle higher than 50° did not
differ from those with lower values of alpha
anglein terms of clinical outcome measure in
the six-months period (Stdhelin et al., 2008).
Moreover, the study conducted by Philippon
et al. illustrated that the over a five-year
period, there were no differences in patient-
related outcomes between groups with post-
operative angles greater than 55° and those
with alpha angles less than 55°, based on
a questionnaire including the modified Harris
Hip score (MHHS), WOMAC, HOS ADL, HOS
Sport, SF12 and patient satisfaction (Philip-
pon et al., 2007). It is noteworthy that they
employed a similar methodology to ours for
measuring alpha angle on plane radiographs.

However, the interpretation of the alpha
angle can be influenced by the imaging modal-
ity used. For instance, while plain radiographs
are commonly utilized, advanced imaging
techniques such as MRI and CT provide more
detailed assessments of hip morphology and
may yield different alpha angle measurements
(Barton et al., 2011).

Studies have shown that the alpha angle
exhibits high intraobserver reliability, with
intraclass correlation coefficients (ICCs) often
exceeding 0.80, indicating good agreement
(Konan, Rayan and Haddad, 2010; Schot-
tel et al., 2014) For instance, it was reported
that the ICC for intraobserver reliability of
the alpha angle was 0.88, suggesting that
experienced radiologists can consistently
reproduce their measurements (Konan, Rayan
and Haddad, 2010).

This high level of reliability is crucial for
clinical practice, as it ensures that a single
observer can confidently assess the alpha
angle over time without significant variability.
On the other hand, a study by Wong et al. eval-
uated hip radiographs and reported poor inter-
reader agreement of 0.33 (Wong et al., 2021).

Conversely, interobserver reliability tends
to be lower than intraobserver reliability,
which is a common finding in radiographic
assessments.

What can be observed in paper published by
Mast et al. on hip radiographs where the alpha
angle measurements came with interrater ICC
0f 0.83 and the intrarater ICC for Observers
were 0.98 and 0.96 (Mast et al., 2011). Our
results especially that of postoperative group
show the same tendency.

Similar results were obtained by Barlow
et al. in which three independent observers
evaluated 50 MRIs of patients complained of
hip pain (Barlow et al., 2014). They achieved
interrater reliability of 0.67, and obtained
better intrarater reliability of 0.84.

For this deduction contract the paper
published by Lohan et al. in which they
concluded that alpha angle has poor
intra observer variability between each
measurement, up to 30% of mean value
(Lohan et al., 2009). The corresponding conclu-
sions were reached in another study. During
comparing various methods of measuring
radiograph parameters it was observed that
alpha angle has moderate interobserver agree-
ment between each probe, ICC ranging from
0.33-0.47 (Carlisle et al., 2011).

However, low value of agreement between
each Observer demonstrates that the meas-
urement of the alpha angle may be subjec-
tive if taken by inexperienced physicians.
Furthermore, evident differencesin intraclass
before and after surgery shows inconsist-
ence in measurements. Higher intra-class
value in postoperative group suggest that it
might be easier to find measure alpha angle
in postoperative conditions. This discrepancy
underscores the importance of standard-
ized measurement protocols and training
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for radiologists and orthopaedic surgeons to

enhance consistency in alpha angle assess-
ments. Furthermore, a study by Neeple et al.
corroborated these findings, indicating that
qualitative evaluations without quantitative

measurements often yield poor reliability
(Nepple et al., 2014).

This variability highlights the necessity for
clinicians to consider the imaging technique
when interpreting alpha angle values.

In the present study, no additional methods
were employed to measure the alpha angle
beyond those available in the software utilized
for the evaluation of radiographs.

An intriguing paper was reported by
Lai et al., in which a numerical method was
employed to measure the alpha angle with
greater accuracy. This involved determining
curve fitting of the femoral neck, circle fitting
of the femoral head, and the determination
of femoral neck axis. The results demon-
strate that the inter-rater ICC in radiographs
was 0.905 and the intra-rater ICC was 0.892
(Laietal., 2019).

The use of additional methods in alpha
angle measurements was investigated by
Bouma et al. They compared the three-point
and anatomic methods for measuring the
alpha angle, which defines the femoral neck
axis by connecting the centres of three circles
projected over the neck contour. Therefore,
in comparison to the anatomic method, the
3-point method had the effect of equalis-
ing alpha angle measurement: high values
obtained with the anatomic method were
lower with the 3-point method, and vice versa
for low values (referencing interval was 30-66°
and 32-58° for the anatomic and 3-point
method, respectively) (Bouma et al., 2014).
Furthermore, attempts are being made to auto-
mate measurements that demonstrate a high
degree of agreement with manual measure-
ments (Faber et al., 2021). The discrepancies in
the repeatability of the measurements indicate
that drawing conclusions based on a single
measurement of the alpha angle may be too
generalised. Our study has demonstrated
these findings based on conventional methods.

However, it is also necessary to determine
whether these results can be replicated using
supported or automated methods, which are
currently under investigation.

Limitations

Although the study presents an innovative

approach to the topic, it is not free from limi-
tations. Firstly, the researchers did not have

much experience in assessing radiographs

and were supervised by more experienced

orthopaedic surgeons. The second limitation

was the number of patients and lack of control

group due to the fact that only patients treated

for FAI were included into the study.

Conclusions

Theresultsindicated that the measurement of
the alpha angle is associated with a moderate
degree of variability. Inexperienced observers
have been observed to demonstrate inconsist-
ent measurement practices with regard to the
alpha angle. What isintriguing, the measure-
ments of postoperative alpha angle comes
with higher realisability between researchers.
Future research should focus on developing
standardized protocols and exploring the
integration of advanced imaging techniques
to further refine the assessment of the alpha
angle in clinical practice.
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