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The deviation of the mechanical leg axis correlates
with an increased hip alpha angle and could be
a predictor of femoroacetabular impingement
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Abstract

Purpose This study was designed to evaluate whether the
mechanical axis deviation (MAD) of the leg correlates with
an increased hip alpha angle as described by Notzli, which is
associated with femoroacetabular impingement (FAI).
Methods In a retrospective analysis, standing full-length
anteroposterior radiographs were analysed in patients who
suffered from symptomatic leg alignment. The study included
85 radiographs of 80 patients with an average age 0f43.11 years
(range 18—60 years). Five patients underwent a bilateral long-
leg X-ray examination. All radiographs were transferred as
Digital Imaging and Communications in Medicine data files
from the Picture Archiving and Communications System into
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the OrthoPlanner software version 2.3.2. The radiographs were
measured by one orthopaedic surgeon and one independent
radiologist.

Results The mean value of the alpha angle of N6tzli was 61.43°
(49.07-74.04°). A total of 57 (67 %) radiographs showed a varus
deviation, 25 (29.5 %) had a valgus malalignment and three
(3.5 %) a straight leg axis. Of 82 radiographs, 40 (48.8 %) had
a moderate axis deviation with a MAD <15 or >—15 mm and a
mean alpha angle of 57.81°, and 42 (51.2 %) with extended axis
deviation of a MAD>15 or <—15 mm had a mean alpha angle of
62.93°; 40 (95.2 %) of these 42 showed an alpha angle >55°.
The alpha angle was significantly increased in extended axis
deviation compared to moderate axis deviation (P=0.001).
Conclusions This study confirmed that increased alpha angles
were found significantly at higher degrees of axis deviation on
the full-length radiograph. In cases of a MAD >15 or <—15 mm
and symptomatic coxalgia, diagnostic tests must be pursued for
FAL
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Introduction

Hip osteoarthritis is one of the major challenges affecting our
aging population [1]. Health services will have to face increas-
ing economic costs due to hip osteoarthritis in the coming
years [1]. Femoroacetabular impingement (FAI) represents a
novel approach to the mechanical actiology of hip osteoarthri-
tis [2, 3]. A large proportion of idiopathic hip osteoarthritides
can be traced back to FAT; thus early diagnosis is very impor-
tant [4, 5]. In the pathogenesis of FAI, an anatomical defor-
mity at the proximal end of the femur or the acetabulum or in
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both structures is essential. An acetabular type of FAI (pincer
impingement) is anatomically distinguished from the femoral
type (cam impingement) [6]. Pincer impingement is caused by
an immoderate acetabular cover of the femoral head and is
linked with acetabular retroversion [7], coxa profunda or
protrusio acetabuli [8]. Cam impingement results from a
prominence at the anterolateral femoral head-neck junction
[9]. Causes for cam impingement are aspheric deformity of the
femoral head, late closure of the femoral epiphysis, slipped
capital femoral epiphysis and Legg-Calvé-Perthes disease
[10-12].

X-ray of the hips is the first choice of imaging diagnostics
after anamnesis and clinical examination. For the diagnostics
of FAIL an anteroposterior (AP) pelvic radiograph and a sec-
ond lateral or oblique view are necessary. Clohisy et al. [13]
showed that the pathological alpha angle of N&tzli [9] is
detected in a standing AP view. The alpha angle of Notzli is
defined as an angle between the femoral neck axis and a line
connecting the head centre with the point of beginning
asphericity of the head-neck outline [9]. The measurement
of the alpha angle is an adequate parameter to assess the
degree of femoral deformity and femoral head asphericity to
evaluate the value of FAI [9, 14].

In a computed tomography (CT)-based study, Siebenrock
et al. [15] showed that hips with coxa valga had a higher
prevalence of impingement. Thus, it was tempting to investi-
gate whether the mechanical axis deviation (MAD) of the leg
affects the morphology of the hip, particularly concerning FAI.
The purpose of our study was to investigate if the MAD
correlated with a radiologically increased alpha angle in stand-
ing full-length AP radiographs and thus indicated the risk of
FAL

Materials and methods
Patients

This study follows the principles of the Declaration of Helsinki.
In Germany, where this study was conducted, retrospective
epidemiological studies without personally identifiable data do
not need to be approved by the Ethics Committee. Between
January 2010 and December 2012, 85 standing full-length
radiographs of 80 patients (32 women and 48 men) were in-
cluded in the study. Five patients underwent a bilateral long-
leg X-ray examination. We analysed 41 (48.2 %) left and 44
(51.8 %) right radiographs. The full-leg radiographs had been
performed previously to evaluate the mechanical axis for
further conservative or surgical treatment of the knee (arthros-
copy, cartilage surgery, osteotomy, total knee replacements,
Table 1). Radiographs of patients with any previous kind of
bone surgery (arthroplasty, osteotomy and osteosynthesis) for
the lower limbs which could influence the mechanical axis
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Table 1 Baseline demographics for 80 patients (85 radiographs)

Variables
Mean age, years (range) 43.1 (18-60)
Gender, n (%)
Male 48 (60)
Female 32 (40)
Side, n (%)
Left 41 (48.2)
Right 44 (51.8)
Diagnosis, n (%)
Medial OA 35 (42.1)
Cartilage lesions 15 (17.6)
Patellofemoral instability 14 (16.1)
OA 9 (10.5)
Lateral OA 6 (7)
Meniscal tears 6 (7)

OA osteoarthritis

were excluded from the study. The radiographs were divided
into three groups based on the positive or negative extent of the
MAD. In varus alignment of the mechanical axis, the MAD
was defined as a positive value in millimeters (group 1, Fig. 1a,
b). In cases of valgus position, the MAD was determined as a
negative value (group 2, Fig. 2a, b). With a straight mechanical
axis, the MAD was defined as a zero value (group 3, Fig. 3a,
b). Table 2 details the group division.

Radiological examination

A standing AP radiograph was carried out with the patient
facing the radiographic tube and the patellae pointing anteriorly.
The patients loaded equally on both lower limbs. According to
protocol, the radiographs were performed under free exposure to
atube voltage of 81 kV with an exposure value of 25 mAS and a
focus film distance (FFD) of 180 cm. Source-to-leg and leg-to-
film were continuous in all radiograms. For the calibration of the
X-ray images, a spherical radiographic marker was placed in the
middle of the lateral femur. The marker in the form of a ball is
shown on the X-ray photographs as a circle with a specified
overall diameter of 25 mm. All radiographs were transferred as
Digital Imaging and Communications in Medicine (DICOM)
data files from the Picture Archiving and Communications
System (PACS version 3.0, VISUS, Bochum, Germany) into
the OrthoPlanner software version 2.3.2 (LOCALITE
Biomedical Visualization Systems, St. Augustin, Germany).

Radiological analysis
After transferring the files into the OrthoPlanner, a calibration

of the transferred radiographs was performed by measuring
the standardised marker. The calibration allows an accurate
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Fig. 1 The alpha angle is formed
by the connecting lines (red lines)
between the longitudinal mid-axis
of the femoral neck and the axis
which marked the lateral
departure of the radius of the
femoral head (blue circle). The
alpha angle was 60.16° in this
example (a). The weight-bearing
line (WBL) is defined as the
connecting line (red line)
between the femoral head centre
and the centre of the ankle. The
MAD was measured as a distance
in millimetres, as an alignment
from the centre of the knee to the
vertical line of the WBL (yellow
line). The MAD was 22.37 mm
(b)

Fig. 2 A radiograph of group 2.
The alpha angle of the left hip was
60.53° in this example (a). The
WBL was in valgus alignment
and the MAD comprised

—23.53 mm (b)
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Fig. 3 A radiograph of group 3.
The alpha angle of the right hip
was 53.13° in this example (a).
The right leg showed a straight
mechanical axis. The MAD was
0 mm (b)

measurement of the dimension of the specific radiological
anatomy. An orthopaedic surgeon (M.L.) and an independent
radiologist (N.L.J.), both experienced in orthopaedic diagnos-
tics, determined each radiograph for the following measuring
points: (1) femoral head centre, by placing two marks at the
superior and inferior zones of the femoral head to draw a circle
(Figs. la, 2a and 3a); (2) longitudinal mid-axis of the femoral
neck, by connecting to the centre of the femoral head from the
femoral neck; (3) anterior point, where the distance from the
centre transcended the radius of the subchondral surface of the
femoral head; (4) weight-bearing line (WBL) is defined as the
connecting line between the femoral head centre and the
centre of the ankle (Figs. 1b, 2b and 3b), [16]; (5) MAD was
evaluated as a distance in millimetres, as an alignment from
the centre of the knee to the vertical line of the WBL. The
alpha angle is formed by the mid-axis and the connecting line
between the femoral head and the anterior point and was
measured using the method described by Notzli et al. [9].

Medial deviation with a MAD <15 mm was defined as mod-
erate varus malalignment and as extended deviation in MAD
>15 mm (Fig. 1a, b). Lateral deviation with a MAD >—15 mm
of the WBL was defined as moderate valgus malalignment
and as extended deviation in MAD <—15 mm (Fig. 2a, b). In
cases of a straight mechanical axis, the MAD was defined as a
zero value (Fig. 3a, b).

Statistical analysis

All examination results were recorded on a case report form.
The selected patient cohort was grouped in an Excel file
(version 2003, Microsoft Corporation, Seattle, WA, USA).
Distribution of data was assessed by the D’Agostino-
Pearson test. The arithmetic mean value, SD and 95 % confi-
dence intervals (CI) were calculated for the variables above
and measured with Microsoft Excel. The values were recorded
in IBM SPSS Statistics 14 (PASW 14, SPSS Inc., Chicago, IL,

Table 2 Group division

according to the extent of the Group division

Radiographs, n (%)

Mean=SD (mm) Mechanical axis

MAD and proportion of radio-

graphs in the subgroups Group 1 57 (67)
Group 2 25(29.5)
Group 3 3(3.5)

21.63+18.18 (1.49-83.64)
—15.6+11.62 (—48.66 to —1.29)
0(0) Neutral alignment

Varus alignment
Valgus alignment
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USA). The measurements on the alpha angles and the MAD
were compared using Student’s ¢ test. Statistical significance
was defined as a P value <0.05. An analysis of variance
(ANOVA) was used to exclude a significant difference be-
tween the different groups (P=0.014); the inhomogeneity of
variance was excluded by the Levene test (P=0.775). Bland-
Altman plots were performed to illustrate a visual assessment
of the alpha angle between the two observers (Fig. 4). For
comparing the three groups, we performed Scheffé’s proce-
dure due to the unequal group quantity. Validity between the
two observers was calculated for comparing the alpha angle
values and the MAD using Spearman’s correlation coefficient.
We did a post hoc power analysis for comparing the alpha
angles of the moderate with the extended axis deviation.

Results
Descriptive analysis

No significance difference of the arithmetic mean could be
detected in the measurements of the alpha angles and the
MAD by the two observers (M.L, J.L.J.). The mean value of
the MAD was 8.51£24.05 mm (—46.31 to 83.64 mm). A total
of 57 (67 %) radiographs had a varus deviation, 25 (29.5 %)
had a valgus malalignment and three (3.5 %) a straight leg axis
(Table 2). Group 1 showed a mean MAD value of 21.63
+18.18 mm (1.49-83.64 mm). Group 2 offered a mean MAD
of —15.60+11.62 mm (—48.66 to —1.29 mm). Of 82 radio-
graphs, 40 (48.8 %) had a moderate axis deviation witha MAD

<15 or >—15 mm, and 42 (51.2 %) showed an extended axis
deviation with a MAD >15 or <—15 mm.

Comparison

In our study, the mean value of the alpha angle of No6tzli was
61.43+5.33° (49.07-74.04°). Divided by gender, the mean
alpha angle was 61.914+5.59° (50.86-74.84) in men and
58.84+3.37° (49.07-67.19°) in women. The highest values
of alpha angle were detected in patients with extended varus
or valgus alignment with a MAD >15 or <—15 mm; 42
(51.2 %) radiographs with extended axis deviation had a mean
alpha angle of 62.93+4.43° (49.07-74.04°), and 40 (95.2 %)
of these 42 radiographs showed an alpha angle >55° with a
mean alpha angle of 63.42+3.90° (51.70-71.35°). Of 82
radiographs with moderate axis deviation, 40 (48.8 %) had
an alpha angle of 57.81+5.04° (51.82—71.35°). The alpha
angle was significantly increased in extended axis deviation
compared to moderate axis deviation (P=0.001). A power of
99.8 % was achieved in the post hoc analysis. Divided by groups
of varus, valgus or straight alignment, the mean value of the
alpha angle was 62.04+5.02° (50.86-74.46°) in group 1. In
group 2, the mean alpha angle was 59.43+5.55° (49.07—
74.84°). In comparison of the three groups, the lowest mean
value of the alpha angle was 54.17+4.86° (50.51-60.09°) in the
cohort of patients with straight mechanical axis. The evaluation
of the Bland-Altman plot demonstrated a sufficient symmetrical
distribution of the mean values of the alpha angle (Fig. 4). The
dotted lines demonstrate the two SDs and the majority of the
measured alpha angles are located inside the lines. The alpha
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angles in group 1 were significantly higher than in group 3
(P=0.045, Table 3). A significant difference could not
be stated between groups 2 and 3 due to the low number of
cases in group 3 and the low difference of the mean value (5.3
vs 7.9). The low mean difference (2.6 vs 7.9) between groups
1 and 2 was responsible for the non-existent statistical signif-
icance. The result of Scheffé’s procedure is presented in
Table 3.

Validity

In group 1, Spearman’s correlation coefficient was »=0.403
between the alpha angle values and the MAD values (P=0.01).
In group 2, Spearman’s correlation coefficient was measured as
r==0.503 (P=0.01). In group 3, the correlation coefficient
could not be determined due to the small size of the group.

Discussion

The most important finding of this study is that the axis
deviation in higher degrees correlates with increased hip alpha
angles and could be a risk factor for FAI The alpha angle in our
radiographs with straight leg axis resembled the alpha angles
found in AP pelvis radiographs of 1,055 symptomless men in
the study of Gosvig et al. [17]. The authors showed that the
alpha angles remained variable with ascending position of 20°
internal and external rotation of the femur in a geometrical
radiological analysis to a gradual measuring. However, the
authors argued that in well-placed standardised AP radiographs
a false-negative evaluation of the femoral head-neck junction
was tolerable when excessive tilt of the pelvis and the hip was
avoided.

Hack et al. [18] showed a prevalence of 14 % hips with
increased alpha angles and cam morphology in 200 asymptom-
atic volunteers. The interesting part of our study is that we
detected a higher proportion of elevated alpha angles in patients

Table 3 Comparison of the three groups

Group Group Mean Standard P value 95 % CI

(a) (b) difference error
(a-b) Minimum Maximum
level level

1 2 2.6146 1.3399  0.157 —0.738 5.967

3 7.8726 3.0887 0.045  0.145 15.600
2 1 —2.6146 13399 0.157 —5.967 0.738

3 5.2580 3.1922 0264 —2.728 13.244
3 1 —7.8726  3.0887 0.045 -156 —0.145

2 —5.2580 3.1922 0264 —13.244 2.728

Results of Scheffé’s procedure
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with varus or valgus alignment. In almost half of the cases, an
increase in alpha angles >55° was identified in cases of MAD.

Asymptomatic patients without FAI have an alpha angle
between 45 and 55° [19, 20]. An alpha angle >55° can be
described as radiologically noticeable and an angle >55° is
associated with FAI [9, 14, 20]. Symptomatic FAI can be
treated by arthroscopy or open surgery [21]. Although the alpha
angle was originally described from oblique axial sequences
from magnetic resonance imaging (MRI) [9], an X-ray is
known as an efficient diagnostic imaging procedure [13].
Therefore, the quality management of the radiographs plays
an important role for the accurate image analysis. In the reali-
sation of the standing full-length radiograph, the correct posi-
tion of the leg is important for accurate measurement of the
mechanical axis [22, 23]. The position of the femur is deter-
mined on the position of the minor trochanter. In cases of an
internal axial rotation of the femur, the minor trochanter disap-
pears behind the femoral cortical bone. In standing full-length
radiographs, the patella should always be centred on the level
of the knee joint [22].

Clohisy et al. [13] measured the alpha angle in the frog-leg
lateral radiographic view, compared with the AP and cross-
table views for identifying the cam-type femoral impingement
deformation. Despite the high reliability of the frog-leg lateral
view for detecting the cam-type impingement, the AP view is
likewise adequate for measuring the alpha angle to detect an
aspheric femoral head. The AP pelvic radiograph was done
with patients standing with the foot in a neutrally aligned
position. In our study, the standing full-length radiograph was
also performed with straight anteriorly positioned legs, where-
by the AP view in the study of Clohisy et al. [13] is comparable
to the standing full-length radiographs relating to measurement
of the alpha angle.

AP radiographs are a good screening tool for measuring
alpha angles. For specific analysis of the femoral head-neck
zone, a frog-leg view is more suitable and should succeed AP
radiographs when suspected [13, 24]. When the alpha angle is
symptomatically increased in radiographs, ultrasound, MRI and
CT should be performed [24, 25]. Due to the multiplanar capa-
bility, MRI and CT are more suitable than plain radiography for
detecting cam impingement because only the outlines of the
bone are clearly visualised in conventional radiographs [26-28].

The aim of our study was to clarify whether there was a
relation between the specificity of the alpha angle value and an
axis deviation. To the best of our knowledge, the correlation
between alpha angle and MAD has not yet been examined in
the literature. The full-length radiograph is capable as a screen-
ing tool in a routine clinical setting for the assessment of the
alpha angle and mechanical axis. Especially, alpha angle and
leg axis can be measured quickly and easily in clinical practice
with the aid of PACS.

The results of the study must be interpreted in light of its
limitations. Our group with neutral mechanical axis was



International Orthopaedics (SICOT) (2014) 38:19-25

25

relatively small because a full-length X-ray was only performed
in patients with suspected axis deviation. Nevertheless, we
achieved a strong power in the post hoc analysis comparing
the alpha angles of the moderate with the extended axis devia-
tion; therefore, the number of participants was sufficient for our
study. An increased angle does not necessary include clinical
symptoms of FAIL; however, the risk for the development of
symptoms is certainly increased. Clinical examination and
oblique sagittal MR sequences should succeed increased alpha
angles in radiographs and especially in extended varus or valgus
malalignment.

Nevertheless, our study was the first investigation in the
literature which examined the relation between the mechanical
leg axis and FAI and we can state a correlation between alpha
angle and the MAD. In conclusion, although there are diverse
causes for the development of FAIL axis deviation can be
identified carefully as a risk factor. In cases of a MAD >15
or <—15 mm and symptomatic coxalgia, FAI must be ruled
out by further diagnostic tests.
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