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Background: Metatarsus adductus is a common congenital foot deformity. Variable prevalence values
were reported using different techniques in different populations.

Numerous radiological measurements have been proposed to assess this deformity with a paucity of
studies reporting the reliability of these methods.

Keywords: The metatarsus adductus angle was shown to correlate with the severity of hallux abductovalgus in
X'ﬁlatafsus adductus normal feet and preselected populations of juvenile hallux valgus.
Rgﬁ’ﬁii“ty Materials and methods: Weight bearing dorsoplantar radiographs of 150 feet were examined for 5 angles

commonly used in assessing metatarsus adductus: angle between the second metatarsus and the
longitudinal axis of the lesser tarsus (using the 4th or 5th metatarso-cuboid joint as a reference), Engel’s
angle and modified Engle’s angle. The prevalence of metatarsus adductus was assessed according to
published criteria for different techniques. Inter and intra-observer reliabilities of these angles were
evaluated on 50 X-rays. Linear regression tests were used to assess the correlation between hallux valgus
and different angles used in assessing metatarsus adductus.

Results: Intraclass correlation coefficients were high for intra- as well as inter-observer reliability for the
5 angles tested. Prevalence of metatarsus adductus ranged (45-70%) depending on the angle used in the
same population. Only the metatarsus adductus angle using the 4th metatarso-cuboid joint as a reference
demonstrated significant correlation between metatarsus adductus and hallux abductovalgus angles.
Conclusion: Five techniques commonly used in assessing metatarsus adductus demonstrated high inter
and intra-observer reliability values. Prevalence of metatarsus adductus and the correlation between the

Hallux valgus

severity of this deformity and hallux valgus angle is sensitive to the assessment method.
© 2011 European Foot and Ankle Society. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Radiological examination of the foot has evolved over the years
and became an indispensable tool for evaluation of an array of
congenital and acquired deformities. It is also essential in
monitoring progress of deformity [1], planning and selecting type
of surgery required as well as assessing outcomes especially in
procedures involving reconstruction of the osseous architecture
[2,3].

A growing body of evidence investigated the reliability of
various angular and linear measurements on X-rays of the foot and
ankle. The reliability of these measurements has been shown to
vary for different methods used. However, a higher interobserver
than intraobserver disagreement is common place [4-6]. This may
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be explained by the lack of unanimity of landmarks used in
charting different angular measurements [7].

Metatarsus adductus is defined as a transverse plane deformity
where the metatarsals are deviated medially in relation to the
midfoot. This can present as one of the deformities associated with
clubfeet in paediatric population, or observed in adolescents and
adults [8-12].

An array of methods to assess metatarsus adductus have been
reported, including: Sgarlato’s method (angle between the
longitudinal axis of the second metatarsal and the longitudinal
axis of the lesser tarsus using the 4th metatarso-cuboid joint as a
reference) as shown in Fig. 1 [12-16], modified Sgarlato’s
technique (angle between the longitudinal axis of the second
metatarsal and the longitudinal axis of the lesser tarsus using the
5th metatarso-cuboid joint as a reference) as shown in Fig. 2
[14,17], Engel’s angle (the angle between the longitudinal axes of
the middle cuneiform and the second metatarsal) as shown in
Fig. 3 [14,18-21], talo-first metatarsal angle [22], calcaneo-second
metatarsal angle as shown in Fig. 4 [15,23,24], calcaneo-fifth
metatarsal angle [25], Lepow’s angle [26] and Kilmartin’s angle
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Fig. 1. Traditional (Sgarlato’s) metatarsus adductus angle using the 4th metatarso-
cuboid point as a reference. Line (a) extends between the most lateral point of the
4th metatarso-cuboid and the calcaneo-cuboid joints. Line (b) extends between the
most medial point of the talo-navicular and the medial cuneiform-first metatarsal
joints. Line (c) extend between midpoints of lines (a) and (b). Line (d) represents the
longitudinal axis of the second metatarsal bone. Line (e) is perpendicular to line (c)
and represents the longitudinal axis of the lesser tarsus. Sgarlato’s angle is between
the lines (d) and (e).

[27]. Thomas et al. recently modified Engel’s angle by taking a
perpendicular to the proximal articular surface of the middle
cuneiform instead of the longitudinal axis as shown in Fig. 5 [28].

A paucity of studies focused on the inter- and intraobserver
reliability of these methods. Dominguez and Munuera reported
high inter- and intraobserver values for measuring the metatarsus
adductus angle whether using the 4th metatarso-cuboid joint or
the 5th metatarso-cuboid joint. However, in this study the
population inclusion criteria targeted normal feet only [14].
McCluney and Tinley investigated the intraobserver reliability of
Kilmartin’'s angle in the age group 9-16 years old. They reported
an intraclass correlation coefficient of 0.889 [29]. Bryant et al.
reported a 0.92 intraobserver reliability of the metatarsus
adductus angle using the 5th metatarso-cuboid joint as a
reference [30]. We could not identify any studies evaluating the
reliability of various methods used to assess metatarsus adductus
in patients with established diagnosis of symptomatic hallux
abductovalgus, where the reliability of preoperative data that

Fig. 2. Modified Sgarlato’s metatarsus adductus angle using the 5th metatarso-
cuboid point as a reference. Line (a) extends between the most lateral point of the
5th metatarso-cuboid and the calcaneo-cuboid joints. Line (b) extends between the
most medial point of the talo-navicular and the medial cuneiform-first metatarsal
joints. Line (c) extend between midpoints of lines (a) and (b). Line (d) represents the
longitudinal axis of the second metatarsal bone. Line (e) is perpendicular to line (c)
and represents the longitudinal axis of the lesser tarsus. Sgarlato’s angle is between
the lines (d) and (e).

substantially affects clinical decisions and planning for surgery
are more appropriate.

Metatarsus adductus has long been implicated as a risk factor in
the development of hallux abductovalgus [8,31-33]. Pontious et al.
suggested that under recognised metatarsus adductus may
account for the high recurrence rate in juvenile hallux valgus
[20]. The association between metatarsus adductus and hallux
valgus has been investigated by several studies. Whilst La Reaux
and Lee [19] and Ferrari and Malone-Lee [21] statistically proved
that metatarsus adductus was associated with a higher prevalence
of hallux abductovalgus in a case-control model; other studies
could not demonstrate similar findings [27,29,30].

On the other hand the correlation between HAV and MA angles
have been shown to be significantly positive using linear
regression models with R squared ranging from 0.128 to 0.478
[21,34,35]. However, techniques used in assessing MA angle and
the populations of these studies were not uniform in terms of
patients’ age and male:female preponderance, which may explain
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Fig. 3. Engel’s angle. Line (a) bisect the middle cuneiform into. Line (b) represents
the longitudinal axis of the second metatarsal bone. Engel’s angle is between lines
(a) and (b).

the variability in R squared reported by different authors.
D’Arcangelo et al. recently demonstrated a significant correlation
between MA angle and HAV severity when using Engel’s angle, and
no significant correlation when using the traditional MA angle [36].
This may suggest that techniques used to assess the MA angle are
critical in assessing the association between MA and HAV.
Accordingly further studies are necessary to reliably demonstrate
the correlation between metatarsus adductus and HAV.

The objectives of the present study are to establish:

1. Inter- and intraobserver reliability of different techniques used
in assessing the MA angle.

2. The effect of MA angle technique on the prevalence of this
deformity.

3. The correlation between HAV and different techniques used in
assessing MA angle.

2. Materials and methods

One hundred and fifty preoperative dorsoplantar radiographic
views for (130) patients were included in the study. The inclusion

Fig. 4. Rearfoot reference line-second metatarsal angle. Line (a) is parallel to the
lateral border of the calcaneum. Line (b) represents the longitudinal axis of the
second metatarsal bone.

criteria were: symptomatic hallux abductovalgus, patients listed
for corrective surgery, no evidence of foot trauma and no history of
previous forefoot surgery. All angles assessed in this study were
measured electronically using Impax X-rays viewer software (Agfa
Healthcare, Belgium). It has been shown that computerised
angular measurements yield more reliable results compared to
goniometric methods [37].

The following angles were examined on each X-ray: hallux
valgus (HAV), 1st-2nd intermetatarsal (IMA), rearfoot-2nd meta-
tarsal angle (RRL-MT2), Sgarlato’s angle (angle between the second
metatarsus and the longitudinal axis of the lesser tarsus using the
4th metatarso-cuboid joint as a reference referred to hereafter as
LALT-2MT 4th) [15], modified Sgarlato’s angle (angle between the
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Fig. 5. Modified Engel’s angle. Line (a) is parallel to the base of the middle cuneiform
articular surface. Line (b) is perpendicular to line (a). Line (c) represents the
longitudinal axis of the second metatarsal bone. The modified Engel’'s angle is
between line (b) and (c).

second metatarsal and the longitudinal axis of the lesser tarsus
using the 5th metatarso-cuboid joint as a reference referred to
hereafter as LALT-2MT 5th), Engel’s angle (angle between the
longitudinal axis of the middle cuneiform and the longitudinal axis

Table 1

Table 2
Intraclass correlation coefficients for intra and inter-observer reliability of five
different methods to assess MA angle.

Angle Intra-observer ICC(3,1) Inter-observer 1CC(2,2)
RRL-2MT 0.85 0.87
LALT-2MT(5) 0.92 0.87
LALT-2MT(4) 0.91 0.93
Engel 0.90 0.84
Modified Engel 0.92 0.91

of the second metatarsal) [18], modified Engle’s angle (angle
between the longitudinal axis of the second metatarsal and a line
perpendicular to the proximal articular surface of the middle
cuneiform) [28] and the angle between the rearfoot reference line
(line parallel to the lateral border of the calcaneum) and the
longitudinal axis of the second metatarsal. In our study we
considered (20°, 14° and 24°) the upper normal limits for the LALT-
2MT 5th, LALT-MT 4th and Engel’s angles, respectively. We
assumed that modified Engel’s angle was to yield similar values to
the original Engel’s method [28], hence we considered 24° as the
upper normal limit. The calcaneo-second metatarsal angle was
reported to be 15° +3° and hence considered 18° as the upper
normal limit [23].

Data were analysed using software (SPSS v 14.0 for Windows).
The distribution of all data recorded was evaluated for normality
using the Kolomogorov-Smirnov test. The objective of this test is to
compare the distribution of sample data to an alternative
distribution which, in this case, is hypothesised to be normal.
Accordingly, accepting the null hypothesis means that the data are
normally distributed.

In order to evaluate interobserver reliability, fifty X-rays were
selected randomly and examined independently by the authors
(AD and AP) for five techniques to assess MA angle: LALT-MT2 4th,
LALT-MT2 5th, Engel’s angle, modified Engel’s angle and RRL-2MT.
Intraclass correlation coefficient was calculated by using two-way
random-effect model for absolute agreement ICC(2,1). This is a
quantitative test that measures the ratio of two variance derived
from analysis of variance (ANOVA). It assesses the reproducibility
of random quantitative variables by different observers randomly
selected from a larger population of observers [38].

To evaluate intraobserver reliability, one author (AD) measured
same five angles on 2 occasions 3 weeks apart on same 50 X-rays.
Intraclass correlation coefficient (ICC) using two-way mixed-effect
model was calculated to detect consistency of measurements
made by this author ICC(3,1). In this test the observer is deemed
fixed, however the targets are randomised [38].

Linear regression tests were used to assess the correlation
between the different techniques used in this study to assess
metatarsus adductus and degree of hallux abductovalgus.

3. Results

A total of 150 dorsoplantar weight bearing foot X-rays for (133
patients) were examined. There were 119 females and 14 males
(female:male ratio 8.5), and 73 right and 77 left feet. The mean
patients’ age was (50.6 years, standard deviation = 15.4) ranging
from 14 to 80 years old. Normal distribution of all data was
confirmed by Kolomogorov-Smirnov test.

Descriptive statistics of different techniques used to evaluate metatarsus adductus in 150 DP foot X-rays.

HAV IMA RRL2ZMT LALT-2MT(5) LALT-2MT(4) Engel Modified Engel
Mean +SD 354472 14.4+36 12.9+89 22.7+6.0 17.1+59 23.9+63 19.9+6.6
98% COI 34.3-36.6 13.8-14.9 11.4-14.3 21.7-237 16.1-18.0 22.9-249 18.9-21.0




184 A.LS. Dawoodi, A. Perera/Foot and Ankle Surgery 18 (2012) 180-186

Table 3

Linear regression results for correlation between HAV and five commonly used angles to assess metatarsus adductus.

RRL2MT LALT-2MT(5) LALT-2MT(4) Engel’s angle Modified Engel
R 0.051 0.11 0.152 0.090 0.014
R? 0.003 0.012 0.023 0.008 0.000
Adjusted R? —0.004 0.005 0.016 0.001 —0.007
Standard error 7.24 7.2 7.16 7.22 7.25
p value 0.266 0.91 0.032 0.136 0.432

The mean, standard deviation and 95% confidence intervals for
the RRL-2MT, LALT-2MT(5th), LALT-2MT(4th), Engel’s and modi-
fied Engel’s angles are presented in Table 1. Interestingly, there was
considerable variation in the prevalence of MA measured by
different techniques. The prevalence of MA measured by RRL-2MT,
LALT-2MT(5th), LALT-2MT(4th), Engel’'s and modified Engel’s
angles was (25.3%, 62%, 70%, 45%, and 25.3%), respectively.

Inter and intraobserver reliabilities of metatarsus adductus
angle using five different techniques were found to be reliable,
with the majority demonstrating intraclass correlation ranging
between 0.85 and 0.92 (Table 2). Linear regression results for the
correlation between the different techniques used to assess
metatarsus adductus and hallux abductovalgus angle are pre-
sented in Table 3. The only method that demonstrated a significant
positive correlation (R?=0.152, p=0.032) with the severity of
hallux abductovalgus angle was Sgarlato’s method (using the 4th
metatarso-cuboid joint as a reference).

4. Discussion

The intraobserver reliability of common angular measurements
used in the assessment of various foot disorders has been reported
satisfactory [6,39]. An example is the intraobserver reliability of
HAV angle was reported to range (ICC 0.86-1.00) and calcaneal
inclination angle range (ICC 0.87-0.97) [29,30,40,41]. On the other
hand interobserver error of HAV angle was found to be in excess of
5° which may invalidate angular measurements unless evaluated
by the same observer [6]. Similar excessive interobserver
variability has been demonstrated for the proximal articular angle
(PASA) of the first metatarsophalangeal joint [42]. Therefore,
interobserver reliability should, whenever possible, be evaluated
for any measurement that directly affects clinical decision and/or
planning surgery. The reliability of angular measurements used to
assess MA received less attention in literature compared to those
used in assessing other, perhaps more common, foot disorders.
Metatarsus adductus is purported to be a reasonably common
factor in the aetiology of hallux valgus [31,32]. In order to
investigate this causal relationship, it is essential to establish a
consensus on a reliable objective measure which does not bias the
measurement of the intermetatarsal angle by under-estimating it.

The intraobserver reliability of MA angle (LALT-2MT 5th) was
(ICC=0.92) in our study. This was found to be in concordance with
values reported in other studies (ICC = 0.889-0.92) [14,30].

Interobserver reliability of (LALT-2MT 5th) was (ICC=0.87) in
our study which is lower than values reported by Dominguez and
Munuera (ICC=0.962) [14]. However, it is worth noting that
Dominguez et al. investigated the reliability of MA in normal feet,
where the mean MA angle they reported (20.971° £+ 4.479°) was
significantly (p < 0.05) lower than that reported in our study
(22.7° &£ 6°). This may suggest lower reliability when measuring
higher angles of metatarsus adductus as landmarks are less readily
identifiable using this technique.

Inter- and intraobserver reliability of MA angle measured using
(LALT-2MT 4th) in our study demonstrated correlation coefficients
(0.93 and 091, respectively) comparable to those reported by
Dominguez et al. (0.962 and 0.972, respectively), despite the

significantly (p < 0.05) higher mean MA angle (17.1 + 5.9) reported
in our study compared to those (14.466 + 4.121) reported by the
latter study. These findings suggest satisfactory inter and intraob-
server reliability of metatarsus angle measured using Sgarlato’s
technique (whether using the 4th or 5th metatarso-cuboid angle as a
reference) across a broader spectrum of angles with higher degrees of
metatarsus adductus.

We could not identify any studies reporting the reliabilities of
the other angles used in assessing MA in our study (Engel’s,
modified Engel’'s and calcaneo-second metatarsal angles) for
comparison. However, high intraclass correlation coefficients
imply sufficient reproducibility of these measures to be used
reliably in clinical settings where more than one observer is
involved in the assessment of these angles.

The prevalence of MA in patients presented with hallux valgus
has been reported with varying proportions ranging from 35% to
75% in the literature [19,22,35]. This may be due to several factors
including the variability and/or unreliability of techniques used to
assess MA angle and therefore a standardised technique and/or
approach is essential in order to produce accurate results. Our
intention was to demonstrate the effect of technique factor on
prevalence of metatarsus adductus in the same population of
individuals. The frequency distribution of three techniques used in
assessing metatarsus adductus is presented in Fig. 6. The varying
prevalence of MA in our study using different techniques (25.3-
70%) has two important clinical implications. One method for
determining normal limits used in literature is by comparing
proportions of normal values for a standard technique to the one
being assessed [18,22]. Since different methods used in assessing
MA demonstrated varying sensitivity reflected in a wide range of
prevalence, cautious interpretation of reported normal values
should be exercised, as well as the need for implementing more
robust methods to determine these important parameters. Second,
as Engel’'s and modified Engel’s angles yielded vastly different
prevalence values (45% and 25.3%, respectively) this demonstrates
the paramount significance of different landmarks in what appears
to be assessing the same angle.

The correlation between HAV and MA angles was reported with
variable results by different authors. The only method that
significantly correlated with the hallux abductovalgus angle was
that suggested by Sgarlato (LALT-2MT 4th) [15]. A scatter diagram
showing this correlation is presented in Fig. 7. This is in
concordance with two previous studies where the authors used
a similar technique. Griffiths and Palladino [34] reported a
significant correlation (R?=0.128, p=0.001) between HAV and
MA angles in 115 normal feet, where they excluded all X-rays with
IMA >9° and HAV > 15°. On the other hand, Banks et al.
demonstrated comparable findings (R? = 0.478, p = 0.0001) in 40
patients (72 feet) under 21 years of age presented for repair of
juvenile hallux valgus. In the present study, variables such as the
IMA angle and age were not controlled compared to the previous
two studies. This suggests that MA angle measured by Sgarlato’s
technique is a reliable method for demonstrating a positive
correlation between HAV and MA angles.

Ferrari et al. reported a positive correlation between HAV and
MA angles (females: R®>=0.53, p <0.001; males: R?=0.48,
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p < 0.001) using Engel’s angle. However, in our study we could not
statistically demonstrate a significant correlation (R?=0.008,
p =0.136), suggesting that although Engel’s angle is a reliably
reproducible technique, however, it may underestimate the
correlation between HAV and MA angles. On the other hand, it
may highlight the importance of other factors involved in
determining the severity of hallux valgus such as hindfoot
pronation and first ray hypermobility [43].

Similarly, the other angles used in the present study (LALT-2MT
5th, RRL-2MT and modified Engel’s angle) did not demonstrate a
significant correlation with HAV angle. A frequency diagram of
three methods used in assessing metatarsus adductus (Sgarlao,
modified Sgarlato and Engel’s angles) is presented in Fig. 2. An
interesting observation is the smooth curve of Sgarlato’s method
compared to the other two methods. This may in part explain the
sensitivity of this method to detecting the correlation between
metatarsus adductus and HAV angles.

5. Conclusions

Our study suggest that different techniques used in assessing
metatarsus adductus demonstrated high values of intra- as well as
interobserver reliability compared to angles used in assessing
other deformities e.g. HAV, PASA. However, in the process of
assessing metatarsus adductus, using one technique is preferred as
different techniques yield dissimilar values with varying implica-
tions for screening and/or diagnosis purposes. The MA angle
measured by Sgarlato’s technique demonstrated the highest inter-
and intraobserver reliability as well as reliably demonstrating a
significant positive correlation between HAV and MA angles. We
suggest that Sgarlato’s technique should be considered as the
standard method for assessing MA angle in research and clinical
settings. The clinical implications include a more reliable diagnosis
of MA and planning management for recurrent cases of related
forefoot deformities such as hallux abductovalgus. In addition
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metatarsus adductus causes an underestimate of the intermeta-
tarsal angle which affects decision making in hallux abductovalgus
management and the way it affects the selection of surgical
procedure, recurrence rate and aetiology. However, it is essential to
establish a consensus on what is the most reliable and objective
measure.
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