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Objective The present study aims to describe a new weightbearing radiographic
method to visualize the heads of the five metatarsals on the coronal plane, evaluating
their accuracy through intraclass correlation coefficients.

Methods The subjects were evaluated, with weightbearing, with the ankle at 20 degrees
of plantar flexion and the metatarsophalangeal joints at 10 degrees of extension,
positioned on a wooden device. Two independent foot and ankle surgeons evaluated
the radiography, with one of them doing it twice, at different moments, achieving an inter
and intraobserver correlation, with intraclass correlation coefficients.

Results We radiographed 63 feet, achieving an interobserver correlation coefficient
of the radiographic method for the metatarsal heads heights in the coronal plane of the
1°t, 2nd, 3 4t and 5" metatarsals of, respectively, 0.90, 0.85, 0.86, 0.83, 0.89. The
intraobserver correlation coefficient were, respectively, 0.95, 0.93, 0.93, 0.86, 0.92.
Conclusion Those correlations demonstrate that the method is accurate and can be
used to investigate metatarsal head misalignments in this plane.

Objetivo Este estudo tem como objetivo descrever um novo método radiografico
com carga fisioldgica para visualizar as cabecas dos cinco metatarsos no plano coronal.
Métodos Os individuos foram radiograficamente avaliados com carga, com o tornozelo a
20° de flexdo plantar e as articulagdes metatarsofalangicas a 10° de extensao, posicionadas
em um dispositivo de madeira. As medidas foram aferidas por dois avaliadores indepen-
dentes, sendo que um deles mediu em dois momentos distintos, obtendo a correlacaointer
e intraobservador, com o coeficiente de correlacao intraclasses.

Resultados Examinamos 63 pés, obtendo um coeficiente de correlacdo interobservador
do método radiografico para as alturas das cabecas dos metatarsos no plano coronal do 1°,
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2°, 3°, 4° e 5° metatarsos de, respectivamente, 0,90, 0,85, 0,86, 0,83, 0,89. O
coeficiente de correlacdo intraobservador foi, respectivamente, 0,95, 0,93, 0,93,

0,86, 0,92.

Conclusao Essas correlacdes demonstram que o método é preciso e pode ser usado
para investigar os desalinhamentos de cabeca dos metatarsos nesse plano.

Introduction

Much is discussed about the position of metatarsal heads in
the coronal plane, with some authors defending the arch
disposition and others stating that the five heads position
themselves aligned in the same plan.’~10

Traditionally the transverse arch at the height of the
metatarsal head was considered existing, in a way that the
distal portions of the 15t and 5™ metatarsals would be closer
to the soil than the central ones during the load.”

The existence of the transverse arch at the height of the
metatarsal heads is quite controversial, and debated since
the mid-1800s, presenting contradictory results.?"!

While Leliévre,'? Mann,'> Sal6,' Sarrafian and Kelikian, '
and Viladot'®'” affirm that the metatarsals’ heads are
aligned in the coronal plane with load, Simonsen et al® and
Kapandji,'® among others,'®?? defend the three-point sup-
port theory, with the transverse arch with apex dorsal at the
head height of the 2"¢ metatarsal.

Walter-Muller (1926), Blondin-Walter (1948), Giintz
(1938) apud Lelilévre,'® Viladot,'” Suzuki et al,>! and Osher
etal?? propose different radiographic techniques to visualize
the disposition of metatarsal head in the coronal plane. Some
were criticized for not loading the foot, others for excessive
extension of the metatarsophalangeal joints. So far, there is
no consensus on what would be the physiological disposition
of the metatarsal heads with load in the coronal plane,
whether aligned or arched. It also questions what would
be the best radiographic method to evaluate this plan.

The shape and disposition of the metatarsal is considered to
have a direct impact on the load distribution of the feet. 1323
Changes in the physiological alignment of the metatarsal are
related to poor distribution of load, overloading several struc-
tures of the forefoot,®~8-24726 causing metatarsalgia.

The metatarsal heads are the most distal structures of these
bones that will dissipate the forefoot load during the gait
detachment phase. Thus, the alignment of these structures in
the coronal plane has an impact on the load distribution and
eventual lesions of the region, culminating in metatarsalgia.®~"'

Thus, knowing the physiological coronal alignment of the
metatarsal heads can give us an additional parameter to aid
the etiological diagnosis of metatarsalgia and complement
the correction surgical technique.?’

However, in order to adequately study this coronal align-
ment, it is essential to determine a precise and reproducible
radiographic method to evaluate the projection of the meta-
tarsal heads with load on the coronal plane.

Our hypothesis is that the proposed radiographic method
to assess the disposition of the heads of the five metatarsals
with load in the coronal plane is precise and can be used as an
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investigation of misalignments of the metatarsal heads in the
transverse arch of the forefoot.

The aim of the present study is to describe a new
radiographic method for visualizing the heads of the five
metatarsals in the coronal plane with load, evaluating its
accuracy and reproducibility through intra- and interobserv-
er correlation.

Materials and methods

The study project was approved by the Ethics and Institu-
tional Research Committee, with registration number
13000.

The patients were randomly recruited in the ankle and
foot service, respecting the inclusion and exclusion criteria.

The patients were instructed on what the research con-
sisted of, and the written consent term was obtained. Patients
who did not accept the term were not included in the study.

Aninitial clinical evaluation was performed, seeking specific
plantar complaints in the forefoot and proximal deformities.

Inclusion criteria

- Ambulatory patients, between 30 and 65years of age,
without restrictions on sex or race;

- Absence of rigid deformities in the midfoot, hindfoot, and
ankle;

- Absence of:

- Previous surgeries or fractures in the foot;

- Rheumatologic diseases and causes of secondary meta-
tarsalgia (tumor in the forefoot, Frieberg’s disease,
foreign body, Morton’s infection and neuroma not
associated with mechanical disturbance);

- Osteoneuromuscular syndromes;

- Unilateral amputation of the lower limb;

- Retrofoot alignments considered abnormal at physical
examination (valgus and varus).

Exclusion criterion
= Poor quality radiography that does not allow evaluation.

The individuals were submitted to an axial radiography with
forefoot load, evaluating the coronal plane.

Method for acquiring images

The patient was positioned in orthostasis, conferring load on
the foot with the ankle at 20° plantar flexion and 10°
extension of the metatarsophalangeal joints, with the foot



supported in a molded wooden bracket. The radiographic
film was supported immediately anterior and perpendicular
to the bracket.

The tube was positioned posterior to the calcaneus, so
that the rays incised from posterior to anterior parallel to the
horizontal support plane, 1 m from the radiographic film.
Each foot was radiographed in isolation, so that the contra-
lateral maintained a plantigrade load on a 2 cm tall wood
platform in the center of the bracket. (~Figure 1)

The wooden device consists of a flat rectangular base,
containing in its center another wood rectangle, 2 cm high,
allowing plantar support of the contralateral foot to the one
examined. On each side of this bracket, two ramps were
positioned. The posterior ramp is fixed, which allowed the
positioning of the ankle in equine of 20°, and the anterior ramo
is movable extending all metatarsophalangeal joints in 10°.

The anterior ramp moved in the longitudinal direction of
the feet, moving away or towards the heads of the meta-
tarsals, and rotating on the axial plane.

This mobility of the anterior ramp creates a space for
forefoot support, allowing the plantar region under the
heads of the five metatarsals to be supported in the same
plane. To standardize the position of the forefoot in this
space, there is a marking for the positioning of the head of the
5% metatarsal (~Figure 2).

The radiographic technical parameters for obtaining axial
projection were standardized for all patients and calibrated
so that it kept the ampoule with a focus of 100 mA, with 55 kV
at a focus-film distance of 100 cm, with exposure time of
0.1 second, 10 mA/s and using a 24 x 30 cm chassis for each
foot. The center of the rays’ focus was defined in the
topography of the head of the 2" metatarsal, with the
opening large enough to design the tibiotalar articular line,
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the malleolus, and the plantar face of the forefoot, with a 3-
cm region being visible plantar to the support level of the
wooden device.

The measurement of the incidence parameters of the
coronal plane of the forefoot with load was done with the
program Philips iSite Enterprises 4.1 (Philips Healthcare, Best,
Netherlands). Initially the load surface of the forefoot is locat-
ed.Itis the line in which the epidermis makes contact with the
wood, here called the support line. Subsequently, the point
most plantar of the head of each metatarsal is found. In the 1%
metatarsal, different from the other four, the load is distributed
in the sesamoids, so we use the most plantar point of the most
plantar sesamoid. From these five points, we traced five
perpendicular lines to the support line previously drawn,
gauging their distances in millimeters (~Figure 3).

So, we recruited 35 individuals, participating with 70 feet.

Radiographs were independently evaluated by two ortho-
pedists specializing in foot and ankle surgery. After 2 months,
they were reassessed by one of them. The examiners had no
access to the patients’ anamnesis data and physical exami-
nation, as well as the previous radiographic measurements,
at the time of radiographic measurement.

The inter- and intraobserver method error was evaluated
using the intraclass correlation coefficient for continuous
variables, with their respective confidence intervals.?®2° For
the comparison of the coefficients, we followed the guide-
lines of Landis and Koch.?®

Results

Thirty-five individuals (70 feet) were evaluated. In the initial
phase of the study, we were adjusting both the positioning of
the device and the radiographic technique, so seven feet

Fig.1 Positioning of the patient for the acquisition of axial radiography of the forefoot with load. (A) radiographic ampoule at T m away from the
film; (B) positioning of the ankle in 20° of equine, with 10° of finger extension in relation to the support; (C) total radiographed area.
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Fig. 2 Positioning bracket for radiographic acquisition. (A) top view with the anterior ramp in the most proximal position; (B) top view with the
anterior ramp in the most distal position. Blue arrow indicating the positioning of the 5™ metatarsal head; (C) top view with the previous round
ramp to accommodate the fingers; (D) posterior view, evidencing the central support of the device for the positioning of the foot contralaterally
to the examination; (E) side view, showing the anterior and posterior ramps.

were excluded due to poor radiography quality that made the
evaluation impossible.

The intra- and interobserver correlation was performed in
the remaining 63 feet, with 31 feet being the right-side ones,
and 91% of the individuals being male.

The results of the intra-observer evaluation are in = Table 1.

The results of the interobserver evaluation are in = Table 2.

The interobserver correlation coefficient of the radio-
graphic method for the heights in the coronal plane of the
15t 2nd, 374 4t and 5% metatarsal were, respectively, 0.90,
0.85, 0.86, 0.83, 0.89.

The intra-observer correlation coefficient of the radio-
graphic method for the heights in the coronal plane of the 1%,
2nd 314 4t apd 5™ metatarsal were, respectively, 0.95, 0.93,
0.93, 0.86, 0.92 (~Table 3).

Discussion

The aim of the present study was to evaluate the accuracy
and reproducibility of the use of axial radiography of the
forefoot with load. The technique was designed so that the
heads of the metatarsals could be adequately visualized by
creating clear and reproducible criteria for positioning the
feet with load on the platform.

The aim of the study was not to compare the coronal
alignment of the metatarsal heads between the patients, but
to assess the accuracy of the radiographic method. For this
reason, we did not divide patients into groups, by sex,
laterality or metatarsalgia and included unilateral and bilat-
eral radiographs of the individuals.

At the beginning of the study, we observed that if we kept
the positioning of the anterior and posterior ramps fixed and
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in direct contact, there would be no room to support the
whole forefoot in the same plane, forcing an artificial support
of each of the metatarsal heads. As the metatarsals have
different lengths, they were supported at different heights in
the ramps, projecting an axial radiographic image not com-
patible with the physiological load disposition.

The radiographic proposals of Suzuki et al?’ and Mittle-
meier and Haar®° to assess the position of sesamoids also
allow the assessment of lateral metatarsal heads. However,
as the devices described by them place the fixed anterior and
posterior ramps in contact, they position the heads of the
metatarsal inappropriately, being unsuitable for assessing
the alignment of the heads in the coronal plane with load.
That is one of the differences in our radiographic proposal.

Based on the 2004 study by Suzuki et al.,>! we adapted our
radiographic technique in relation to the distance and inci-
dence of the X- ray, so as to standardize all examinations,
avoiding differences in magnifications between radiographs.
The intensity of the radiation, as well as the exposure time,
were based on the studies of Osher et al?2 and Simonsen et al®
and modified so that we can accurately observe the radio-
graphic projection of the heads, reaching the parameters
proposed in our study.

Our first seven radiographic incidences were used to
adapt the adopted positioning and radiographic parameters.
For this reason, 7 feet were excluded for inadequate radio-
graphs, and we evaluated 63 feet.

Similarly to the study of Suzuki et al,”" we chose to position
the ankle with 20°of equine and 10° of extension of the
metatarsophalangeal joint in relation to the soil to reproduce
the moment of detachment of the foot in the calcaneal elevation
phase, when the forefoot is subjected to greater overload.>'—3
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Fig. 3 Visual aspect of axial radiography with forefoot load. (A) image obtained allowing the visualization of all forefoot; (B) line of support
drawn, marking the plane of the forefoot load; (C) from the most plantar points of the five rays we measure the distance to the line.

Table 1 Results of the measurements of the same evaluator at two different moments (evaluation intra-observer)

1%t evaluation 2"4 evaluation

Average 95%Cl SD Average 95%Cl SD
1t MTT 7.6 7.23-8.01 1.57 7.6 7.18-8.10 1.85
2nd MTT 12.2 11.80-12.54 1.50 12.0 11.70-12.40 1.40
3 MTT 10.7 10.45-11.06 1.24 10.6 10.27-11.01 1.50
4™ MTT 9.5 9.21-9.70 0.98 9.5 9.15-9.84 1.40
5t MTT 9.4 9.00-9.85 1.72 9.6 9.10-10.14 2.11

Abbreviations: Cl, confidence interval; MTT, metatarsal; SD, standard deviation.
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Table 2 Results of the measurements of the second evaluator

Average 95%Cl SD
1t MTT 7.2 6.76-7.70 1.86
2" MTT 11.7 11.40-12.10 | 1.47
39 MTT 10.4 9.98-10.75 | 1.56
40 MTT 9.2 8.81-9.53 1.46
5t MTT 9.3 8.80-9.82 2.06

Abbreviations: Cl, confidence interval; MTT, metatarsal; SD, standard
deviation.

Table 3 Interand intra-observer evaluation of axial radiography
of the forefoot with load

Interobserver | 95%Cl Intraobserver | 95%Cl

correlation correlation

coefficient coefficient
15tMTT | 0.9 0.843-0.940 | 0.95 0.921-0.970
2" MTT| 0.85 0.765-0.907 | 0.93 0.882-0.955
39 MTT | 0.86 0.776-0.912 | 0.93 0.883-0.955
4" MTT | 0.83 0.736-0.895 | 0.86 0.785-0.915
50 MTT | 0.89 0.824-0.932 | 0.92 0.877-0.953

Abbreviations: Cl, confidence interval; MTT, metatarsal.

However, unlike Suzuki et al,?! our device features a

previous mobile ramp that allows the skin under the heads
of the five metatarsals to rest on the same level of the wooden
bracket, avoiding artificial modifications of its heights in the
coronal plane by the support of the heads in different heights
on the previous ramp.

We used the head support point of the 5™ metatarsal as
the initial fixed parameter of positioning. Thus, we mobilized
the anterior ramp, for distal or proximal position, in order to
allow the cushion support under the five heads on the same
porch. We used to rotate the previous ramp, accommodating
the formula of the toes, to keep the five toes in the desired
extension.

To assess the reliability of the axial radiographic study, we
used intra- and inter-observer evaluation, according to
Simonsen et al® and Deleu et al.>* To classify the values of
the correlation coefficients, we used the orientation of Landis
and Koch.28 Thus, the results of the intra and interobserver
evaluation coefficients on axial radiography of the forefoot
with load showed a strong correlation, according to Landis
and Koch,?® for the five metatarsals.

We observed a better correlation in the intra and interob-
server evaluation in our study compared to that of Simonsen
et al,® probably related to the methodological difference and
the accuracy of the positioning of the two studies. Comparing
our correlation indexes with those of the sonographic study
by Wang et al,>> we observed, once again, greater correlation
accuracy in our study, especially when comparing the situa-
tion with load in the study by Wang et al. 3® The difference
can be explained by the difficulty in performing the sono-
graphic examination with the patient keeping load.
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The study subjects were not divided into groups with and
without metatarsalgia, which was a weakness of the study.
However, this has low impact on the evaluation of intra and
interobserver, since the objective was to evaluate the accu-
racy of the radiography obtained of each foot. The validation
of this methodology will allow the quantification of the
heights of the metatarsal heads with load in the coronal
plane, comparing groups with and without metatarsalgia in
later studies.

Conclusion

We present a new radiographic methodology to evaluate the
disposition of the five metatarsal heads with load, in the
coronal plane. The strong intra and interobserver correlation
demonstrate that the method is accurate and can be used to
investigate the dealignments of metatarsal heads in this
plane.
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