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1. Introduction

ABSTRACT

Background: First-ray hypermobility (FRHM) is a documented abnormality whose pathogenic role is
controversial. FRHM has been suggested to participate in many common disorders such as paediatric
hallux valgus and recurrence after hallux valgus surgery. The controversy is due to lack of functional data
on the first tarso-metatarsal joint (TMT1) in real-life situations, to its major anatomical variability, and
to the absence of simple investigation methods. The objective of this study was to assess the feasibility
and the inter- and intra-observer reproducibility of a new dynamic ultrasound test that quantifies TMT1
mobility and is simple to use provided a good-quality ultrasound machine is available.
Hypothesis: The new ultrasound TMT1 mobility test is reproducible.
Material and methods: The 32 feet of 16 consecutive patients whose first ray was considered normal
were included. Ultrasonography was performed at rest and during a stress test consisting in causing
TMT1 gaping by applying a distal dorsal drawer movement to the first metatarsal. The two plantar bony
prominences on either side of the TMT1 were identified, and the distance between them was measured
at rest and during the stress test. The stress/rest ratio was computed. Each foot was tested twice by two
different examiners, for a total of 128 tests.
Results: Mean TMT1 gaping distance was 1.38mm (range, 1.01-2.02mm) at rest and 1.67mm (range,
1.12-2.95mm). The mean stress/rest ratio was 1.21 (range, 1.02-1.62). Both inter- and intra-observer
reliability was strong for all measured parameters.
Discussion: A simple and reproducible ultrasound test for measuring TMT1 mobility is described for the
first time. The good reproducibility confirms the working hypothesis. This preliminary study was designed
to validate the new test. The measured values need to be assessed in various disorders including FRHM,
for which the test was designed. Should the results prove conclusive, the TMT1 gaping test may become
a pivotal diagnostic tool.
Level of evidence: 1V, diagnostic study.

© 2019 Elsevier Masson SAS. All rights reserved.

This controversy is partly attributable to the absence of reli-
able quantitative data on the normal TMT1 motion range. The most

First-ray hypermobility (FRHM), also known as metatarso-
cuneiform joint or first tarso-metatarsal joint (TMT1) laxity, is
controversial [ 1-4]. However, associations have been reported link-
ing FRHM to several pathological events such as hallux valgus
recurrence after surgery [5-10]. Thus, Lapidus or modified Lapidus
TMTT1 fusion, the reference standard treatment for FRHM, has been
suggested for patients with failed hallux valgus surgery [5,11,12].
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accurate studies were done on cadavers [13,14]. In vivo, studies are
less reliable because they were based on less accurate measure-
ments obtained from skin markers [15,16].

To our knowledge, a single study has assessed in vivo TMT1
motion range in healthy individuals, using temporarily inserted
intra-cortical pins [ 14]. This method allowed an evaluation of TMT1
mobility during normal walking. Mean TMT1 motion range was
5.3° in the sagittal plane (plantar/dorsal flexion), 5.4° in the coro-
nal plane (pronation/supination), and 6.1° in the transverse plane
(adduction/abduction). However, although the experimental set-
up replicated real-life conditions, the inter-subject coefficient of
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multiple correlations was less than 0.3, indicating considerable
variability in TMT1 mobility.

This functional variability is associated with marked anatomi-
cal variability affecting both the distal articular facet of the medial
cuneiform (C1) [17-19] and the base of the first metatarsal (M1)
[20]. Hyer et al. also suggested an age-related increase in obliquity
of the first metatarsal base and a role for this anatomical region in
the development of acquired hallux valgus [20].

Nonetheless, considerable progress has been made in clinical
and imaging-study assessments of the TMT1 aimed at detecting
FRHM. A complex angle-measurement device was described by
Klaue et al. [21] and a device for measuring drawer mobility by
Glasoe et al. [22]. Kim et al. developed a simpler device [23]. Fritz
et al. reported a radiographic test [24]. Thus, several methods are
available for measuring TMT1 mobility in the sagittal plane. How-
ever, they are cumbersome and therefore ill-suited to everyday
clinical practice.

Ultrasonography is being increasingly used, not only by expe-
rienced musculo-skeletal radiologists, but also by non-radiologists
who have limited experience with ultrasonography, as an adjunct
to the physical examination.

The objective of this study was to assess the feasibility and the
inter- and intra-observer reproducibility of a new dynamic ultra-
sound test that objectively quantifies TMT1 mobility and is simple
to use provided a good-quality ultrasound machine is available. The
working hypothesis was that this new test is reproducible.

2. Patients and methods

This non-interventional single-centre study was carried out
between September 2016 and January 2018 after receiving
approval from our institutional review board (#CERC-VS-2018-02-
1). Patients were informed about the study and signed a consent
form to the use of their anonymised data at the same time as the
consent form for the surgical procedure.

2.1. Inclusion and exclusion criteria

We included consecutive patients who were admitted to our
centre for surgery on the second to fifth rays, but not the first ray,
or on a Morton’s neuroma; had no history of surgery on either foot;
and had no symptoms from the first ray of either foot.

Exclusion criteria were conditions that might modify the prox-
imal and/or distal motion ranges of the first ray, i.e., of the TMT1
and/or first metatarso-phalangeal joint (MTP1), such as acquired or
constitutional laxity, neurological disorders, radiographic evidence
of TMT1 osteoarthritis, pes planus valgus, pes cavus, and hallux
valgus with metatarsus varus greater than 12°.

During the study period, 16 patients met these selection crite-
ria, 14 females and 2 males with a mean age of 50.1 years (range,
(21.4-72.6),amean height of 161.7cm (range, 152.3-170.2),amean
body weight of 60.2kg (range, 47.0-74.2), and a mean body mass
index of 23.8kg/m? (range, 20.2-32.4). The study was performed
on the 32 feet of these 16 patients.

2.2. Description of the ultrasound test

All patients underwent surgery under ankle nerve block anaes-
thesia administered with ultrasound guidance. The ultrasound test
took place during this anaesthetic procedure before the first anaes-
thetic agent injection, using a portable ultrasound machine (LOGIQ
E, GE Healthcare, Chicago, IL, USA) with a flat 12-MHz probe.

When loading the forefoot during the stance phase of walking,
the mechanical forces are applied vertically from the ground up
under the metatarsal heads. The resulting movement of the M1

Fig. 1. Positioning of the foot before the ultrasound scan. The patient is supine
with the ankle in moderate plantar flexion. Strong passive dorsal flexion of the first
metatarso-phalangeal joint causes the planar aponeurosis to bulge under the skin.

Fig. 2. Positioning of the ultrasound probe for the measurement at rest. The probe is
placed longitudinally along the medial edge of the plantar aponeurosis and centred
on the plantar aspect of the first metatarso-cuneiform joint.

head can be replicated clinically by a dorsal drawer manoeuvre,
which induces dorsal flexion with plantar gaping of the TMT1.
The new test described here consists in using ultrasonography
to measure the amount of plantar TMT1 gaping induced by a distal
dorsal drawer manoeuvre applied to the head of M1. The patient
is supine with the ankle in the neutral position (slight plantar flex-
ion). The medial edge of the plantar aponeurosis is identified by
inducing forced passive dorsal flexion of the MTP1 joint (Fig. 1).
The ultrasound probe is then positioned parallel to the aponeu-
rosis edge, over the TMT1 (Fig. 2). Three structures then become
visible (Fig. 3): the anechoic joint space at the centre, the plantar
prominence of the M1 base distally, and the plantar prominence
of the distal end of the C1 proximally. A static image is obtained
to measure the distance between the two bony prominences on
either side of the joint space, designated plantar TMT1 gap herein,
in millimetres. A stress test is then performed by applying a dor-
sal drawer manoeuvre to the M1 head to induce plantar gaping of
the TMT1 joint. A static ultrasound image in this position serves to
identify the same structures and to measure the plantar TMT1 gap
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d=1,8mm

Fig. 3. Ultrasound measurements at rest. C1: edge of the joint surface of the medial
cuneiform; M1: edge of the joint surface of the first metatarsal; d: distance between
C1 and M1 in the resting position (resting plantar TMT1 gap).

d=2,1mm

Fig.4. Ultrasound measurements during the stress manoeuvre. C1: edge of the joint
surface of the medial cuneiform; M1: edge of the joint surface of the first metatarsal;
d: distance between C1 and M1 in the stress position (stress plantar TMT1 gap).

(Fig. 4). Finally, the ratio of the values obtained during the stress
test and at rest is computed.

2.3. Inter- and intra-observer reproducibility and statistical
methods

For the assessment of inter- and intra-observer reproducibility,
measurements were performed by two observers (YS and TB). Both
were orthopaedic surgeons specialised in foot and ankle surgery
and having only limited experience with osteo-articular ultra-
sonography. The measurements were performed during the same
session, twice by observer 1 then twice by observer 2. The mea-
sured values were recorded, then immediately masked to blind
each observer to the other observer’s values and to his previous
values. Thus, each TMT1 was tested four times, yielding a total of
128 tests for the 32 feet.

Stata IC software version 10.0 (StataCorp, College Station, TX,
USA) was used for the statistical analyses. We estimated the sam-
ple size needed to obtain a Pearson correlation coefficient (p) of

Table 1

0.8 with a confidence interval width (w) of 0.2 and a risk of Type
I error (o) of 0.05. The confidence interval was then [0.74; 0.94],
with a width of 0.225. The required sample size was 20.7, i.e.,
21 feet. To allow for ultrasonography being inconclusive in some
cases, we planned to include 30 feet, i.e., 15 patients. Data distri-
bution normality was checked using the Shapiro-Wilk test and the
homogeneity of variance assumption using Bartlett’s test. Statis-
tical correlations between values obtained by the same observer
and by the two different observers were assessed using Pearson’s
correlation coefficient (r), which was interpreted as follows: >0.5,
strong correlation; 0.3-0.5, moderate correlation; 0.1-0.3, weak
correlation; and <0.1, no correlation. Intra- and inter-observer
reproducibility of the measurements was evaluated by computing
the intra-class coefficient (ICC), which was interpreted as follows:
>0.75, excellent; 0.40-0.75, good; and < 0.40, poor. For all correla-
tions, values of p lower than 0.05 were taken to indicate statistical
significance.

3. Results

Mean plantar TMT1 gap for the 128 measurements was
1.38+0.21mm (range, 1.01-2.02mm) at rest and 1.67 +0.35mm
(range, 1.12-2.95mm) during the stress test. The rest and stress
values differed significantly in each patient (p <10°), with a mean
difference of 0.29mm. The mean stress/rest ratio was 1.21+0.13
(range, 1.02-1.62).

3.1. Intra-observer reproducibility

The test-retest correlation was strong. For each observer, the
values were 0.65 and 0.74 (p < 10°) for the measurements at rest,
0.70 and 0.77 (p < 10°) for the measurements during the stress test,
and 0.66 and 0.67 (p < 10°) for the stress/rest ratio (Table 1).

For each observer, agreement between the two measurements
of the same joint was good or excellent, with ICCs of 0.67 and 0.76
(p<10°) at rest, 0.68 and 0.88 (p<10°) during the stress test, and
0.67 and 0.83 (p < 10°) for the stress/rest ratio.

3.2. Inter-observer reproducibility

The correlations ranged from moderate to strong, with values
of 0.40 (p=0.01) and 0.69 (p<10°) at rest, 0.59 (p=0.0002) and
0.77 (p<10°) during the stress test, and 0.39 (p=0.02) and 0.51
(p=0.002) for the stress/rest ratio (Table 2).

Inter-observer agreement was consistently significant and usu-
ally good, with ICC values of 0.39 (p=0.009) to 0.69 (p < 10°) at rest,
0.65 to 0.70 (p<103) during the stress test, and 0.31 (p=0.03) to
0.56 (p=0.0002) for the stress/rest ratio.

4. Discussion

Our findings confirm our working hypothesis that the new ultra-
sound test TMT1 mobility test described here is reproducible. Our
study is innovative since, to our knowledge, it is the first published
description of a dynamic ultrasound test for directly evaluating the
mobility of the TMT1. Several methods that quantify FRHM have

Intra-observer reproducibility: Pearson’s correlation coefficient (r) and intra-class correlation coefficient (ICC).

Rest Stress Stress/rest ratio
r ICC r ICC r ICC
Observer 1 r=0.65 (strong) p=0.67 (good) r=0.77 (strong) p=0.88 (excellent) r=0.66 (strong) p =288 (excellent)
p<0.00001 p<0.00001 p<0.00001 p<0.00001 p<0.00001 p<0.00001
Observer 2 r=0.74 (strong) p=0.76 (excellent) r=0.70 (strong) p=0.68 (good) r=0.67 (strong) p=0.68 (good)
p<0.00001 p<0.00001 p<0.00001 p<0.00001 p<0.00001 p<0.00001
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Table 2
Inter-observer reproducibility.
Observer 1
Plantar TMT1 gap at rest Plantar TMT1 gap during the stress manoeuvre Stress/rest ratio
Evaluation 1 Evaluation 2 Evaluation 1 Evaluation 2 Evaluation 1 Evaluation 2

Observer 2 Evaluation r=0.40 (moderate) p=0.01 r=0.69 (strong) p<10> r=0.71(strong) p<10° r=0.77(strong) p<10° r=0.39 (moderate) p=0.02 r=0.47 (moderate) p=0.004

1 p=0.39 (weak) p=0.009 p=0.67 (good) p<10° p=0.66(good) p<10° p=0.70 (good) p<10° p=0.31(poor) p=0.03 p=0.56 (good) p=0.0002
Evaluation r=0.41 (moderate) p=0.01 r=0.64 (strong) p<10° r=0.68(strong) p<10° r=0.59(strong) p<10° r=0.51(strong) p=0.002 r=0.48 (moderate) p=0.004
2 p=0.41 (good) p=0.006 p=0.69 (good) p<10° p=0.68 (good) p<10°> p=0.65(good) p<10° p=0.38 (poor) p=0.01 p=0.50 (good) p=0.0009

r: Pearson’s correlation coefficient; p: intra-class correlation coefficient (ICC).
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been validated and shown to correlate with one another [21-23].
However, they are not suitable for everyday practice either because
they are cumbersome to implement or because the measurement
devices they rely on are not commercially available and must there-
fore be made in-house. The test we describe here is simple and
available, even to surgeons who have little experience with ultra-
sonography.

When designing the test, we elected not to use the cartilaginous
edges of the joint, as their low echogenicity makes them difficult
to identify accurately. Instead, we used bony prominences, which
are highly echogenic and consequently easy to identify. The wide
variability in their anatomical features was not an obstacle, since
the objective of this study was not to describe the TMT1 using a new
modality but to measure the joint mobility based on the identified
bony landmarks. The anatomical variability translated in our study
into a fairly broad range of plantar TMT1 gap values, both at rest
and during the stress test. These differences in values do not provide
any information per se. They had no adverse effect on the validity of
the test, which was found to be reproducible over a wide spectrum
of values.

The plantar TMT1 gap differed significantly at rest and during
the stress test, confirming the ability of the ultrasound measure-
ment to detect the effects of the drawer manoeuvre performed by
the surgeon. The mean stress/rest ratio was 1.21 (range, 1.02-1.62).
This ratio quantifies the movement of the joint when it transitions
from the resting position to the extreme dorsal drawer position.
Since the ratio has no physical dimension, it is independent from
the anatomical features of the individual patient and can be used
to compare individuals of different height and habitus. We decided
to use this ratio based on previous work by others at other joints.
At the knee, for instance, the Caton-Deschamps index for mea-
suring patellar height [25] is a well-validated tool that has been
extensively disseminated and is widely used. As a dimensionless
ratio of two distances, the Caton-Deschamps index is independent
from patient’s height and from the scale used to print or display
the radiographic images. Similarly, the stress/rest ratio used in our
study holds promise as a diagnostic tool that is only minimally
affected by anatomical variability.

The dynamic test described here evaluates TMT1 mobility in the
sagittal plane. It measures plantar gaping, i.e., the relative displace-
ment away from each other of the plantar edges of the joint surfaces
of M1 and C1, during a passive movement, which is only limited by
the TMT1 capsule and ligaments. Consequently, our test may prove
particularly useful for evaluating FRHM.

Our test does not evaluate TMT1 mediolateral movements, those
due to axial rotation of M1 [26], or those occurring in the dorso-
medial direction. Emphasis has been put on the multidirectionality
of FRHM, notably in the pathogenesis of hallux valgus. However,
the difficulty in measuring mobility in planes other than the sagittal
plane is well recognised. Our test does not provide information on
these other directions of motion but considerably simplifies the
assessment of mobility in the sagittal plane.

After this first technical validation step, we must now assess the
diagnostic usefulness of our test by comparing its results to those of
accepted diagnostic tools. The preliminary work reported here was
necessary before embarking on a more ambitious phase II study of
diagnostic performance versus a reference standard.

The choice between conservative surgery by metatarsal
osteotomy and Lapidus-type fusion for the treatment of hallux val-
gus remains a matter of debate. Conservative hallux valgus surgery
was followed by the resolution of FRHM in several studies [27,28].
No correlations were found linking FRHM to anatomical or radio-
graphic features of the TMT1 [29]. However, FRHM has been blamed
for making a major contribution to postoperative recurrence, and
studies have suggested that it may be underdiagnosed [5-9]. Given
the absence of a simple and widely available test, identifying and

quantifying FRHM has indeed been challenging. We hope that our
test will eventually fill this gap as a simple diagnostic tool, partic-
ularly as portable ultrasound machines are becoming increasingly
available.

A potential limitation of our study is the fast pace of improve-
ments made in the field of ultrasonography. The flat thick 12-MHz
probes used in our study are probably less effective and less well
suited to the region of the sole overlying the TMT1 compared to
higher frequency golf club probes. The availability of increasingly
sophisticated equipment and the accumulation of ultrasonography
experience by surgeons will no doubt further improve the accuracy
and reproducibility of our plantar TMT1 gaping test. However, given
our limited experience with ultrasonography, a simple probe was
sufficient for statistical validation of our test and confirmation of
our working hypothesis. Another potential limitation is that our
patients were scheduled for foot surgery. Although no patient had
clinical abnormalities related to the first ray, we cannot be sure that
the first ray was entirely normal. Associations exist between dis-
orders of the lateral rays and mild or subclinical abnormalities of
the first ray. We applied stringent inclusion and exclusion criteria
to minimise this potential source of bias. However, evaluating the
reproducibility of a test is not the same as assessing its diagnostic
performance. Our objective was to assess reproducibility, without
taking the specific values into account. Given this point, we also
believe that including both feet of each study patient does not limit
the validity of our results.

5. Conclusion

We describe the first ultrasound test for evaluating plantar TMT1
mobility. Its main advantages are good reproducibility, simplicity,
and independence from inter-individual anatomical variability. It
opens up new prospects for elucidating controversial conditions
such as FRHM.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.0tsr.2019.02.016.
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