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Introduction

Hypermobility of the first ray (FRH) has been de-
scribed as a relatively increased arc of motion with re-
spect to the second metatarsal bone (MB), and lacks a 
firm end point (1). In simple terms, it is an “abnormal 
and excessive mobility in dorsi-flexion of the first metatarsal 
head, due to instability of the First  Metatarsal-Cuneiform 
Joint (I-MTCJ)” (2) not only in the sagittal plane, but also 
in the transverse one. Clinically, in normal conditions, 

applying a dorsiflexion force under the head of the first 
MB, its lower margin does not exceed the plane of the 
lesser metatarsal heads. In case of FRH, alterations of 
normal foot mechanics are present. While walking, for 
example, the vertical reaction force to the ground raises 
the first metatarsal head over the plane of the lesser meta-
tarsal heads, moving the load onto the lesser metatarsals. 
This can lead to a collapse of the internal longitudinal 
arch of the foot, compromising the propulsive phase of  
the gait.
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Historically, the first author to define the concept 
of I-MTCJ hypermobility was the anatomist of Co-
lumbia University, Dudley Morton (3) in 1928, who 
speculated that FRH may have been due to unusually 
free motion in the joint between the inner cuneiform 
and scaphoid bones, and between the inner and middle 
cuneiforms. He also defined a clinical method to assess 
FRH (Figure 1). However, hypermobility was defined 
as an arbitrarily excessive motion, without finding a 
way to quantify the examination. Then, in the 1930s, 
Lapidus (4–6) proposed an association between in-
creased first ray mobility (FRM) and the development 
of hallux valgus (HV). However, neither Morton nor 
Lapidus were able to quantify the magnitude of FRM 
in any of their studies and based their findings on sub-
jective clinical examination. In 1971, Courriades (7) 
was credited first with recognizing that FRH was a 
distinct clinical entity. 

Rodgers and Cavanagh in 1986 (8) were the first 
researchers to measure dorsal motion of the first ray 
(FR) with a mechanical prototype device which was 
reengineered by Glasoe et al. in 1999. Measures of dor-
sal mobility with this new device have been judged valid 
and reliable by radiographic comparison. In 1990, Ro-
mash et al. demonstrated objective evidence of trans-
verse hypermobility by performing a clinical squeeze 
test (9). Although an isolated transverse motion of the 
I-MTCJ is only a few degrees, the mobility can result in 
a large deviation of the distal metatarsal head. 

In 1994, Klaue et al. introduced a non-invasive 
device to quantify dorsal I-MTCJ mobility with a 
numeric value (10). However, they were unable to se-
lectively differentiate any of the joints of the medial 

column of the foot. This device has been used in sev-
eral studies (11–15) and has been shown to be depend-
able, allowing the definition of FRH as a dorsal dis-
placement of more than 8 to 10 mm to a lack of a firm 
endpoint (16). More recently, Singh et al. (17), using 
the same device, considered the measurement of FRM 
to be more adequate in a 45° dorso-medial direction 
(Figure 2), respecting the natural movement of the FR 
on the transverse plane during walking and defining it 
hypermobile at 10 mm displacement (Figures 3 and 4).  
Previously, Faber et al. (18) in 1999, observed that the 
relative contribution of first tarsometatarsal mobility 
to FRM is more pronounced in the transverse plane as 
opposed to the sagittal plane.

In 2006, normal dorsal mobility was reported by 
Glasoe and Coughlin (19) in a consensus statement 
to average 5 mm in normal adults, while pathologic 
mobility or hypermobility was defined as greater than 
8 mm of sagittal translation to stress (1, 10, 12). How-
ever, in the literature there is no factual definition that 
exactly quantifies this overextension during walking of 
the FR with respect to the lesser ones. This lack of a 
precise definition may suggest a lack of understand-
ing of the clinical results associated with FRM (20). 
Because of the intersegmental nature of foot motion, 
the measurement of dorsal FRM cannot be ascribed to 
only one specific joint as it involves more bones, and 
because the load imposed is not easily controlled, dif-
ferent methods yield different results.

In the early 2000s, many authors including Ward 
Glasoe (19, 21) and Thomas Michaud (22–24) sug-
gested that this overelevation and translation of the 
first MB relative to the second one in a sagittal plane, 

Figure 1. A and B: Manual examination to clinically assess 
FRM according to Morton. A dorsally directed forced is ap-
plied to the first ray with one hand, while other hand stabilises 
second to fifth metatarsals.

Figure 2. A and B: Manual examination to clinically assess 
FRM by displacing the first metatarsal head at an angle of 45 
degrees to the transverse plane.
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Figure 3. Correct position of foot for the measurement of FRM 
using the Klaue device: A) the foot is placed in the ankle ortho-
sis with the ankle in neutral position and calf, ankle and midfoot 
are immobilised; B) the micrometre overlies the first metatarsal 
head in order to measure the mobility first in the sagittal plane.

Figure 4. With one hand, the examiner immobilises second to 
fifth metatarsal bones, and with the other hand, exerts a force on 
the plantar side of the first metatarsal head, first A) in a purely 
dorsal direction; and then B) at a dorsomedial angle of 45  degrees  
to the transverse plane. Displacements were measured with the 
patient sitting in a non-weightbearing position, according to 
the method established by Klaue.

leads to overload of other MBs causing a wide range 
of disorders, such as HV synovitis, lesser metatarsal 
stress fractures, metatarsalgia and interdigital neuromas  
(19, 25, 26). 

The clinical diagnosis of hypermobility in a sag-
ittal plane is basically based on the drawer’s sign. 
Although several different methods have been pro-
posed, all describe increased dorsal excursion with a 
soft end point (Figures 1-5), making the quantifica-
tion in a clinical setting of what constitutes hypermo-
bility in the sagittal plane difficult. Measurement of 
the FRH in the transverse plane can be documented 
both  clinically and radiographically, manifested by an 
increased intermetatarsal angle (IMA), as showed by 
Singh and Romash (9, 17). 

The controversy in the English literature about 
the association between HV and FRH regards whether 

hypermobility is a real pathology, or is a consequence 
of a deformity. The best strategies for management of 
FRH and HV are in question. It has been shown that 
there is also a significant relationship between radio-
graphic malreduction of sesamoids and recurrence of 
HV deformities (27, 28), which is why their subluxa-
tion is normally measured in the most recent studies 
about HV deformity correction. Perhaps FRH should 
be among the parameters to be corrected if present 
during HV treatment. Its routine assessment pre- and 
post-operatively at different follow-up points as the 
other widespread known parameters used for HV cor-
rection evaluation should seem important. The purpose 
of this narrative review is to summarise the most influ-
ential publications relating to FRH to increase knowl-
edge and promote its conventional assessment during 
the clinical practice and the pre- and post- operative  
evaluations of several HV surgical procedures.

Anatomy of the First Ray

The FR is defined as a single functional foot 
unit, whose bone components consist of the great 
toe phalanges, sesamoids, first MB and medial cu-
neiform bone. The various bones of the FR have a 
moderately defined space arrangement, and a varia-
tion in their relationships in the three planes of space 
can be a sign of foot pathologies such as HV. One 
of the most characteristic signs of the alteration of 
the normal anatomy of the FR is the variation of the 
space relationship between the sesamoid bones and 
the first MB. This alteration could have four progres-
sive degrees of gravity on the transverse plane, and 
three degrees of gravity on the coronal plane. These 
pathognomonic signs can be investigated using 3D 
methods, which manage to represent in a single figure 
the space alteration of the relationships between the 
bones of the FR (29).

There are also other joints that are involved in 
FRM: between the medial cuneiform and the navicu-
lar bone, between the medial cuneiform and the inter-
mediate cuneiform and the articulation between the 
medial cuneiform and the second metatarsal base (30–
32). An important factor of anatomical potential in-
stability of the FR is the absence of the intermetatarsal 
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ligament. This structure is present among all the minor 
metatarsals; it is instead absent between the first and 
second rays (21). The absence of the intermetatarsal 
ligament between the first and second rays could be 
the reason why there can be no Morton neuroma in 
the first intermetatarsal space.

Anatomic structures serve as stabilisation factors 
of the FR. The dorsal and interosseus ligaments and 
above all, the plantar first MTC ligament are the most 
important stabilisers in the sagittal plane and in FR 
motion in general (26). Also the peroneus longus and 
flexor hallucis longus tendons contribute to minimise 
instability of the I-MTCJ during dorsi-flexion (33): 
they provide significant contribution to dorsal and 
medial stability with a larger role in the sagittal plane 
(34). Further, the role of the plantar fascia is crucial 
in foot stability (35), and Sarrafian specified the plan-
tar aponeurosis as a critical component of FR stability 
(35). Grebing and Coughlin found an increased FRM 
when the ankle is plantarflexed and vice-versa when 
the ankle is dorsiflexed. These authors concluded that 
the plantar fascia is a key stabiliser of FR, but based 
on these findings, Doty et al. assessed that the align-
ment confers stability, rather than instability leading to 
malalignment (36, 37).

The Biomechanics of the I-MTC Joint and the First 
Ray

During walking, the forefoot has to be flexible 
to absorb ground reaction but also stiff to sustain the 
body weight and stressing activities (38). To support 
the arch of the foot, the human foot needs stability, es-
pecially at the I-MTCJ. This stability gives strength to 
the medial column (39), which is necessary and adapt-
ed for bipedal gait and propulsion (26, 40). Ideally, the 
human foot would have a rigid FR, to provide a long 
and rigid lever arm for the Achilles tendon during the 
heel rise phase of the gait cycle (26, 41). 

Dullaert et al. supported the importance of per-
oneus longus function in maintaining medial longitu-
dinal arch for the stability of the I-MTCJ (42). When 
the foot moves into the sagittal plane, the FR can spin 
around its axis. During the dorsiflexion of the foot, the 
FR inverts; during the plantarflexion of the foot, the 

FR everts. I-MTCJ has also mobility in the transversal 
plane. The biomechanical axis of the I-MTCJ motion 
is on a plane from 45° to 60° in a dorsomedial direction, 
thus allowing a movement of the first metatarsal head 
from a plantar-lateral to a dorso-medial position. The 
triplane movement of the first MB is inversion and ad-
duction during dorsiflexion, and eversion and abduc-
tion during plantarflexion. This type of movement is 
commonly named ‘‘pronation of the FR” (21). 

Because of these multi-plane movements, it is un-
derstandable how difficult it is to quantify FRM. Due 
to the number of joints which participate in the normal 
motion of the FR and the consequent intersegmental 
motion of foot, accurate measurement of hypermobil-
ity cannot be made only in the dorsal direction, con-
sidering only one joint movement and applying a load 
not precisely controlled (25). However, we must adopt 
a method to measure it in clinical sitting. 

Initially Root et al. proposed that the normal FRM 
was 5 mm of dorsiflexion and 5 mm of plantarflexion in 
the sagittal plane (44), but lacked real scientific meas-
urements. Later, various authors started to use different 
instruments to quantify the measurement (10, 45–47), 
even if not considering movement in the frontal plane 
of the FR. Klaue et al. reported that the dorsiflexion 
of the FR was normally 5.3 mm, and various authors 
have then used his device, obtaining diverse results from  
4.4 mm to 7.2 mm (17, 36, 45, 48, 49). Dorsiflexion 
ranges from 3 to 8 mm in healthy adults, and one article 
authored in 2006 by Glasoe and Coughlin defined FRH 
when the value exceeds 8 mm (19).

 While walking, the I-MTCJ has mobility in the 
sagittal plane. Some authors try to measure it ignor-
ing the changes which take place in the frontal plane  
(14, 50) and have considered FRH as only a sagittal 
plane instability, not considering the relevance of mo-
tion in the transversal plane. The normal biomechani-
cal axis of the I-MTCJ is a plane between 45° and 
60°. For this reason, Singh et al. proposed considering 
FRH in the presence of a dorsal displacement more 
than 10 mm with FR pushed into the dorso-medial 
direction at an angle of 45° (17). According to these 
authors, the mean FRM in the 45° dorso-medial di-
rection is 8.3 mm in patients with HV compared to 
a control group (Figures 2 and 4). In a recent study, 
gait analysis revealed a dynamic elevation of the FR 
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at the level of I-MTCJ in the sagittal plane, but also 
a pronation and adduction of the first MB is apparent 
(51). Hence, I-MTCJ motion in the transversal plane 
is important and must be considered.

According to recently published literature, the 
average range of the FR is of about 6 mm of dorsi-
flexion and about 6 mm of plantarflexion, for a total 
range of motion of about 12 mm (45). Geng et al.  
assessed that movement of I-MTCJ during weight-
bearing is as follows: dorsiflexion, supination and   
internal rotation, suggesting that FRH occurs in mul-
tiple planes in patients with HV deformity (52). 

Feet with low arches and real clinical flatfoot de-
formity have increased measures of FRM compared to 
those with high arches. This supports the concept of 
medial column laxity as a component in the develop-
ment of flatfoot deformity (53). Other authors describe 
medial column hypermobility in planovalgus feet with 
tarsometatarsal arthritis. FR instability results in a loss 
of ability to resist the vertical ground reaction forces, 
and this leads to laterally displaced forces concentrat-
ing on the second and third MBs and midfoot struc-
tures, which leads to the development of tarsometa-
tarsal osteoarthritis (54). However, Heng et al. have 
described no correlation between FRM and posterior 
tibial tendon dysfunction in flatfoot, although this  
relationship is still under discussion (55). 

Clinical and Radiographic Measurements of First 
Ray Mobility

Morton was the first to describe a clinical method 
to define FRH with a provocative test which is still 
widely used (3). One hand of the examiner applies a 
dorsal force to the head of the first MB while stabiliz-
ing the lateral four MBs with the other hand. The test is 
positive when the first metatarsal head translates dor-
sally relative to the second metatarsal head in a coronal 
plane (Figure 1). This is a highly reproducible test, but 
it lacks a quantifying scale of severity, and it has many 
interobserver errors (56). According to Grebing et al., 
the magnitude of FRM at clinical examination varies 
with the position of ankle dorsiflexion/ plantarflexion; 
hence, the provocative test has to be done in a neu-
tral ankle position. This is due to the key stabilising 

effect of plantar fascia aponeurosis, whose tension is 
 modified by ankle position (36, 41). 

In the 1970s, Root at al. introduced an alterna-
tive clinical measurement: with one hand the examiner 
stabilises the lesser four MBs, and with the other hand 
applies alternately a dorsal force and a plantar force to 
the head of the first metatarsal. A hypermobile FR is 
defined when the dorsiflexion exceeds the plantarflex-
ion. This is the difference from Morton’s manual ex-
amination. Other authors still suggest that the FR can 
be defined hypermobile if a dorsal stress force elevates 
the head of the first MB above the plane of the minor 
metatarsals (57). 

Handheld rulers can assist in standardizing the 
measurement of FRM (Figure 5); three different rul-
ers have been described in literature. The “Kilmartin 
Sagittal Raynger” rulers were described in 1990 by 
Wallace and Kilmartin. These two portable rulers are 
placed on the plantar surface of the foot. They are two 
side-to-side moving rulers that can measure the dor-
sal displacement of the FR, as the examiner applies a 
plantar force on it (58). Another type of ruler was de-
scribed by Lee and Kim in 2008, naming it the “Euliji 
Medical Center (EMC) ruler”. This tool is composed 
of two small pieces of a metal ruler bent at right angles, 
marked in 1-mm gradations. The examiner applies a 

Figure 5. Manual examination to clinically assess FRM using 
handheld rulers.
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Authors Device Description

Rodgers and Cavanagh 
1986

Mechanical device 
with electronic sensor

This mechanical device applies a load beneath the first ray and then  
calculates its plantar displacement through an electronic sensor

Wallace and Kilmartin 
1990 

Kilmartin Sagittal 
Raynger

Moveable rulers to measure the displacement as an examiner dorsiflexes the 
first ray

Klaue et al. 1994 Klaue device Modelled from an ankle foot orthosis with a suspended caliper on the first 
metatarsal that measures the dorsal displacement when the first ray is moved 
manually (figure 3 and 4)

Glasoe et al. 1998 Glasoe device Similar to Klaue device. This one stabilises the hindfoot, and the first ray is 
moved mechanically with a load

Lee and Kim 2008 Eulji Medical Center 
(EMC) ruler

Two-piece plastic rulers that are placed on the dorsum of the first and  
second metatarsals with dorsiflexion of first ray (figure 5)

Greisberg et al. 2010 Greisberg rulers Two similar EMC rulers, but the authors measured metatarsal elevation and 
not translation, which was assessed with pressure placed under the first and 
the lesser metatarsals simultaneously. An increased first metatarsal elevation 
would tend to transfer load to the lesser metatarsals

Table 1. Devices used to clinically assess the Hypermobility of the First Ray

dorsiflexion force on the FR, and measurement of the 
FRM is made by balancing the ruler with the shorter 
limb on the dorsum of the first metatarsal head, and 
the ruler with the longer limb on the dorsum of lesser 
metatarsal head (47). Greisberg et al. ideated another 
handheld ruler in 2010, also used for another study in 
2012 (26, 59). These rulers are a modification of the 
EMC one, with the first ruler placed on the plan-
tar surface of the first metatarsal head, and the other 
on the plantar surface of the lesser metatarsal heads.  
As the FR is dorsiflexed, measurements are read di-
rectly off the ruler (26). Measurement by handheld 
rulers is burdened by the same reproducibility errors 
attributed to manual examination (26) even if they 
have a quantified scale. Using them, Greisberg et al. 
quantified first MB elevation compared with the sec-
ond MB rather than total metatarsal translation. Ac-
cording to the authors, an increased first MB elevation 
would tend to transfer load to the lesser metatarsals 
during weightbearing, causing metatarsalgia and re-
lated problems (26, 59). However, manual testing for 
FR instability is unreliable compared to measurements 
made with mechanical devices. (Table 1)

The first device described was created by Rodg-
ers and Cavanagh in 1986. This mechanical device 
applied a load beneath the FR and then calculated its 
plantar displacement through an electronic sensor. It 
had a measurement error of approximately 3 mm given 

by the compression of the plantar fat pad during the 
loading process. For this reason, measurement error 
has been avoided by applying mechanical force on the 
dorsum of the FR (25, 60).

A device that most greatly influenced the method 
of measuring the FRH is the “Klaue device” (Figures 3  
and 4). This device is composed of an ankle-foot or-
thosis, in which the ankle is placed in neutral posi-
tion. The examiner with one hand dorsiflexes the FR 
until its maximum range of motion, and with the other 
hand blocks rays from second to fifth. A micrometre 
is suspended from the frame of the ankle-foot ortho-
sis, fixed to the frame above the first metatarsal head 
with the ankle maintained in neutral position and in 
line with the FR in order to measure the mobility first 
in the sagittal plane. The micrometre records the full 
dorsiflexion range of motion of the FR. This device 
has variability due to the starting point of measure-
ment and the force exerted by the examiner to dorsiflex 
the metatarsal head. To reduce variability, the meas-
urement is repeated multiple times, with the average 
recorded for analysis (26). Additionally, since 25% of 
adults cannot attain a neutral ankle position with the 
knee extended, the knee should also be flexed (36).

The Glasoe device is similar to the one cre-
ated by Klaue but has some technical expedients 
that reduce the variability of the measurement, hav-
ing a mechanical piston able to measure the force 
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produced. The lesser MBs are blocked by a separate 
platform, so the starting point of measurement of 
the dorsiflexion of the FR is reproducible in each 
measurement without variations (60). The device 
was improved in 2005 by connecting it to a com-
puter, allowing the storage of the data for retrieval 
and time-based analysis (61) . Both Klaue and Gla-
soe (Table 1) have a great potential in standardizing 
the measurement of FRH, but at present there are no 
commercial devices marketed on a large scale such as 
to allow widespread use (25).

Imaging exams can also be useful to standard-
ize the measurement of FRM but are burdened by 
projection error. The modified Coleman block test is 
the most described x-ray exam (25). The protocol in-
volves weightbearing lateral view radiographs of the 
foot. The dorsiflexion view of the FR is performed 
with hindfoot, midfoot and first MB stationary on a 
wooden block; hindfoot, midfoot and lesser metatar-
sals stationary on a wooden block give the plantarflex-
ion view of the FR (62). The modified Coleman block 
test is widely known for measuring dorsal FRM. In 
2018, Tavara-Vidalon et al. used it to measure both 
sagittal and frontal plane displacement on anteropos-
terior radiographs (45). Displacement of the FR can 
also be assessed in the transverse plane with the ra-
diographic squeeze test, and measuring the FRM in 
3 planes could be a valid help for surgical corrective 
procedure. Pressing or applying a tight bandage from 
first to fifth metatarsal-phalanges joints allows visu-
alisation of significant differences in intermetatarsal 
angle in case of hypermobility in the transverse plane 
(63). Martin et al. evaluated FR dynamic motion us-
ing live fluoroscopy in 2012 taking lateral projections 
of radiographs during the stance phase of gait to eval-
uate the positional changes of the FR relative to the 
talus (64). 

CT scan 3-dimensional (3D) evaluation of FR has 
also been investigated. A study of Geng and al., published 
in 2015, evaluated both feet of 10 females with healthy 
feet, and both feet of 10 females with HV. The evaluation 
was made with CT scan, comparing the position of the 
FR when the foot is in a non-weightbearing state versus 
when it is in a weightbearing state. Loading state was 
simulated by a custom-made device, that also blocked 
the ankle in a neutral position. The study observed that 

in loading conditions the I-MTCJ turns dorsiflexed, 
supinated, and internally rotated. These movements in 
multiple planes are wider in HV deformity (52).

Kimura et al. carried out a similar study in 2017. 
They evaluated ten feet of 10 patients with hallux val-
gus and 10 feet of 10 healthy volunteers with no foot 
disorders using CT-scans. The evaluation was made 
both in non-weightbearing and weightbearing state, 
simulated by a custom-made device. This study dem-
onstrated that, in patients who have HV, the weight-
bearing state caused an increased FR mobility com-
pared to the FR in normal feet (65).

Magnetic resonance (MR) imaging has been used 
to evaluate FRM. In the study of Swanson et al. in 
2016, FR is scanned in a MR with the foot posed on a 
system of wedges to replicate the weightbearing phas-
es of gait. Measures of hallux and FRM were made 
from 2D and 3D magnetic resonance scans, and the 
two measurement methods were compared with each 
other. This report found the study of FR sagittal mo-
bility through 2D approach reliable, compared to 3D 
images (66).

Ultra-sound can also be used to ascertain FRH. 
In a study published in 2019, Stiglitz et al. asserted 
that ultra-sound could have good reproducibility for 
measures of I-MTCJ, but further studies are necessary 
to evaluate this procedure (67).

First Ray Hypermobility and Hallux Valgus

A complicated relationship
The aetiology of HV is complex and its connec-

tion with the instability of the FR is one of the most 
debated concepts in the current literature of foot and 
ankle disorders. Many other reports have claimed an 
association between increased I-MTCJ and HV valgus 
(10, 12, 68–70), nevertheless focusing only on mobil-
ity in the sagittal plate. Certainly, the tricky concept 
of the metatarsus primus varus, HV, hypermobility of 
the I-MTCJ and other different factors related to the 
HV deformity are well known, but most authors con-
sider only a uniplanar evaluation of this multiplanar 
deformity (65).

Although HV deformity is estimated to be from 
20 to 35% of the general population, FRH is not always 
and precisely assessed (65, 71, 72) often accompanied 
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by significant functional disability and foot pain. De-
spite frequent mention in a diverse body of literature, 
a precise estimate of the prevalence of HV is difficult 
to ascertain. The purpose of this systematic review was 
to investigate prevalence of HV in the overall popu-
lation and evaluate the influence of age and gender. 
METHODS Electronic databases (Medline, Embase, 
and CINAHL). Sigh et al. found 81% FR instability in 
patients with HV compared to 24% of FR instability in 
the control normal group (17). Some categories of ath-
letes like ballet dancers seems to have higher FRH rates 
probably due to dancing technical errors (pronation) 
and intrinsic incorrect activity (72–74), meaning that 
altered biomechanics of the foot can be a risk factor. 

As shown previously, many methods are available 
to measure FRM, of which the most common is man-
ually moving the first MB in the dorsal and plantar 
directions (Figure 1). Although this technique can be 
readily used in a clinical setting without any special 
equipment, the validity and reliability can be question-
able (19). Glasoe et al. (21) compared the interrater re-
liability of this manual measurement method with that 
of their mechanical measuring device. Their device is 
similar to Klaue’s in that the foot is constrained in an 
apparatus and the FRM is measured in a controlled 
environment. However, unlike the Klaue device, their 
device is capable of controlling the amount of pressure 
applied to the FR while measuring the dorsal displace-
ment. Therefore, consistent pressure can be applied to 
all the subjects without relying on investigator consist-
ency (74).

Coronal, Sagittal and Transverse: the 3 plains of Hallux 
Valgus Deformity

Some authors think HV is a transverse plane de-
formity involving HV with the sagittal plane hyper-
mobility resulting secondarily and not acting as the 
primary deforming force (34, 76–79). Others claim 
those patients with higher motion in the sagittal plane 
are predisposed to the development of transverse plane 
malalignment and HV deformity (10, 68, 69, 80). 

Recently, growing attention has been paid to the 
3-dimensional changes in HV deformity (54, 65). 
Considering movement in multiple planes, measure-
ment of FRH should be done in a 45° dorsomedial 
direction according to Singh et al. (17). In addition, it 

is important to consider first MB pronation in HV: by 
several HV surgical procedures is possible to obtain a 
good derotation of the first MB and a good reduction 
of subluxated sesamoids (54).

The association between the quantification of the 
HV angle (HVA) and IMA (70, 77) is well described 
in the current literature. Mobility of the I-MTCJ in 
a coronal plane causes the increase of both of these 
angles, but isolated sagittal plane MTC mobility has 
never been proven as a primary cause. With the de-
velopment of HV, the dynamic restraints such as the 
plantar fascia, the sesamoids and the muscles around 
the foot become altered (70, 81). Hence, some au-
thors propose that the increased FRM is due to loss 
of plantar aponeurosis alignment: it is secondary to the 
deformity, and the restoring of normal plantar fascia 
tension could resolve the instability (41).

Recently, Kimura et al. performed a comparison 
of intercuneiform 1-2 joint mobility between HV and 
normal feet using weightbearing computed tomography 
and 3-dimensional analysis. During their procedures, 
several patients with HV who had instability between 
the medial and middle cuneiform, in addition to the 
FR, were found. The results of this study showed that, 
relative to the medial cuneiform, the middle cuneiform 
was significantly displaced due to dorsiflexion and in-
version under weightbearing conditions in patients 
with HV, suggesting that HV also involves hypermo-
bility at the intercuneiform 1-2 joint. Because manual 
inspection was performed in their study, the force used 
might have been inconsistent among the patients. In 
addition, because HV deformities involve 3D factors, 
including rotation, and because the FRH is also 3D, it 
is ideal to assess the pathological condition 3-dimen-
sionally instead of in one direction or one plane (65).

Hence, FRH in the sagittal plane is not the only 
indication for the Lapidus procedure because is im-
portant to consider the increased mobility in the trans-
versal plane; I-MTCJ hypermobility occurred in both 
the sagittal and the transversal planes (82, 83).

Lapidus: a necessary procedure?
Lapidus was the first to propose fusing the first 

and second metatarsal bases with the medial cunei-
forms, performing a surgical arthrodesis to reduce 
FRM. His technique was modified during the years 
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by various surgeons, and it is still used above all for 
severe HV deformity correction or recurrent deform-
ity (5,84,85). The procedure has been proven by vari-
ous studies and in large systematic reviews of multi-
ple techniques, reporting an IMA correction variable 
from 8.5 to 14.4 mm with different fixation techniques 
and an overall fusion rate of 4% (85, 86). According to 
Lapidus, many surgeons think that by correcting ex-
cess motion at the I-MTCJ by arthrodesis, this would 
then normalize FRM and would address the prima-
ry cause of the HV (5,6,43,80) deformity. However, 
there is some disagreement with prior indications for 
I-MTCJ arthrodesis. Studies have shown realignment 
procedures at the first metatarsophalangeal joint ef-
fect vectors of soft tissue support, which serve to sta-
bilise the medial column without arthrodesis of the 
I-MTCJ. Currently, few studies report FRM values 
during the conventional evaluation of HV deformity 
and the outcomes of the different surgical techniques 
for its correction. 

Ellington et al. (80) recommended MTCJ arthro-
desis in case of HV recurrence and found that 96% 
had preoperatively clinical signs of FRH and 52% ra-
diographic findings of instability (Table 2). Therefore, 
mobility of first MB should be always assessed when 
considering a Lapidus procedure. On the other hand, 
Kim and colleagues performed a series of proximal 
metatarsal Chevron osteotomies and distal soft tissue 
procedures for HV deformity without sacrificing the 
I-MTCJ, concluding that FRH is multifactorial and 
refuting Morton’s original theories (79). 

Finally, procedures involving I-MTCJ fusion are 
technically demanding, and some investigators sug-
gest fusion should be reserved for cases with MTCJ 
arthritis or more severe HV deformity cases in which 
the IMA cannot be improved by a metatarsal shaft 
osteotomy. Non-union, hardware removal and failure, 
metatarsalgia, and bone grafting are mentioned as fac-
tors leading to greater patient morbidity. 

Hypermobility of First Ray: cause or effect of Hallux Val-
gus deformity?

The cause and effect between HV and FRH 
continue to be debated. To the clinician, it is a much 
more complicated matter, as the relationship between 
the deformity in the transverse plane and motion in 

the sagittal plane is more involved. It has been paral-
leled by some investigators to the philosophic debate: 
“Which came first, the chicken or the egg?”

Understanding the anatomic and radiographic 
examination of the I-MTCJ is critical to choosing an 
appropriate treatment algorithm for the surgical man-
agement of HV deformity. Many investigators think hy-
permobility arises secondarily from malalignment of the 
soft tissue constraints as the HV deformity progresses. 
Other investigators think hypermobility is a primary 
cause of the HV and have reported good results with 
surgical correction including a I-MTCJ  arthrodesis.

According to a recent systematic review by 
Shibuya et al., there was a mean significant 3.62 mm 
increase of FR sagittal mobility in patients with HV 
compared with patients without it (75,83). Doty et 
al. demonstrate in a cadaveric study that dorsal mo-
tion using the Klaue device increased from 4.0 mm to 
4.5 mm in specimens with mild to severe HV (48). 
However, it is still in discussion whether the FRM in 
patients with HV is the cause or the result of the de-
formity: in early reports, there was no consensus (41). 

Regarding this dilemma, Coughlin and Jones 
(77) performed a prospective study on distal soft tis-
sue reconstruction and proximal metatarsal osteotomy, 
showing a significant reduction of sagittal plane mo-
tion using a Klaue device. Correcting HV deformity 
and stabilizing sagittal plane motion without I-MTCJ 
arthrodesis, they concluded that FR instability is the 
result of the deformity and not the cause (41). The same 
conclusion was reached by Coughlin et al. (Table 2)  
using cadaver specimens, applying the identical proce-
dure of the clinical prospective study (76).

Conclusions

From a clinical point of view, it is the belief of 
the authors that FRH should be assessed routinely in 
the clinical setting respecting both the triplane mo-
tion of FR and the 3-dimensional deformity of HV. 
To improve assessment, clinical practical tests without 
any sophisticated equipment, are necessary, even if 
their validity and reliability can be questionable. In the 
clinical context, manual tests and the use of a Klaue 
device or rulers are the easiest methods to implement 
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Authors Procedure (if present) Results Device

Coughlin and 
Jones 2007

Proximal metatarsal osteotomy 
and distal soft tissue procedure 
alignment on hallux valgus pa-
tients (without MTC arthrodesis)

27 months of average follow up. Reduc-
tion from 7.2 mm to 4.5 mm after the 
procedure. 

Klaue device

Kim et al. 2008 Proximal metatarsal Chevron 
osteotomy with distal soft tissue 
procedure in hallux valgus de-
formity correction with patient 
having first ray hypermobility

Mean dorsiflexion mobility of the first 
ray preoperatively was 6.8 mm and 1 year 
post-operatively was 3.2 mm.

Klaue device

Ellington et al. 
2011

Lapidus procedure in feet with 
recurrent hallux valgus

Preoperative evaluation revealed 96% of 
patients with clinical hypermobility and 
radiological finding of instability in 52% 
of patients. Lapidus procedure is recom-
mended in case of HV recurrence.

Clinical and Radiographic 
Coleman block test (for 
sagittal motion) and radio-
graphic squeeze test (for 
transverse motion) 

Singh et al. 2016 No intervention First ray displacement in hallux valgus 
patients 11.0 in the 45° dorsal medial direc-
tion compared to 8.3 mm in control group.

Klaue device

Gent et al. 2015 No intervention During body weight-bearing conditions, 
the first MTC-J in HV feet dorsiflexed an 
average of 2.91°, versus 1.18° in controls; 
supinated 2.17° versus 0.98° in controls; 
and internally rotated 2.65° versus 0.96° in 
controls. Moreover, the joint in HV feet 
widened significantly compared with the 
controls and tended to translate more in 
the dorsal-plantar direction.

3D models were 
 reconstructed from CT 
scan in both unloaded and 
weight-bearing conditions

Stiglitz et al. 
2019

No intervention Both inter- and intra-observer reliability 
was strong for all measured parameters. 
Dynamic ultrasound test is simple and re-
producible to assess MTC gaping distance.

Dynamic ultrasound test

Table 2. Hallux Valgus and First Ray Hypermobility: the most recent literature

FRM measures, better at 45° in the transverse plane to 
respect the FR biomechanics.

In relation to HV surgical correction, the origi-
nal or modified Lapidus procedures are still valid to 
improve medial column stability. However, the his-
torical theories seem to lack consensus in the recent 
literature regarding its exclusive role in correction of 
HV deformity and hypermobility, as also other more 
recent procedures seem to provide good outcomes for 
both. 

Finally, only by implementing the measurement 
of FRM during clinical practice and its pre- and post-
operative evaluations for the several HV techniques, 
will it be possible to come to the definitive conclusion 
whether FRH is the cause or consequence of the HV 

deformity. In the meantime, it remains academically 
controversial.
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