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Abstract

Cuboid fractures due to the particular bone anatomy and its protected location in
the midfoot are rare, and they are usually associated with complex injuries of the
foot. Clinical examination to diagnose these fractures should be detailed and the
differential diagnosis, especially in the case of vague symptoms, should include
the exclusion of all lateral foot pain causes. Conventional radiographs do not
always reveal occult fractures, which can be under diagnosed especially in
children. In this case, further investigation including magnetic resonance imaging
or scintigraphy may be required. The treatment of these injuries depends on the
particular fracture characteristics. Non-displaced isolated fractures of the cuboid
bone can be effectively treated conservatively by immobilization and by avoiding
weight bearing on the injured leg. In the case of shortening of the lateral column
>3 mm or articular displacement > 1 mm, surgical management of the fracture is
mandatory in order to avoid negative biomechanical and functional
consequences for the foot and adverse effects such as arthritis and stiffness as
well as painful gait. In this review, an update on diagnosis and management of
cuboid fractures is presented.
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Core tip: The cuboid bone is an essential anatomic element of the midfoot contributing
greatly to foot biomechanics. Cuboid fractures are rare and usually associated with
complex foot fractures and dislocations. Such fractures require a high level of attention
in order to ensure a timely diagnosis. Besides a detailed physical examination, further
radiological assessment will identify the presence and type of fracture. Although simple
cuboid fractures are effectively treated conservatively, displaced fractures require
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surgical treatment in order to avoid future devastating consequences. Because of the lack
of adequate scientific evidence, the ideal surgical approach is still not universally
accepted.
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INTRODUCTION

Cuboid single fractures are rare due to the particular bone anatomy and the protected
location of the midfoot. Their annual frequency reaches 1.8 per 100000 in the United
Kingdom!™ and typically occur in combination with other midfoot fractures such as
navicular or cuneiforms fractures or are associated with Lisfranc and Chopart
fractures and dislocationst*l.

Cuboid fractures can be the result of bone injury due to compression after a car
accident or direct crush of the lateral aspect of the dorsum of the foot as it may
happen after a heavy object falls on the foot. They may also be the result of avulsion
injury involving any ligamentous attachments of the cuboid e.g., calcaneocuboid
ligament. Such an injury is attributed to ankle sprain as a result of a twisting injury of
the foot with the hindfoot inverted and the forefoot adducted. A particular type of
isolated cuboid fracture was presented in the literature by Hermel and Gershon-
Cohen!” in 1953 who coined the term “nutcracker fracture” in order to describe a
cuboid fracture that is caused by compression between the calcaneus proximally and
the bases of the fourth and fifth metatarsals distally. This fracture is the result of
forced plantar flexion of the hindfoot and midfoot against the fixed and forced
abduction forefoot>*l. This injury is also described as a result of equestrian-related
injuries in children and adolescents where compression cuboid fractures are
combined with other midfoot injuries such as avulsion and compression navicular or
cuneiform fractures!”.

Cuboid stress fractures are less common than fractures in other tarsal bones such as
calcaneus and navicular because the cuboid is not a weight-bearing bonel*l. These
fractures may occur in both toddlers” ") and adults/®'*'l and may be a result of
overuse affecting athletes®'! or military recruits'l. They may also follow osteoporosis
and reduced bone strength!"”l. Although they are successfully treated non-operatively
without having adverse effects due to vague symptoms, they may initially not come
to attentionl’.

Cuboid fractures are not always recognized promptly due to the special anatomy of
the foot and the difficulty in interpreting the radiologic findings. However, delayed
identification and effective treatment of these injuries may have adverse effects on the
biomechanics of the foot, such as loss of length of the lateral column resulting in
forefoot abduction and also lesser metatarsals lateral subluxation, resulting in planus
deformity associated with compensatory hindfoot eversion and posterior tibial tendon
insufficiency!'”. Anatomical disorder of the bone articulations with tarsal bones of
may lead to foot stiffness and painful arthritis as well as foot deformity™™.

This review analyzes the modern diagnostic and therapeutic approach of these rare
though challenging fractures whose inappropriate and delayed management,
according to their specific characteristics can have significant negative consequences
on the mechanics and functionality of the foot, causing pain and stiffness to the
injured limb with a final negative impact on a patient’s quality of life.

CLINICAL ANATOMY

The cuboid is one of the seven bones of the midfoot and hindfoot located most
laterally in the distal tarsal row in the center of the foot lateral column. It has a
pyramidal shape with five articular surfaces that are articulated with the bases of the
fourth and fifth metatarsal bones in front with the calcaneus on the back as well as
with the lateral cuneiform and navicular medially (Figure 1). Hence it is the only bone
of the tarsus involved both in the tarsometatarsal joint (Lisfranc complex) and in the
midtarsal joint (Chopart’s joint). It also links the lateral column to the transverse
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plantar archt!*?'-! Its articulation with the fourth and fifth metatarsals provides
mobility three times greater than the mobility of the first through third
tarsometatarsal joints and has the largest contribution to the dorsiflexion and plantar
flexion of the midfoot!"”*!. It also has a primary contribution to pronation and
supination assisted in this function by the calcaneocuboid joint!"".

Due to its special anatomy and its position, the cuboid is the main supporting
element of the rigid and static lateral column and ensures that its length is
maintained. Its role is supported by a number of ligamentous, capsuloligamentous,
and tendinous restraints. Although it does not participate directly in weight bearing,
it receives significant forces during standing and ambulation, and its contribution is
important in the mobility of the foot lateral column and the adaptation of the foot
when walking on an uneven terrain“*l. The dorsal surface of the bone is bare, but on
its plantar surface there is a groove that runs obliquely distal and medially and from
which the tendon of peroneus longus passes acting as a fulcrum for the peroneus
longus muscle contraction!”! (Figure 2). Gathering forces in this area during activities
such as running can cause stress fracturest’l.

Cuboid vascularization is ensured by the lateral plantar artery where anastomosis
exists between the medial plantar artery. The satisfactory blood supply of the bone
also explains the satisfactory bone consolidation following a fracture and the rare
occurrence of events such as nonunion or osteonecrosis!’l.

CLASSIFICATION

Although there is not a universally accepted classification system, cuboid fractures are
classified according to their characteristics regarding the displacement of the
fragments, the involvement of the articular surfaces, and the avulsion or comminuted
type of fracturel®.

The Orthopaedic Trauma Association subdivides these fractures into three main
categories!™. Group A includes the simple extraarticular fractures, Group B includes
calcaneocuboid or metatarsocuboid joint fractures, and Group C includes fractures
involving both joints. This classification further subdivides the cuboid fractures from
the simplest ones up to the most complex in each category according to the level and
the particular anatomical position of each fracture. The fractures of each group are
denoted with numbers with the most complex fractures being characterized by higher
numbers.

Fenton et all'”! proposed the classification of cuboid fractures into five groups. A
type 1 fracture is the most common type of avulsion fracture involving the capsule of
the calcaneocuboid joint. Type 2 includes stable isolated extra-articular injuries of the
fracture that do not require surgical treatment because the length of the foot lateral
column is maintained, and there is no intra-articular involvement. Type 3 injuries are
isolated intra-articular fractures within the body of the cuboid involving the
calcaneocuboid, the tarsometatarsal joint, or both of them. The fractures of this
category are treated conservatively. Type 4 fractures are associated with disruption of
the midfoot as well as with tarsometatarsal injuries. These intra-articular fractures
require anatomic reduction and stabilization. Finally, type 5 fractures are high-energy
crushing injuries of the cuboid that may be accompanied by disruption of the mid-
tarsal joint and loss of length of the lateral column alone or in combination with the
medial column. These fractures are mostly treated surgically except in cases where the
length of the foot lateral column is maintained.

CLINICAL EVALUATION

The diagnosis of cuboid fractures, particularly of those that are not accompanied by
other foot injuries, may be difficult. The early detection of these fractures requires a
high degree of suspicion™!. Regarding children, local swelling and antalgic limp with
refusal to bear weight on the lateral side of the foot may accompany a fracture of the
cuboid""*l. Cuboid fractures may be associated with lateral foot pain especially with
push off when walking!*l. Typically there is tenderness to direct palpation of the
cuboid over the lateral aspect of the midfoot (Figure 3) while the fracture can be

calcaneocuboid joint is unstable, diagnostic maneuvers that control the integrity of
this joint can cause pain®.

Stress fractures of the cuboid may have no obvious clinical signs. Painful gait and
mild tenderness on the lateral side of the foot may be present without swelling or
evident hematoma!"l. Pain may be mild with a progressive nature and accompany a
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Figure 1 Cuboid bone lateral view.

recent increase in athletic or other daily activity level of an individual. If there is
significant periosteal reaction or sclerosis in the fracture area, then a palpable mass
may be present in the area of maximum tenderness. The placement of a vibrating
tuning fork just above the area of maximum tenderness can cause an increase in pain
intensity and has been proposed as a diagnostic method for stress fractures”.

IMAGING METHODS

Plain X-ray radiography usually diagnoses simple fractures of the cuboid and
includes the anterior, posterior, lateral, and standard oblique view of the foot!*.
Imaging examination should include contralateral foot for the comparison and
determination of the length of the foot lateral column as well as for the appropriate
preoperative planning. The integrity of the foot lateral column can be evaluated by the
anteroposterior view, which also allows the detection of any transverse plane
deformity. The lateral radiograph assesses the congruity of the calcaneocuboid joint
and can also reveal avulsion fractures™l. The standard medial oblique view is
particularly useful for assessing cuboid fractures because it allows the view of the
cuboid and its articulation with the metatarsals and the calcaneus, free of
superimposition of the bones with the open and equal cuboid joint. It also contributes
to the evaluation of the length of the lateral column!**1.

Although conventional radiography can provide a lot of information about the
nature of the cuboid bone injury, the considerable overlap of bony structures in the
foot leads to a failure regarding the depiction of occult cuboid fractures™. Miller et al¥
found that in 17 patients with pain over the lateral aspect of the midfoot, the X-ray
radiography revealed cuboid fractures in only seven of them.

Computed tomography
Computed tomography (CT) may provide additional information regarding the size,
exact location, and pattern of fractures of the cuboid, as well as associated injuries
such as other fractures and dislocations of other bones of the foot*l. It clearly depicts
tarsometatarsal joints and Lisfranc joint and also provides information on the fracture
healing progression!*'.

Magnetic resonance imaging

In the case of non-diagnostic radiography findings using plain film radiographs the
contribution of magnetic resonance imaging (MRI) is a valuable, sensitive
examination for the diagnosis of cuboid fractures in both children and adults***
(Figure 4). Miller et al® found that in 17 adults with isolated occult cuboid fractures,
the presence of a fracture was confirmed by MRI in eight of them. In their recent
study, O'Dell et al*! used MRI to confirm cuboid fractures in 19 children aged 18 mo
to 17 years, nine of whom the initial radiography was negative for fracture. This
radiology examination revealed fractures that were the result of acute trauma or were
stress fractures linear in configuration and most commonly adjacent to the
tarsometatarsal joint.

In the case of cuboid fractures in the T1 weighted sequence, continuous
hypointense signals are revealed in the cuboid bone extending from the cuneiform
joint surface toward the lateral side as well as fat suppression®l, while in the T2
sequence a hyperintense signal in the bone as well as the loss of the bone marrow
signal is detected®.
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Calcaneal facet

Peroneal sulsus

Figure 2 Posterolateral view of cuboid depicting peroneal groove (modified from Greys Anatomy, 1918).

Sonography

Sonography, although not the method of choice for the detection of cuboid fractures,
is a reliable and quick method when painful swelling adjacent to the bone is present
in the case of subtle cuboid fractures with non-diagnostic plain radiography".
Bilateral ultrasonography that includes longitudinal and transverse scan planes
reveals a cortical discontinuity and cortical step in the area of the fracture as well as
soft tissue edemal”. Wang et alt*"! reported a study of 268 patients with post-traumatic
pain in the area of the foot and ankle with negative findings in the initial radiology
examination, where ultrasound examination revealed a fracture in 24 of them. Two of
the patients examined suffered cuboid fractures.

Scintigraphy

Scintigraphy may reveal focal uptake in the cuboid and contribute to the early
diagnosis of cuboid fractures, particularly in stress fractures in children in the case of
a negative initial physical examination and non-diagnostic radiographs!”'*'>'1,
However, it should be taken into account that due to the complex anatomy of the
midfoot, it is difficult to ascertain the exact intake area of the radiopharmaceutical,
which reduces the diagnostic accuracy of the method®.

DIFFERENTIAL DIAGNOSIS

Differential diagnosis includes bony causes of lateral foot pain such as ankle sprain,
stress fractures of the foot, fracture of the fifth metatarsal distal to tuberosity, avulsion
of the anterior process of the calcaneus, Lisfranc injuries, tarsal coalition, cuboid
syndrome, and os perineum injury. Furthermore, soft tissue pathogens such as
peroneus, longus tendon tenosynovitis or partial tearing, subluxing peroneal tendons,
extensordigitorum, tendonitis, sinus tarsi syndrome, and lateral plantar nervous
entrapment may have a similar clinical picture to cuboid fractures and should be
excluded during the initial diagnosis in the case of negative radiology evaluation with
a clinical picture similar to a cuboid fracturel>****! (Table 1).

Cuboid syndrome is caused by the structural congruity of the calcaneocuboid joint
and subluxation of the cuboid and usually concerns athletes or dancers. It is
characterized by pain in the area of the plantar surface of the cuboid or in the foot.
Two clinical maneuvers have been proposed for the clinical diagnosis of the
syndrome, namely the midtarsal adduction and the midtarsal supination test”*l.

Os perineum is an accessory bone located within the peroneus longus tendon
adjacent to the lateral plantar aspect of the cuboid, which can cause foot pain. It is
found in 4% to 30% of normal feet™". In most cases, it is asymptomatic but may be
the cause of acute and chronic foot pain as in cases of stress fracture or diastasis. For
the diagnosis of the syndrome, plain radiography films may be diagnostic or further
examination by CT, MRI and/or sonography may be required.

TREATMENT

The therapeutic approach of cuboid fractures is adjusted according to the severity of
the fracture. Non-displaced low energy fractures such as avulsion fractures and stress
fractures are effectively treated with conservative methods of treatment while
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Figure 3 Local tenderness to direct palpation of the cuboid bone following foot injury may suggest cuboid
fracture.

complex high-energy injuries involving complex fractures with significant
displacement and intra-articular involvement require anatomic reduction and external
or internal osteosynthesis depending on the particular fracture characteristics.

Conservative treatment

In cuboid fractures with minimal pain and swelling, treating with an elastic bandage
or with a fracture boot and walking with partial weight bearing until the satisfactory
regression of the symptoms, may be enough. In the case of severe initial pain, a short
walking cast for 4-6 wk is recommended™’. Stress fractures require limiting the
activity and use of the limb while it is recommended to have plantar arch support'‘l.
Avulsion fractures are treated with protected weight bearing as tolerated and a
fracture boot for 4 to 6 wki*’l. These fractures require regular radiographic evaluation
every month as they may be complicated with fibrous non-union. In this case as well
as in the presence of recalcitrant pain, excisional surgery may be necessary!*.

Surgical approach

According to Borrelli ef al¥l, open cuboid fractures are the only absolute indication for
urgent surgical management. Surgery is also recommended when there is an articular
displacement greater than 1 mm or a shortening of the foot lateral column length!.
According to Holbein et al®], this shortening requires surgical treatment of the
fracture if it is greater than 3 mm. Surgical management of cuboid fractures includes
external fixators, open reduction, and internal fixation with or without bone grafting
and midtarsal arthrodesis™. The purpose of this surgical intervention is to restore the
length of the lateral column as well as the normal anatomy and mobility of the
surrounding joints, and in particular of the calcaneocuboid joint as well as of the
fourth and fifth tarsometatarsal joints*.

In the case of a severe comminution and displacement of fracture fragments and
poor skin quality that does not allow open fixation, the application of spanning
external fixation ensures that the length of the lateral column is restored™*.

The internal osteosynthesis of cuboid fractures can be conducted with lumbar or
epidural anesthesia. The patient is placed in the supine position with a thigh
tourniquet and a bump under the ipsilateral hip to avoid excessive external rotation of
the foot and to ensure better access to the cuboid bone. A 6 cm lateral longitudinal
incision over the cuboid from the tip of the fibula to the tip of the fifth metatarsal
reveals the calcaneocuboid and tarsometatarsal joints and allows the anatomic
reduction of the fracture or fractures™! (Figure 5). The extension of this section, 5 mm
centrally of the calcaneocuboid joint and beyond the level of the lateral base of the
fifth metatarsal, allows a better view of the joints and the anatomic reduction of the
fractures!l. The incision is maintained at the lateral border of the extensor digitorum
brevis muscle and proximal to the sural nerve, which must be identified and
protected®*?. Further dissection is performed to visualize the extensor digitorum
brevis and then the muscle belly is partially elevated off the periosteum to allow
inspection of the cuboid as well as of the calcaneocuboid and tarsometatarsal
jointst*1.

After restoring the length of the cuboid, the dorsolateral wall is reconstructed. The
articular surfaces should be reconstructed starting from the media fragments using
the intact side of the joint as a model™. To maintain the reduction provisional fixation
with small Kirschner wires may be required. The internal osteosynthesis is completed
using locking or unlocking screws or mini fragment plates under fluoroscopy!**1. Any
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Figure 4 Sagittal view of the right ankle obtained via magnetic resonance imaging. Undisplaced cuboid fracture
extending to the middle of the calcaneocuboid joint.

void is filled with autografts, allogenic, or cancellous bone chips, and an anatomic
plate is placed over the cuboid to maintain the length. Postoperatively, the patient
ambulates without weight bearing for 4-6 wk and for another 6 wk with partial
weight bearing and with a walking cast. Full weight bearing walking is allowed after
12 wkl721,

Midtarsal primary arthrodesis is a surgical treatment method recommended for
severe crush injuries with extensive comminution of the cuboid bone and articular
involvement. However, this method presents the disadvantage of significant loss in
lateral column motion and is mainly applied to less active patients**1. In the case of
failed internal fixation and persistent pain, secondary fusion may be an alternative
treatment method™.

DISCUSSION AND CONCLUSION

The cuboid bone is located at the center of the lateral midfoot and its anatomic
position provides a relative protection!'”l. However, it is subject to a series of
compressive and shearing forces*l. Cuboid fractures, although rare, may be the result
of direct or indirect pressure in the foot and usually associated with other fractures
and dislocations in the area. Thus, these fractures can be the result of compression or
crush of the lateral aspect foot.

Cuboid stress fractures are less frequent than other foot fractures as this bone is not
weight bearing!”l. Although they are slightly more common in children, they have
been are also described in adults!"l. They may be the result of increased athletic
activity or involve bones with reduced strength such as after a prolonged
corticosteroid uptake period!”l. A possible mechanism of this fracture assumes that
these fractures are the result of the repetitive pull of the peroneus longus tendon as it
passes through the peroneal groove of the cuboid.

Due to their vague symptoms and the complex anatomy of the area, cuboid
fractures may not be detected initially. The diagnosis of these fractures should be
immediate because their delayed detection and treatment can cause a shortening of
the foot lateral column with particularly negative consequences for the biomechanics
of the foot such as a painful flatfoot deformity associated with posterior tibial tendon
insufficiency™.

Conventional radiography includes the anterior, posterior, lateral, and standard
oblique view of the foot".. The latest view provides useful information about the
condition of the joints between the cuboid and the base of the fourth and fifth
metatarsals as well as the length of the lateral column. CT is a diagnostic method that
offers the best visualization for assessing fracture patterns and articular
displacements!”. In the presence of occult radiographs, further imaging modalities
such as ultrasound examination, MRI, or scintigraphy can contribute to the early
detection of the fracture and help avoid future adverse effects regarding foot function.
Particularly in children these fractures often go undiagnosed due to non-diagnostic
plain X-ray radiography and the difficulties faced in the clinical examination that
constitutes the contribution of these modern imaging methods very useful® .

Treatment depends on the type of the fracture. Factors that determine the method
of treatment include the involvement of the articular surfaces of the bone, the disorder
of joints architecture in which the bone is involved, the reduction of the length of the
foot lateral column, and the presence of fractures and dislocations of the other bones
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Table 1 Differential diagnosis of lateral foot paint - - -

Differential diagnosis of lateral foot pain

Ankle sprain

Peroneal tendonitis

Peroneus longus tendon tear

Subluxing peroneal tendons

Stress fracture

Fracture of the shaft of the fifth metatarsal
Avulsion of the base of the fifth metatarsal
Apophysitis of the fifth metatarsal

Jones fracture

Avulsion of the anterior process of the calcaneus
Lisfranc injuries

Tarsal coalition

Cuboid syndrome

Os peroneum fracture

Sinus tarsi syndrome

Lateral plantar nerve entrapment

in the areal”. Non-displaced stable fractures can be treated conservatively by splinting
or casting with or without restriction of weight bearing®l. Open fractures, complex
comminuted fractures, and fractures accompanied by a shortening of the length of the
foot lateral column greater than 3 mm or articular displacement greater than 1 mm
require surgical treatment”**. The purpose of this therapeutic approach is to restore
the lateral column length and plantar support of the midfoot, to restore the integrity
of the articular surfaces of the calcaneocuboid and tarsometatarsal joints, and the
mobility of the cuboid joints to the fourth and fifth metatarsal bases***.

As there is no sufficient scientific evidence to allow safe conclusions about the
optimal management of cuboid fractures, the current therapeutic approach is based
presumably on personal experience and beliefs™*]. For example, some authors support
that Kirschner wires are more reliable in maintaining reduction than external
fixation™ whilst another postulates that fixation of the fractured cuboid bone with
plates is preferable than screws, which are not associated with satisfactory results!.
More sophisticated surgical approaches such as preoperative planning locking plates
based on 3D CT may contribute to the anatomical reduction of the fracture and
therefore may provide more favorable outcomes!*. Still, further research is needed,
including studies of high quality with a focus to resolve uncertainties of management
and determine which patients could be treated non-operatively or are candidates to
develop arthrosis and warrant primary fusion!"**l.
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Figure 5 The lateral longitudinal surgical incision for the internal fixation of cuboid fractures.
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