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Abstract

Metatarsal fractures are one of the most common in-
juries of the foot. There has been conflicting literature

Baishidenge ~ WJO | www.wjgnet.com

on management of fifth metatarsal fractures due to
inconsistency with respect to classification of these
fractures. This article provides a thorough review of
fifth metatarsal fractures with examination of relevant
literature to describe the management of fifth metatarsal
fractures especially the proximal fracture. A description
of nonoperative and operative management for fifth
metatarsal fractures according to anatomical region is
provided.

Key words: Metatarsal fractures; Fifth metatarsal; Jones
fracture; Operative care; Athlete
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Core tip: Nondisplaced fifth metatarsal fractures can be
treated nonoperatively depending on fracture location
and patient factors. When nonoperative management is
utilized improved early functional scores are associated
with less rigid immobilization and a shorter period of
nonweightbearing. Neck and shaft fractures with greater
than ten degrees plantar angulation or three millimeters
of displacement in any plane where closed reduction is
insufficient require operative management. Operative
intervention is recommended for base of the fifth meta-
tarsal avulsion fractures (zone one) with more than three
millimeters of displacement. Acute and delayed union
zone two fractures may be managed nonoperatively but
operative management with an intramedullary screw
should be considered in athletes. Zone three (diaphyseal
stress fractures) fractures that are Torg type I and ty-
pe I should be managed with intramedullary screw
fixation in the athlete. In the non-athlete these fractures
may be managed nonoperatively however prolonged
immobilization is often required and a nonunion may still
result. Symptomatic nonunions of zone two and zone three
fractures should be managed operatively.
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INTRODUCTION

Metatarsal fractures are frequently encountered injuries of
the foot™. Approximately five to six percent of fractures
encountered in the primary care setting are metatarsal
fractures'. In adults, metatarsal fractures peak in the
second to fifth decades of life. The most frequent fracture
seen is the fifth metatarsal, accounting for 68% of
metatarsal fractures!®.. Proximal fifth metatarsal fractures
are divided into three zones**!. Zone one, zone two,
and zone three fractures account for 93%, four percent
and three percent of proximal fifth metatarsal fractures,
respectively®®. There is some evidence-based literature
to help make decisions with these fracture types, which
will be described in this review.

CLASSIFICATION

The first to describe a fracture of the proximal fifth
metatarsal was Sir Robert Jones” . He described a
fracture in the proximal three quarter segment of the
shaft distal to the styloid”®. The Jones fracture as
described by Sir Robert Jones was later defined by
Stewart®'!! as a transverse fracture at the junction of
the diaphysis and metaphysis without extension into the
fourth and fifth intermetatarsal articulation. Since then
there has been a focus in the literature on fractures of
the proximal fifth metatarsal due to the propensity for
poor healing of some fractures in this region. The blood
supply to the proximal fifth metatarsal is important in
understanding troublesome fracture healing in this area.
The blood supply of the fifth metatarsal was investigated
in a cadaver model by Smith et at*?. They found that
the blood supply arises from three possible sources; the
nutrient artery, the metaphyseal perforators, and the
periosteal arteries. A watershed area exists between
the supply of the nutrient artery and the metaphyseal
perforators which corresponds to the area of poor fracture
healing in the clinical setting!*®!. A classification system
created by Torg et al™ is based on healing potential.
This classification simplifies proximal fifth metatarsal
fractures as either involving the tuberosity or the proximal
diaphysis distal to the tuberosity, the latter group being
called the Jones fracture™'¥. Under this system the
Jones fracture is divided into three types based on the
radiological appearance of the fracture!®, Type I (acute)
fractures are characterized by a narrow fracture line and
an absence of intramedullary sclerosis™*>*®, The features
of acute fractures in this classification are no history of
previous fracture, although previous pain or discomfort
may be present!®. Torg type I fractures are presumed
to be acute fractures at a site of pre-existing stress
concentration on the lateral cortex that becomes acutely
disabling when they extend across the entire diaphysis™.

Baishidenge ~ WJO | www.wjgnet.com

794

Figure 1 Radiograph of a Torg type 1I fifth metatarsal fracture.

Figure 2 Radiograph of a fifth metatarsal Torg type II fracture, which has
nonunited.

Type II (delayed union) are distinguished by having a
previous injury or fracture with radiographic features of
a widened fracture line and evidence of intramedullary
sclerosis (Figure 1)"*****], Type I (nonunion) are cha-
racterized by complete obliteration of the medullary
canal by sclerotic bone with a history of repetitive trauma
and recurrent symptoms (Figure 2)™**>¢1 Although the
term Jones fracture was applied to the fractures in this
classification, based on Torg’s description these fractures
are more consistent with stress fractures. As a result,
proximal fifth metatarsal fractures were re-classified to
avoid the confusing term of Jones fractures. Proximal
fifth metatarsal fractures can be classified into three
zones as described by Lawrence et af*! and Dameron™*.
Tuberosity avulsion fractures represent zone one (Figure
3)231, Zone two (Jones fracture) is described as a fracture
at the metaphysis-diaphyseal junction. Zone three or
diaphyseal stress fractures include the proximal 1.5 cm of
the diaphysis®*>*"), This classification is straightforward
however, it must be noted that their description of zone
two is a slight mis-representation of the true Jones fracture
as described by Stewart!'!l, It is important to note that
the Jones fracture in this classification system is an acute
injury with no prodrome whereas zone three fractures
have a variable prodome™. The distinction between Jones
(zone two) and proximal diaphyseal stress fractures
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Figure 3 Radiograph of a zone one fifth metatarsal fracture.

Type A
(non-displaced)

Type B
(displaced)

Type 1
(lateral one-third)

Type I
(middle one-third)

Type I
(medial one-third)

Figure 4 Classification system created by Mehlhorn et al™® based on risk
of displacement with more medial joint entry of the fracture line. Type I,

type 1I, type III are defined as fracture line entry in the lateral one-third, middle
one-third and medial one-third, respectively™.

(zone three) is commonly confused in the literature which
potentially obscures important differences in prognosis
and treatment®*'%*, A systematic review done by Dean
et al™¥, looked at the classification of Jones fractures in 19
studies. They found that the majority of authors did not
differentiate between fractures involving the fourth/fifth
intermetatarsal articulation from more distal fractures.
They concluded that the Jones fracture is generally applied
to all fractures of the proximal fifth metatarsal distal to
the tuberosity within 1.5 cm of this region. However,
because this is not a universal definition it very difficult to
recognize differences in outcomes between operative and
nonoperative management of zone two and zone three
fractures in the literature. It also indicates that in many
cases the literature fails to differentiate the chronicity of
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zone two and zone three fracturest'”.,

More recently, Mehlhorn et a'*® proposed another
classification for base of fifth metatarsal fractures based
on radiomorphometric analysis reflecting the risk for
secondary displacement. In this classification the joint
surface of the fifth metatarsal base is divided into three
equal parts. Type I, type 1I, and type Il fractures
represent the lateral third, middle third, and medial
third respectively (Figure 4). Adding to this classification
they introduced an A type which represents no relevant
displacement and a B type which denotes a fracture
step off of greater or equal to two millimetres™,

CLINICAL PRESENTATION AND

ASSESSMENT

An injury to the fifth metatarsal presents with history
of acute trauma or repetitive trauma to the forefoot™.
Zone one fractures are typically avulsion type injuries.
The mechanism of these fractures are an acute episode
of forefoot supination with plantar flexion®'*%, This
results in pull from the lateral band of the plantar fascia
and peroneus brevis®®®. Typically, the fracture pattern
is transverse to slightly oblique. Occasionally, these
fractures are comminuted, significantly displaced or
disrupt the cuboid-base of fifth metatarsal joint’®. Zone
two fractures result from an acute episode™®!. The exact
mechanism is not known but is thought to result from
a large adduction force applied to the forefoot with the
ankle plantar flexed™*'!, Zone three fractures (diaphyseal
stress fractures) typically results from a fatigue or stress
mechanism®, Stress fractures of the proximal fifth
metatarsal have been defined by Delee et al''! as a
spontaneous fracture of normal bone that results from
a summation of stresses any of which by itself would be
harmless. Multiple factors contribute to the development
of stress fractures including systemic factors, anatomic
factors, and mechanical factors'™. Although multiple
factors contribute the exact mechanical mechanism
is unclear. It is thought that either muscle creates a
localized force that outweigh the stress-bearing capacity
of bone or that when muscle fatigues excessive forces
are transmitted to the surrounding bone™®.

Radiographic imaging for a suspected metatarsal
fracture includes three standard radiographic views
of the foot: Lateral, anteroposterior, and a 45 degree
oblique. Acute stress fractures are typically not de-
tected on the standard three views of the foot. It is
suggested that repeated radiographs are made at
10 to 14 d after the initial onset of symptoms'®. At
this time a radiolucent reabsorption gap around the
fracture confirms the diagnosis®. In the case of more
complex midfoot trauma, a CT scan is recommended
to rule out the Lisfranc fracture dislocation,

INDICATION FOR SURGERY

Management of fifth metatarsal fractures depends on
the classification of the fracture, the nature of other
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Figure 5 Radiograph showing healing in a nonunion treated with a per-
cutaneous 3.5-mm cortical lag screw.

injuries sustained, and patient demographics. Taking
everything into consideration, along with patient activity
level, treatment can be nonoperative or operative.

If there is more than three to four millimeters dis-
placement or ten degrees of plantar angulation of neck
or shaft fractures and closed reduction is not sufficient,
operative intervention is recommended!.,

Avulsion fractures of the base of the fifth metatarsal
that are displaced greater than three millimetres or
comminuted should be reduced and operatively fixed"”.
Fracture reduction and fixation should be considered if
the fracture fragment involves more than 30% of the
cubometatarsal joint''®". Mehlhorn et af*® recommended
(based on their radiomorphometric analysis) that fractures
with larger than a two millimeter step off involving the
joint surface be fixed with open reduction internal fixation
given the risk for posttraumatic osteoarthritis. They found
that fractures they classified as type A (medial joint
fracture) had a 45% risk of secondary displacement.
Therefore, they recommend that for these fractures, open
reduction and internal fixation be a consideration.

Displaced zone two fractures require operative ma-
nagement. Less consensus exists on acute nondisplaced
Jones fractures (zone two). There are many studies
that advocate for early intramedullary screw fixation
for acute Jones fractures in the active populationt,
Porter et al” demonstrated that acute Jones fractures
treated operatively resulted in quicker return to sport
and dlinical healing in competitive athletes. In this same
study, athletes returned to sports at a mean of 7.5 wk
(range 10 d to 12 wk). This time period is shorter than the
average time to healing with nonoperative management.
Mindrebo et al*® described nine athletes that underwent
early percutaneous intramedullary screw fixation and
the patients were full weightbearing within seven to ten
days. They found that on average the patients were able
to return to full sport by 8.5 wk and all had radiographic
union by an average of six weeks™?, Literature published
by Quill® reports that one in three nonoperatively treated
Jones fractures re-fractured and therefore recommended
early surgical management.

Another study by Mologne et af** compared non-
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operative management with a nonweightbearing cast or
early intramedullary screw fixation and weightbearing
within 14 d. The operative treatment group demonstrated
a reduced time to return to sport and faster clinical union
by almost 50% compared to the nonoperative group®®*.
The incidence of treatment failure in the cast treatment
group was 44%. However, it should be noted that in
this study a Jones fracture was defined as a type I Torg
fracture and did not account for the difference between
zone two and three fractures™*.

Zone two delayed unions are a relative indication
for surgical intervention. While delayed unions may
eventually heal the detrimental effects of prolonged
immobilization and nonweightbearing is a reason to
consider operative intervention™,

Surgical intervention is typically recommended for
type II and type I diaphyseal stress fractures, as seen
in Figure 5**°!. Delayed unions may eventually heal
by nonoperative means but often require prolonged
immobilization and nonweightbearing which is a reason
to consider operative management™**, In highly active
individuals with a type 1 diaphyseal stress fracture,
operative management is recommended™'%*,

Additionally, when making decision between operative
and nonoperative management of zone two and zone
three fractures hindfoot varus should be excluded. Evi-
dence of hindfoot varus is thought to be a predisposing
factor for these fractures as well as re-fracture following
fixation. In one study done by Raikin et af*®, 90% of
patients with Jones fractures had evidence of hindfoot
varus, whereas the incidence of hindfoot varus in the
normal population is approximately 24%. In this study
Jones fractures included acute and stress fractures of zone
two and zone three. It can be concluded that patients
presenting with zone two and zone three fractures and
clinical hindfoot varus require correction of the varus
to prevent re-fracture after operative or nonoperative
management. Raikin et a/*® corrected hindfoot varus
with a lateral heel wedge and forefoot post inserts which
resulted in no re-fractures of operatively managed
fractures.

NONOPERATIVE TREATMENT

There are a number of nonoperative treatment modalities
used for metatarsal fractures. They vary by anatomical
region, patient history and radiological findings but evi-
dence based medicine has helped with this treatment
type. Isolated nondisplaced shaft and neck fractures of the
fifth metatarsal are treated nonoperatively™®*”, A variety
of nonoperative modalities include elastic dressing and
a rigid shoe, short leg walking cast, posterior splint, or a
hard plastic cast shoe with weightbearing as tolerated™®.
A study done by O'Malley et a*®! demonstrated that active
individuals do well when treated nonoperatively. The study
looked at 35 ballet dancers with distal shaft fractures
treated nonoperatively and 31 of the patients retumed to
dance without limitations or pain®,
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Table 1 Studies comparing nonoperative management of zone 1 proximal fifth metatarsal fractures

Ref. Treatment modality

Outcome

Shahid et al®” Airboot compared to below knee walking cast

Clapper et al™ Hard-soled shoe compared to below knee cast
Gray et al™" Plastic slipper compared to tubi-grip support
Wiener et al™ Below knee casting compared to soft “Jones” dressings

Pain and function recovered quicker with airboot

No difference in time to union between groups

No difference between clinical healing results

Fractures treated with a plaster slipper resulted in significantly better
pain and function at 2 wk

At 6 and 12 wk the outcomes were similar for both treatment groups

The average time to union was 33 d vs 46 d respectively for soft dressings
compared to rigid casting

Evidence based studies suggest that nondisplaced
zone one fractures at the base of the fifth metatarsal
are treated with protected weightbearing utilizing one
of the many modalities varying from a short leg cast
to elastic dressing and rigid shoe only as seen in Table
139262932 The outcomes of nonoperative treatment
for nondisplaced zone one fractures are good with low
nonunion rates reported between 0.5% and 1%,

Acute zone two fractures are managed with non-
weightbearing in a short leg cast for 6 to 8 wk. Torg
type I diaphyseal stress fractures (zone three) are also
managed the same however, prolonged immobilization
up to twenty weeks may be required®'****!, Despite
prolonged immobilization zone three diaphyseal stress
fractures may still go on to nonunion. Delayed unions
of zone two and type II zone three fractures may
eventually heal by nonoperative treatment but operative
management is recommended in highly active patient
populations®'****!  Additionally, despite prolonged
immobilization in zone three fractures it is not uncommon
for a nonunion to occur®,

There is a clear lack of randomized controlled trials
comparing various nonoperative treatment modalities. As
a result, the choice of nonoperative management should
be based on the patient and the individual fracture
type. A retrospective study done by Konkel et a/*¥,
demonstrates the results obtained from nonoperative
management of fifth metatarsal fractures. They found
that the average time to bony union for tuberosity
fractures, Jones, stress, segmental shaft, and oblique
distal shaft/neck fractures was 3.7, 3.5, 4.8, 3.6 and 3.4
mo respectively. There was only one nonunion out of the
66 metatarsal fractures, which was a tuberosity fracture.
There was delayed union in ten tuberosity fractures, two
Jones fractures, two stress fractures and four oblique
distal shaft/neck fractures. Overall they found that
delayed union was seen in 27% of the patients with an
overall union rate of 98.5%. The long-term satisfaction
rate with nonoperative management was 100% in 40
patients with long-term follow-up®”..

One consideration is patients factors associated with
less favourable outcomes. Female gender, diabetes
mellitus and obesity are associated with adverse outcomes
of metatarsal fractures®". One prospective cohort study
showed that Torg type Il fractures, displacement, and
weight were significant independent predictors of poor
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outcomes at six weeks®!, Additionally, this study showed
that at 20 wk in addition to the above factors gender and
diabetes were also significant independent predictors of
poor outcome™,

OPERATIVE TREATMENT

There are a variety of modalities for operative manage-
ment of proximal fifth metatarsal fractures including
percutaneous fixation with an intramedullary screw,
corticocancellous bone graft, closed reduction and cross-
pinning with Kirschner-wire (K-wire) fixation, or open
reduction and internal fixation with minifragment plate
and screws™*?,

Zone one fractures that require operative fixation
based on the indications specified in a previous section
can be fixed using K-wires, tension band wiring, or
small ASIF screws. If an avulsed fragment is too small
for fixation excision may be required if chronic irritation
results®**%,

Percutaneous fixation with an intramedullary screw
has become the preferred treatment choice for zone
two and three fractures requiring operative fixation as
specified in the indications for surgery section®*>*92%%,
The advantage of this construct is that it is minimally
invasive and compression across the fracture site can be
obtained™®., It also has been shown to have decreased
healing time with accelerated mobilization™', Delee et
al"! were the first to describe the use of percutaneous
intramedullary screw fixation with a solid 4.5-mm malleolar
screw for diaphyseal stress fractures in ten athletes.
The study reported an average healing time of 7.5 wk
and return to sport in an average of 8.5 wk with no
postoperative complications or re-fractures™™**, It is
important to note that this study was published prior
to the introduction of the Torg et al'**! classification.
Historically, the treatment of choice for symptomatic Torg
type II and type I fractures as first described by Torg et
al*®, in their study that introduced the Torg classification
was cortico-cancellous bone graft. In this series 95%
of patients treated with cortico-cancellous bone graft
had healed radiographically and clinically at a mean
of 12.3 wk™, Currently, the most accepted technique
for nonunions is open curettage of the nonunion site
followed by intramedullary screw placement™.

Currently, there exists a variety of intramedullary
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screws a surgeon can select from for fixation of a
proximal fifth metatarsal fracture. Solid and cannulated
screws exist. The theoretical advantage of a cannulated
screw is the precision and ease if screw placement over
a guidewire™®"), However, a study done by Glasgow
et al®® reported the risk of re-fracture with cannulated
screws. The study examined operative failure of three
delayed unions, three nonunions, and five acute Jones
fractures. A variety of intramedullary screws were used
including: 4.0-mm cancellous, 4.5-mm malleolar, 4.5-mm
cannulated screw, and a 6.5-mm cancellous screw. They
concluded that intramedullary fixation with other than
a 4.5-mm malleolar screw resulted in re-fracture and
failure. In this same study two of the nonunions and all
of the delayed unions treated with cortico-cancellous
bone graft failed. They concluded failure was due to
undersized cortico-cancellous grafts and incomplete
reaming of the medullary canal. Additionally, early
return to vigorous physical activity with the bone graft
procedure and screw fixation was associated with re-
fractures and delayed union®®. It should be noted that
that in this study the definition of Jones fracture included
zone two and zone three fractures. On the contrary, a
more recent study by Porter et al***! described 100%
union using a partially threaded cancellous 4.5 mm
cannulated screw for fixation of acute zone two fractures
in self-reported athletes with high satisfaction rates and
no re-fracturest"’,

Pietropaoli et a*”’ compared the strength of 4.5-mm
malleolar screws and 4.5-mm partially threaded cancellous
cannulated screws in a simulated Jones fracture (zone
two) cadaver model. The study reported no difference in
the two screws from a biomechanical standpoint. They
also found that the forces to cause displacement in both
screws were much higher than the peak force experienced
by the lateral aspect of the foot. Therefore, they concluded
that early return to function after intramedullary screw
fixation of these fractures should be considered™”.

Portland et af*® demonstrated 100% union rate after
immediate intramedullary fixation with 4.5-mm or 5.0-mm
cannulated screws in acute Jones fractures (zone two) and
Torg type I diaphyseal stress fractures, with an average
time to union of 6.2 wk. Immediate intramedullary fixation
of type II diaphyseal stress fractures resulted in 100%
union and average time to union of 8.3 wk. They advocate
for immediate intramedullary fixation of Jones fractures
and acutely presenting Torg type I and 1I diaphyseal
stress fractures’®.

A more recent study done by DeSandis et a/***
investigated screw sizing of zone two fractures using CT
and radiographic analysis of fifth metatarsal morphology
in 241 patients. The fifth metatarsal has a lateral
curvature and a plantar bow and its shaft morphology
is variable which makes choosing the correct screw
challenging. They recommended using the largest
diameter screw possible keeping in mind using a large
diameter medullary screw in a narrow canal can result in
diaphyseal fracture. The analysis found a range of canal
widths between 2.2- and 5.9-mm and they concluded
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most canals can accommodate a 4.0- or 4.5-mm
diameter screw. They recommend using AP radiographs
for preoperative templating of screw diameter to ensure
the screw is an adequate size for the patient. Screw
length they concluded should be as short as possible with
16 mm of distal threads. Based on their imaging analysis
screw length should rarely be larger than 50-mm and
typically should be 40-mm or less to prevent fracture
distraction that can result due to the natural plantar bow
of the fifth metatarsal. Additionally, special attention
should be paid to larger individuals which based on
their analysis were found to have more bowing. In this
population excessively long screws should be avoided to
reduce the risk of medial cortex perforation which may
lead to fracture distraction™®.

In some cases, tension band wiring may be favoured
if there are small fragments that are not amenable to
screw fixation™?. Sarimo et al® treated 27 zone two
fractures with tension band wiring with good results.
Patients started weightbearing at three weeks and the
mean time to union was 12.8 wk®,

Postoperatively after fixation of proximal fifth
metatarsal fractures the foot should be immobilized and
kept nonweightbearing. The period of nonweightbearing
is 1 to 2 wk with progressive weightbearing in a short-leg
walking cast or aircast for four to six weeks!>*%!1921,
A functional brace or foot orthoses may be worn if the
patient is returning to strenuous competitive activity™**!,
Following inlay cortico-cancellous bone grafting the
patient should be immobilized and nonweightbearing for
six weeks as specified by Torg et af*..

CONCLUSION

The treatment of fifth metatarsal fractures is evolving
and evidence-based medicine is directing care which can
be nonoperative or operative. The choice of treatment
varies by anatomical region, patient history and
radiological findings. All nondisplaced fractures including
stress fractures can be treated nonoperatively™*'**, Fifth
metatarsal neck and shaft fractures may be treated with
a variety of nonoperative modalities and weightbearing
as tolerated!"®’. There is no definitive literature that
describes the exact amount of translation and angulation
that is acceptable for metatarsal neck and shaft fractures.
The criteria cited is more than 10 degrees of plantar
angulation or three to four millimeters of translation in
any plane™™. Displacement greater than this, should be
corrected by open reduction if closed reduction fails!™®.
The recommended treatment for nondisplaced zone
one fractures is symptomatic care in a walking cast, air-
boot, or compression wrap with protected weightbearing
until discomfort subsides'®’. Based on the current
literature, less rigid immobilization and shorter period of
nonweightbearing can be associated with better early
functional outcomes (Table 1). These fractures should
be treated operatively if displaced more than three
millimeters or if more than 30% of the cubometatarsal
joint is involved. The treatment of zone two and zone three
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fractures is more complex because they are recognized
for prolonged healing time and nonunion. Nonoperative
treatment of zone two and zone three fractures includes
immobilization and nonweightbearing for 6 to 8 wk or
longer in the case of zone three stress fractures™?. Torg
type I diaphyseal stress fractures and acute zone two
fractures are managed nonoperatively, however in the
highly active population operative management should
be considered due faster clinical healing and return to
sport®**?4, Zone two and zone three delayed unions
may be managed operatively or nonoperatively™*.
Operative intervention is recommended in the active
population®!. Symptomatic zone two and zone three
nonunions should be managed operatively™?.

Evidence based decisions are difficult in this anatomic
area as there is a paucity of good randomized control
trials comparing treatment options. In the studies
that do exist zone two and zone three fractures are
often confused. In addition to fracture classification
inconsistencies there are also inconsistencies with respect
to chronicity of fractures and differentiating between
stress fractures and an acute traumatic mechanism®.
Regardless, when making decisions on treatment, special
attention should be paid to the athlete with operative and
nonoperative approaches to treatment being outlined
and the treatment modality should be based on the
patient’s preference.
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