Clarifying Proximal Diaphyseal
Fifth Metatarsal Fractures
The Acute Fracture versus the Stress Fracture
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This article discusses the classification and treatment of proximal dia-
physeal fifth metatarsal fractures. There are two types of proximal dia-
physeal fracture of the fifth metatarsal: the acute proximal diaphyseal
fracture and the proximal diaphyseal stress fracture. Confusion be-
tween the two types of fractures is probably due to their similar location
and the historical practice of referring to all fractures in this location as
Jones fractures. Both fractures are prone to delayed union and require
long periods of nonweightbearing immobilization or internal fixation for
healing. However, because the mechanism of injury is different for
each fracture, the treatment plan may need to be tailored to the partic-
ular type of fracture. (J Am Podiatr Med Assoc 89(8): 398-404, 1999)

In the early part of this century, an English surgeon
named Robert Jones sustained an injury to his foot
while dancing around a tent pole at a military party.'2
The following day he requested a radiographic exam-
ination of his foot, which revealed a fractured fifth
metatarsal. In 1902, Jones published a paper in An-
nals of Surgery describing this fracture, as well as
other similar cases he had seen.! Jones reported that
his fifth metatarsal fracture occurred “about three
fourths of an inch from its base.”1®%7 This type of
fracture eventually became known as the Jones frac-
ture. While much folklore has filtered through the lit-
erature regarding Jones’s misfortune, there has been
a great deal of confusion regarding proximal fifth
metatarsal fractures.

Many authors have confused the avulsion fracture
of the tuberosity with the true Jones fracture of the
proximal diaphysis.>!! More recently, there has been
confusion between the proximal diaphyseal fractures;
however, two distinct fractures have been identified,
the acute proximal diaphyseal fracture (initially re-
ported by Jones) and the proximal diaphyseal stress
fracture.'>!* These two fractures have differing eti-
ologies: the acute proximal diaphyseal fracture is
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generally caused by a single traumatic episode, where-
as the proximal diaphyseal stress fracture is caused
by repeated submaximal weightbearing stress. Inter-
estingly, although Jones presented his cases as if
they were acute fractures, Byrd!*®¢7® suggests that a
review of Jones’s original radiographs indicates that
they “meet the criteria for a stress fracture.”

In contrast to other fifth metatarsal fractures, such
as the avulsion fracture of the tuberosity, proximal
diaphyseal fractures are prone to delayed union and
refracture,® % 12,1617 gnd are renowned for their prob-
lematic nature.’20 Because of these concerns, proxi-
mal diaphyseal fractures require aggressive treat-
ment. To ensure appropriate treatment, accurate
diagnosis is required; therefore, clinicians need to be
familiar with the anatomy of the fifth metatarsal.

Anatomy of the Fifth Metatarsal

The bony architecture of the fifth metatarsal is simi-
lar to that of other metatarsals, and contains a proxi-
mal metaphysis, a proximal diaphysis, a diaphysis
(shaft), a neck, and a head. However, the fifth meta-
tarsal is unique in that it has a proximal tuberosity at
the site of insertion of the peroneus brevis tendon. In
addition to the peroneus brevis, the tendon of per-
oneus tertius inserts into the dorsal proximal shaft.2!
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A further soft-tissue structure, the lateral slip of the
plantar fascia, inserts into the plantar aspect of the
tuberosity. Interestingly, results from a cadaveric
study by Richli and Rosenthal?? suggest that this
structure, rather than the peroneus brevis tendon, is
the probable cause of the avulsion fracture of the
fifth metatarsal tuberosity.

The fifth metatarsal has articulations with the
cuboid proximally, the fourth metatarsal medially,
and the proximal phalanx of the fifth digit distally.
The base of the fifth metatarsal is strongly held in
place by ligamentous attachments to the cuboid and
fourth metatarsal. These attachments cause the range
of motion within the proximal articulations to be rel-
atively small, with movement occurring predomi-
nantly in the directions of pronation and supination.23

Generally, there are three muscles that originate
from the fifth metatarsal, including the flexor digiti
minimi brevis and the dorsal and plantar interossei
muscles. The flexor digiti minimi brevis muscle origi-
nates from the plantar base of the metatarsal, while
the interossei muscles originate from the medial as-
pect of the shaft. Occasionally, there are variations in
the normal musculature, including the following: 1) a
portion of the abductor digiti minimi muscle may
originate from the plantar aspect of the fifth metatar-
sal base; 2) the abductor ossi metatarsi quinti mus-
cle, if present, inserts into the styloid process; and 3)
the opponens digiti minimi muscle, if present, inserts
into the lateral border of the fifth metatarsal shaft.>

The vascular supply of the fifth metatarsal has
been investigated in two recent studies that conclude
that the fifth metatarsal has a relatively poor blood
supply to the proximal diaphysis.? 26 Further, Smith
et al? suggest that the single nutrient artery supply-
ing the proximal diaphysis would be disrupted after a
fracture, leading to disruption of the vascular supply
and delayed healing,.

Classification of Fractures

Acute proximal diaphyseal fractures occur approxi-
mately 1.5 to 3 cm distal to the base of the metatarsal
and are sometimes referred to as junctional fractures
because of their location, which is closer to the meta-
physeal/diaphyseal junction (Fig. 1).2% 28 Proximal di-
aphyseal stress fractures occur in a similar area, usu-
ally slightly distal to that of the acute fracture (Fig. 2).

As stated previously, all fractures in the proximal
portion of the fifth metatarsal have often been classi-
fied as Jones fractures. To remedy this confusing sit-
uation, Lehman et al?® devised a classification system
that includes three types of proximal diaphyseal frac-
tures. They suggested that a standardized classifica-
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Figure 1. Acute proximal diaphyseal fracture. Note
the signs of a secondary avulsion fracture of the
tuberosity.

Figure 2. Proximal diaphyseal stress fracture. Note
the reactive sclerosis, decreased medullary canal
width, and the fracture line only through plantar lat-
eral cortex.

tion system was necessary because of the variable
nature of proximal diaphyseal fractures. This classifi-
cation system appears to have been well utilized by
many authors; however, it requires a degree of famil-
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iarity with these fractures. The three types of frac-
tures in this classification are as follows: type I,
which represents an acute fracture with no history of
previous pain or trauma and no radiographic evi-
dence of delayed union (however, this may include an
acute fracture at a site of previous stress reaction,
and there may be some periosteal reaction and mini-
mal cortical thickening); type II, which represents a
fracture that has a history of previous injury or frac-
ture, and has radiographic signs of delayed union;
and type III, which represents a nonunion.

A logical and easier method of classifying proxi-
mal diaphyseal fractures of the fifth metatarsal in-
volves classifying the fractures according to their
mechanism of injury.®® Therefore, proximal diaphy-
seal fractures would be classified as either acute or
stress related. This system allows those who are not
experts on this topic to understand quickly the loca-
tion and nature of the fracture. Once a fracture is
classified as either an acute proximal diaphyseal
fracture or a proximal diaphyseal stress fracture, the
terms “delayed union” and “nonunion” can be used
after assessing the fracture’s response to treatment.
Unfortunately, the original term “Jones fracture,”
while a noble gesture to Sir Robert Jones, has inad-
vertently led to confusion and therefore should not
be used as the primary classification.

Incidence

Two recent studies have reported on the incidence of
fifth metatarsal fractures.?! 32 Although the avulsion
fracture is by far the most common type, the acute
proximal diaphyseal fracture was evident in both
studies. Arangio,’! in a study of 49 subjects, reported
that acute proximal diaphyseal fractures accounted
for 4% of fifth metatarsal fractures. Clapper et al 3
using different classification zones than Arangio,
found that “true Jones fractures” (acute proximal di-
aphyseal fractures) accounted for 25% of fifth meta-
tarsal fractures. The study by Clapper et al involved
100 subjects, most of whom were young military re-
cruits. Their rigorous training schedule explains the
higher percentage of proximal diaphyseal fractures
compared with that of the study by Arangio. Interest-
ingly, neither study reported any stress fractures,
even though the participants in the study by Clapper
et al would have been relatively active. Other authors
have reported the occurrence of stress fractures, par-
ticularly in the athletic population.!3. 173335

In addition, two large retrospective studies have
found the frequency of proximal diaphyseal fractures
(acute and stress) to be in the vicinity of 0.8% to 1.9%
of all foot fractures.?¢ 37 Therefore, in assessment of
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the overall incidence of proximal diaphyseal frac-
tures, it is evident that they occur frequently enough
that clinicians need to be highly suspicious of any
trauma to the fifth metatarsal.

Mechanism of Injury

The acute proximal diaphyseal fracture occurs when
the ankle is plantarflexed and the forefoot is ground-
ed.! In this position, medial-to-lateral weight transfer
will subject the forefoot to an adduction force. As the
base of the fifth metatarsal is held tightly by ligamen-
tous support, the distal aspect will adduct relative to
the proximal diaphysis, which acts as a fulcrum. If the
grounded foot is unable to compensate by inverting, a
fracture will occur at the proximal diaphysis.’? Acute
proximal diaphyseal fractures are not limited to the
athletic population, whereas proximal diaphyseal
stress fractures are seen almost exclusively in ath-
letes. The stress fracture, therefore, has a different
mechanism of injury.38

Proximal diaphyseal stress fractures of the fifth
metatarsal are caused by submaximal repeated
stress. A recent biomechanical study found that the
peak stress occurs approximately 3.38 to 4.05 cm dis-
tal to the tuberosity when the load is directed 30° to
60° from the horizontal plane relative to the long axis
of the metatarsal.® It is becoming increasingly evi-
dent that the cause of this injury is faulty lower-limb
biomechanics.?® For example, an uncompensated
varus deformity of the foot will increase the plantar
pressure under the fifth metatarsal head, thereby in-
creasing the bending stress at the proximal diaph-
ysis.?42 Similarly, this mechanism has previously
been implicated as an underlying cause of second
metatarsal stress fractures.*

However, an alternative mechanism of injury has
been suggested by Roca et al.** Using a photoelastic
model, they suggest that the action of the peroneus
brevis muscle creates tensile stress in the outer cor-
tex of the fifth metatarsal diaphysis. From this re-
search, they imply that the pull of the peroneus bre-
vis muscle is associated with the development of
fifth metatarsal stress fractures.

Diagnosis

Prior to x-ray evaluation, a thorough history and
physical examination should be performed. The his-
tory should include questions relating to the type of
injury (description of the injury), previous (prodro-
mal) symptoms, and previous fracture of the fifth
metatarsal. Signs of swelling and bruising, as well as
pain on palpation and movement, are assessed dur-
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ing the physical examination. In addition, it is impor-
tant to assess whether sural nerve function and vas-
cular supply to the fifth digit are still patent.*

Radiographic examination should include antero-
posterior (dorsoplantar), lateral-oblique, and lateral
projections of both feet. Bilateral x-rays are recom-
mended because of the chance of accessory bones (os
peroneum and os vesalianum) or a secondary apoph-
ysis being present at the base of the metatarsal.
These normal variants may confuse the diagnosis;
however, they often occur bilaterally. Bone scans
should not be required, but they may be useful to
demonstrate an early stress reaction preceding a
stress fracture.?

With regard to proximal diaphyseal stress frac-
tures, patients will usually experience symptoms
prior to seeking treatment or experiencing a com-
plete fracture. Obviously, it is preferable to diagnose
a stress reaction before it develops into a stress frac-
ture; however, once they occur, proximal diaphyseal
stress fractures are easily recognized on x-rays (Figs.
3 and 4). There are certain characteristic signs associ-
ated with fifth metatarsal stress fractures: a radiolu-
cent fracture line, reactive sclerosis surrounding the
fracture (Fig. 3), a reduced medullary canal width
caused by the sclerosis, heaped-up bone callus on
the outer margin of the fracture (Fig. 4), and a frac-
ture line that is wider at its plantar and lateral aspect

. “\%q’)"g"‘m
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Figure 3. Proximal diaphyseal stress fracture. Note
the reactive sclerosis surrounding the fracture line,
suggesting delayed union. This is a Lehman et al?®
type Il fracture.
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compared with its dorsal and medial aspect.!3 14 46
However, sometimes there will be an acute fracture
with signs of an underlying stress reaction within the
bone (Fig. 5). This occurs when the bone is being
stressed in a fashion that would lead to a stress frac-
ture; then, prior to the fatigue stage, there is a large
enough single traumatic insult to cause an acute frac-
ture of the bone.

Treatment

Treatment for proximal diaphyseal fractures must be
aggressive, with options ranging from nonweight-
bearing cast immobilization to surgical fixation. How-
ever, certain studies suggest that nonweightbearing
cast immobilization is just as effective as surgical in-
tervention.!4 3% 36,47 The minimum suggested time for
cast immobilization is 6 to 8 weeks with a strict non-
weightbearing protocol to prevent ongoing distrac-
tion of the fracture.*- 45 If the fracture has not unit-
ed after a period of 6 to 12 weeks, surgery should be
considered.? 5! An initial period of immobilization
does not appear to have deleterious effects on surgi-
cal intervention at a later date.

Surgical options for treating proximal diaphyseal
fractures include bone grafting” 1% 2% 53, 54 and cross-
pinning*; however, screw fixation is also a popular
method.12 13375558 [n athletes, other active people, or

Figure 4. Proximal diaphyseal stress fracture. Note the
heaped-up bone callus, suggesting delayed union.
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Figure 5. Acute proximal diaphyseal fracture with un-
derlying stress reaction. Note the mild sclerosis and
decreased medullary canal width around the fracture
site. This is a Lehman et al®® type | fracture.

cases of delayed union, screw fixation appears to be
the method of choice. The procedure described by
DelLee et al'® has gained acceptance; it uses an axial
intramedullary screw via a percutaneous approach.
Further, Mindrebo et al®” suggest that this procedure
can be performed on an outpatient basis for athletes
who want to return to activity as soon as possible. In
their series of nine patients, the average time to re-
turn to competition was 8.5 weeks. However, surgi-
cal intervention is not without its dangers, including
delayed union and refracture.’ In addition, if the
fracture is repaired with a screw, the screw place-
ment is critical, as complications such as irritation
over the screw head and screw fracture have been
reported.!2 5

As stated previously, some authors suggest that
acute proximal diaphyseal fractures,® % as well as
proximal diaphyseal stress fractures in the athletic
population,’! can be successfully treated nonopera-
tively, with an early return to activity and no recur-
rence of symptoms. However, care is still needed
with those patients who have sustained a stress frac-
ture; they should return to activity on the basis of
their symptoms, and, if pain develops, surgery is rec-
ommended.®! Careful radiographic monitoring for ev-
idence of delayed union will prevent unnecessary
delay of surgical treatment.
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Patients who experience a proximal diaphyseal
stress fracture must be evaluated for biomechanical
malalignment because many lower-limb stress frac-
tures are linked to faulty biomechanics.* Biome-
chanical anomalies such as uncompensated forefoot
or rearfoot varus will increase loading under the fifth
metatarsal head. This, in turn, will increase bending
moments within the metatarsal, distract the fracture,
and delay healing.?4! Further, once the fracture has
healed, it is plausible that the chance of refracture
will also increase if these anomalies are not ad-
dressed. However, well-controlled studies are need-
ed to support or refute this theory. One recent case
report illustrated this link between biomechanical
anomalies and fifth metatarsal stress fractures. The
report concerned a child with talipes equinovarus
who suffered delayed union and refracture of bilater-
al proximal diaphyseal stress fractures.® The frac-
tures remained healed only after revision surgery to
correct the varus alignment of the feet. Moreover, it
is highly likely that early recognition of the prodro-
mal symptoms associated with a stress reaction
would lessen the chance of complete fracture.
Prompt treatment with appropriate orthotic therapy
would decrease the load that, if allowed to continue,
would eventually lead to a stress fracture. Orthotic
therapy includes strategies to reduce force such as
accommodative plantar padding (eg, winged padding)
in the form of an insole, or in addition to a functional
foot orthosis.

Finally, a modality that demonstrates great poten-
tial in the treatment of proximal diaphyseal fractures
is pulsed electromagnetic fields. Modern pulsed elec-
tromagnetic field units are conveniently packaged,
noninvasive, and easy to use, offering an alternative
to surgery. Small extremity units can be used directly
over the fracture site. A control unit induces a small
electrical current, which creates an optimal environ-
ment for bone growth. The current is similar to the
natural current produced by the body during the ini-
tial stages of bone repair. The patient can remain am-
bulatory with the unit used externally for 3 to 10
hours per day, although closer to 10 hours per day
appears to give the best results.%

Research using pulsed electromagnetic fields for
proximal diaphyseal fractures of the fifth metatarsal
has been limited, which is surprising given the recal-
citrant nature of these fractures. Holmes% compared
this treatment favorably with surgical treatments for
delayed healing of proximal diaphyseal fractures, al-
though there were only nine subjects in the study.
Elsewhere in the body, pulsed electromagnetic fields
have also been shown to be helpful in cases of de-
layed union.%> Further research is clearly needed on
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this modality, as it may be a cost-effective and less
interventionist form of treatment compared with
surgery.

In summary, proximal diaphyseal fractures can
initially be treated with 6 to 8 weeks of nonweight-
bearing cast immobilization. If there are signs of de-
layed union, or if the patient is particularly active,
surgical fixation should be considered. In addition,
any biomechanical anomalies, such as uncompensat-
ed forefoot or rearfoot varus, that predispose individ-
uals to stress fracture need to be addressed. These
can be addressed with orthotic therapy that redis-
tributes force away from the fifth metatarsal.

Conclusion

This article has reviewed the literature and presented
a guide to the identification and treatment of proxi-
mal diaphyseal fractures of the fifth metatarsal.
There are two distinct types of proximal diaphyseal
fracture commonly referred to as Jones fracture, the
acute proximal diaphyseal fracture and the proximal
diaphyseal stress fracture. The acute proximal dia-
physeal fracture is caused by a single traumatic
event, whereas the proximal diaphyseal stress frac-
ture is caused by repeated submaximal weightbear-
ing stress. Both fractures are prone to delayed heal-
ing, which appears to result from the poor blood
supply to the proximal diaphysis and the mechanics
of the metatarsal. Because of this potential for de-
layed union, both of these fractures require aggres-
sive treatment, either nonweightbearing immobiliza-
tion or internal fixation.

Particular attention needs to be paid to the biome-
chanics of a person experiencing a proximal diaphy-
seal stress fracture. Excessive weightbearing stress
to the fifth metatarsal causes this injury and, if not
decreased with appropriate orthotic therapy, may
prevent it from healing in a reasonable time and may
subject it to refracture. Appropriate orthotic therapy
includes strategies that redistribute force away from
the fifth metatarsal. Finally, it is plausible that these
strategies, if applied early in the stress-reaction
phase, may minimize the chance of a stress reaction
developing into a stress fracture.
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