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Summary

Background: The purpose of this non-randomized
retrospective study was to investigate outcomes of
minimally displaced, proximal 5MTB fractures,
treated by a below-knee walking cast or a functional
elasticated bandage with a support of a flat hard-
soled shoe.

Methods: A consecutive patient series was divided
into two groups: the cast group (CG) and the
functional group (FG). The subjects were radio-
logically and clinically evaluated according to
Mehlhorn and Lawrence-Botte classification, and
AOFAS Midfoot score, respectively.

Results: 154 patients were followed up for a median
of 15 months (range 12-24). There was no significant
difference (p > 0.05) among the outcomes of each
fracture pattern regarding the treatment choice.
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However, an earlier return to sports was noted in the
FG, while Type-3 fractures achieved the worst
results.

Conclusion: Type-1and 2 minimally displaced 5MTB
proximal fractures can be successfully treated
conservatively without weight-bearing restriction
and without benefit of a cast with respect to a
functional elasticated bandage.

Level of clinical evidence: level lll retrospective
comparative study.

KEY WORDS: fifth metatarsal bone, foot fractures,
fractures classification, Jones fracture, stress fractures.

Introduction

Fractures of the metatarsal bones are among the most
frequent injuries of the foot (> 50%) and represent 5-6%
of all fractures seen in emergency departments!-S.
Multiple classification systems, over-complicating the
issue, have been introduced to distinguish the different
proximal fracture types of the fifth metatarsal bone
(5MTB)%9. These are considered complicated injuries
due to the peculiar blood supply of this area and the
multiple anatomical structures that insert in the proximal
epiphysis of the 5SMTB'9 (Fig. 1). Torg proposed to divide
the SMTB into four zones based on common fracture
lines, and sub-classifying them into acute, delayed or
non-union'. At present, the simplified three-part
classification proposed by Lawrence and Botte is the
most commonly used'?, distinguishing between
tuberosity avulsion fractures, Type-1 (Zone-1); fractures
at the metaphyseal-diaphyseal junction, called Jones
fractures, Type-2 (Zone-2); and shaft stress fractures
Type-3 (Zone-3). However, it is not widely accepted
because many fracture lines lie between these zones'3
18, In 2012, Polzer stated that non-operative treatment is
indicated for metaphyseal fractures and surgical fixation
for metadiaphyseal fractures, although the exact
borderline between these groups remains unclear'®.
More recently, in 2014, Mehlhorn et al. proposed a new
radiographic classification of tuberosity avulsion fractures
(Zone-1), identifying 3 fracture groups at risk of
secondary displacement: fractures entering in the lateral
third of the 5SMTB joint, fractures occurring in the middle
third, and fractures in the medial third. They further
divided them into two categories: non-displaced or
displaced with a fracture-step-off > 2 mm?20. Although
Mehlhorn et al. evaluated the risk of secondary displa-
cement, they did not evaluate patient clinical outcomes,
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Figure 1. Dissection of the lateral side of the foot demonstrating the tendinous and aponeurotic structures inserting in the
fifth metatarsal base. 1) Tendon of the extensor digitorum longus for the fourth toe. 2) Tendon of the peroneus tertius
inserting in the base of the fourth and fifth metatarsal. 3) Muscle belly of the extensor digitorum brevis. 4) Tendon of the
peroneus brevis inserting in the fifth metatarsal base. 5) Lateral division of the lateral component of the plantar aponeurosis
inserting in the fifth metatarsal base. 6) Tendinous expansion of the peroneus tertius for the fifth toe. 7) Tendinous
expansion of the peroneus brevis for the fifth toe (peroneus digiti quinti).

neither excluded from their classification the Type-2
and 3fractures as described by Lawrence and Botte'2.
Management of 5SMTB fractures can be challenging and
is a matter of discussion in the orthopaedic community.
There is little data available concerning the different
fracture patterns of Zone-1, so we sought to categorize
Type-1 fractures in this study to increase awareness of
the typical patterns of tuberosity injuries'®20. Therefore,
the purpose of this observational, retrospective, non-
randomized study, performed on a consecutive series of
patients with diagnosis of acute, minimally displaced,
proximal fracture of 5SMTB, was to evaluate radiographic
and clinical early outcomes in relation to the different
fracture patterns, including sub-types-1, after conser-
vative management without weight-bearing restriction by
a below-knee walking cast or a functional elasticated
bandage with the support of a flat hard-soled shoe.

Material and methods

Patients

In our study, we identified all consecutive patients who
came to the attention of the Emergency Department of
our Level-I Healthcare Trauma Center for acute,
isolated, closed, minimally displaced fractures of the
5MTB from January 2012 to December 2014. The
patients were treated without weight-bearing restriction
in two different conservative methods by a below-knee
walking cast or a functional elasticated bandage with
the support of a flat hard-soled shoe. The choice of
treatment was decided based on the preferred practice
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of the same orthopaedic team of 5 surgeons of our
Trauma Unit, including the senior Author (C.B.). All
subjects participating in this study received a thorough
explanation of the risks and benefits of inclusion and
gave their oral and written informed consent to publish
the data. All Authors of the present study conducted
this research ethically according to international
standard as required by the Journal?!.

Inclusion and exclusion criteria

For inclusion, all patients had to be between 18 and 65
years of age, having skeletal maturity, and having
suffered an acute, isolated, closed, proximal fracture of
the 5MTB with displacement of 2 mm or inferior and
without other associated injuries. Subjects had to have a
complete medical history, a foot and ankle examination,
a serial radiographic evaluation, and a minimum clinical
and radiographic follow-up of 12 months. Specific patient
exclusion criteria were as follows: skeletally immature
patients, open or inveterate fractures, multiple fractures,
incomplete radiographic or chart records, history of
previous foot surgery, previous ipsilateral foot surgery or
fractures, tumour, lower limb deformities, rheumatologic
diseases or psoriatic arthritis, diabetes, foot neuropathy
and vascular insufficiency.

Patient assessment

Data collection and patient assessment were performed
at our institution by two investigators (A.G. and G.d.G.),
not involved in patient treatment, and analysed by a third
investigator (M.C.), blinded to the type of treatment. The
patients were retrospectively enrolled in the present
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case series study, and all of these patients underwent
radiographic assessment at two follow-up points, while
clinical evaluation was performed only at the last
follow-up. Age, gender, race, affected side, body mass
index (BMI) and mechanisms of the trauma were
collected from the electronic database of the hospital
(E-Health). The patients were distributed into two
groups according to the type of treatment: the group
treated by a below-knee walking cast (CG) and the
group managed by functional elasticated bandaging
(FG) with the support of a flat hard-soled shoe.

Both treatments began in the emergency department
after the trauma. In the CG, the walking cast was
applied by an orthopaedic surgeon of our unit with the
help of two accredited casting nurses, while in the FG,
the functional bandage was applied directly by the
nursing staff. The patients of the FG group were
requested to buy the orthopaedic shoe the same day or
the following one. In both groups, the use of crutches
was suggested, and the patients were encouraged to
bear weight as soon as they could tolerate it. Both
types of treatment, as well as the thromboembolic
prophylaxis with Nadroparin Calcium injections, were
suggested for a 4-6-week period, at the discretion of
the treating surgeon.

Radiographic evaluation
Radiographic data of the 5MTB proximal fractures
included standard lateral, axial, and internal oblique view
radiographs of the foot taken at the time of trauma in the
emergency department. The radiographs were repeated
on an outpatient basis at 4- to 6-week intervals at the
discretion of the treating surgeon after removing the cast
or the bandage, and again at a minimum follow-up of 12
months, as proposed by the study protocol. Radiographic
images were taken non-weight-bearing only at the
beginning and weight- bearing at the other two follow-
ups. Diagnostic LCD CORONIS 5MP display was used
as viewing monitor to analyse the radiographic images
of fractures, in conventional vertical or horizontal
orientation?2, and fracture outcomes. Each patient’s serial
radiographs were reviewed by the first investigator (A.G.)
to determine the site and type of fracture at the time of
trauma. The examination of lateral, axial and internal
oblique view radiographs at different follow-ups, showing
complete bridging bone/callus formation and the absence
of radiolucent lines, was used to define bone healing.

On the base of the early radiographs, the fractures

were classified according to Mehlhorn and Lawrence

and Botte classifications, (calling the Mehlhorn

subtypes of Zone-1: a, b, c) as follows (Fig. 2):

e Type-1a: fracture involving the lateral one-third
metatarsal-cuboid joint (Fig. 3);

e Type-1b: fracture involving the middle one-third
metatarsal-cuboid joint (Fig. 4);

e Type-1ic: fracture involving the medial one third
metatarsal-cuboid joint (Fig. 5);

e Type-2: fractures at the junction between the
proximal diaphysis and metaphysis of the fifth
metatarsal (Jones fractures) (Fig. 6 left);

e Type-3:fractures of the fifth metatarsal shaft (shaft
stress fractures) (Fig. 6 right).
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Figure 2. A 3-zone anatomical classification of 5MTB
proximal part used during our analysis according to
Mehlhorn, Lawrence and Botte studies. Zone-1a: including
the lateral one-third metatarsal-cuboid joint; Zone-1b:
including the middle one-third metatarsal-cuboid joint;
Zone-1c: including the medial one third metatarsal-cuboid
joint. Zone-2: including the junction between the proximal
diaphysis and metaphysis of the fifth metatarsal. Zone-3:
including the fifth metatarsal shaft.
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Figure 3. X-ray of a Type-1a fracture and
correlation in bone model: fracture involving
the lateral one-third metatarsal-cuboid joint.

Figure 4. X-ray of a Type-1b fracture and
correlation in bone model: fracture involving
the middle one-third metatarsal-cuboid joint.
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Figure 5. X-ray of a Type-1c fracture and correlation
in bone model: fracture involving the medial one third
metatarsal-cuboid joint.

Figure 6. X-rays of Type-2 and Type-3 fractures and correlation in bone models: Type-2 (left): fractures at the junction
between the proximal diaphysis and metaphysis of the fifth metatarsal (Jones fractures); Type-3 (right): fractures of the
fifth metatarsal shaft (shaft stress fractures).
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Clinical evaluation

First, clinical information, included complications, after
early evaluation at a 4- to 6-week period was obtained
for each participant. Second, at the time of this study,
a phone contact was attempted for all patients, and a
follow-up appointment was fixed. Patients who returned
were examined by the second investigator (G.d.G), and
clinical results were measured using the AOFAS
Midfoot score!. Clinical healing was defined as the
absence of pinpoint tenderness on fracture site
palpation and the patient’s ability to bear weight on the
involved foot without discomfort. Further, the following
parameters were assessed: sport type and activity level
(high level athletes training more than 14 hours per
week; recreational athletes less than 14 hours per
week), time until return to full weight bearing, to work
and to sport activities.

Statistical analysis

Statistical analyses were performed by an independent
statistician (A.C.F) from the Department of Statistics of
our university using SAS 9.2 (SAS Institute Inc., Cary,
NC, USA) for Windows. The comparison of the
patients’ demographic, anthropometric and clinical
characteristics between the two treatment groups was
performed with the unpaired t-test for quantitative
variables. Statistical significance was set at p < 0.05.

Results

Patients’ demographic data

During a 3-year period, 188 patients with the same
number of proximal fractures of 5SMTB meeting the
inclusion criteria were evaluated. We could not
evaluate 34 patients as 13 refused to participate, and
2 were dead at time of analysis; a follow-up address
could not be retrieved for 19 subjects. Of 154 patients,
74 were treated by immobilisation in a below-knee cast
(CG) and 80 with a functional elasticated bandage (FG)
and the support of a flat-soled orthopaedic shoe.
Resulting patient data are shown in Table |. There were
94 women (61%) and 60 men (39%), all Caucasian
subjects. The mean patient age at the time of injury
was 43 years (range 15-65) for all fracture types (38
yrs for Type-1a, 45 yrs for Type-1b, 41 yrs for Type-1c,
45 yrs for Type-2 and 57 yrs for Type-3), with no
significant difference between groups. The right side
was involved 74 (48%) times and the left 80 (52%)
times. Mean BMI was 26.3 kg/m?2 (range 20-29) for all
fracture types (24 for Type-1a, 23 for Type-1b, 26 for
Type-1c and Type-2, and 27 for Type-3), and 55 (36%)
smoked more than 20 cigarettes/day. Fifty-two patients
(84%) were recreational athletes, and 102 (66%) did
not practice any sports. None of our patients was a
professional athlete. Mean follow-up time was 15

Table I. Patients’ parameters, distinguished according to the 3-zone classification system used (as proposed by
Mehlhorn, Lawrence and Botte), for each group of patients treated by below-knee walking cast (CG) or functional

elasticated bandage (FG).

PATIENTS’ PARAMETERS FRACTURE TYPES

NUMBER 1a 1b 1c 2 3

Cast Group (CG): 74 15 14 14 25 6

Functional Group (FG): 80 20 20 19 17 4

AOFAS MIDFOOT SCORE (100 points)

Cast Group (CG) 92.9 94.3 95 97.5 85
Functional Group (FG) 95.6 97.5 96 92.5 83
SIGNS OF CONSOLIDATION (%)

Cast Group (CG) 60 64.3 64.3 68 50
Functional Group (FG) 60 65 65 65 50
RETURN TO WORK (weeks)

Cast Group (CG) 71 7 7.5 6.7 8

Functional Group (FG) 7 6 7 6.8 8.5
RETURN TO SPORT (weeks)

Cast Group (CG) 12 10 12,5 12.1 20
Functional Group (FG) 9 8 10 9.4 22
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months (range 12-24). The mechanism of injury was
ankle inversion sprain and adduction of the foot for
most patients (108 pts, 70%) due to indirect trauma
during fall from a curb or stairs. Twenty-eight patients
(18%) reported a direct blunt trauma and 18 (12%) a
mixed trauma (direct blunt trauma associated to
sprain). The injuries occurred during free time (72%),
sports activities (14%), as a result of motorcycle
accidents (6%), and in a few cases, at work (8%).

Radiographic outcomes

There were 35 Type-1a fractures, 34 Type-1b, 33
Type-1c, 42 Type-2, and 10 Type-3. Signs of conso-
lidation were not statistically different in the two groups
for each type of fracture at 4- to 6-week follow-up.
Type-3fractures showed the least consolidation (50 vs
63.7%, p <0.001) compared to the other cases. There
was no case of secondary displacement except in
Type-3 fractures where there were 2 cases (one
treated with cast and one with bandage), which
required 8 weeks to heal, a longer time than expected.

Clinical outcomes

The clinically mean AOFAS scores at medium follow-
up of 15 months were not significantly different among
all fracture Types, treated with cast or functionally.
However, the Type-3 fracture outcomes were signi-
ficantly lower compared to the other types (84.2 vs
94.2, p <0.001). Return to work was faster for patients
of FG with Type-1A fractures and longer for those of
CG with Type-3fractures. Return to work was similar in
both groups (p > 0.05) and slightly lower in the FG
compared to CG (8.2 vs 6.75 weeks). However, this
was not statistically significant (p = 0.08). Return to
sport was evaluated only in patients that did at least 6
hours of sport activities per week (52/154 patients).
Return to sport was earlier in the FG for subjects with
Type-1b and 1c, and longer for those with Type-3. It
was significantly earlier in the FG than in the CG (p <
0.05), and overall, it was also significantly longer for
patients with Type-3 fractures than for those with one
of the other injuries (21.2 vs 10.2 weeks).

Complication rate

There was no case of secondary displacement except
in Type-3 fractures in which there were 2 cases
(mentioned above) that required longer time than
expected to obtain fracture healing (8 weeks). No other
complications were found in our patient series, no re-
fractures observed, and there were no cases of
thrombo-embolism in the lower limbs. There were no
cutaneous or deep infections, neither avascular
necrosis of the SMTB. However, 16% of patients of CG
experienced intolerance of the cast; however, the
treatment did not require change until the programmed
outpatient visit.

Discussion

Although acute proximal fractures of the 5MTB are
among the most frequent skeletal injuries of the foot,
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in the contemporary literature several studies have
shown the difficulty of their treatment and consequent
healing problems because of a lack of a standardized
classification system and a specific management
protocol8.7:16.17.23.24 For these reasons, Mehlhorn et al.
defined a fracture step-off larger than 2 mm as a risk
factor of post-traumatic non-union for Type-1 fractures,
over which, several surgeons preferred an open
reduction and internal fixation (ORIF)20.25-28, |n contrast,
Lawrence and Botte'? claimed that fractures of Zone-1
have excellent healing potential, thus they should be
treated symptomatically in any case. Several Authors
even recommended functional treatment for Type-1 and
-2 fractures indifferently, both non-displaced and
displaced?9-32, without considering the impact of fracture
dislocation, number of fragments, or involvement of the
cuboid-metatarsal joint.

In agreement with recent studies33-35, the FG in our
cohort achieved the best results compared to the CG,
especially for Type-1 fractures, permitting patients a
more rapid return to normal activities without com-
promising bone union. Although there is a lack of data
regarding Type-1c fractures in the literature20, we found
they had a consolidation time similar to Type-2. This
fracture type is reinforced by the lateral ligament
complex of Lisfranc and is very stable. In these non-
displaced injuries, functional treatment seems to have
had excellent results3®. This is in contrast with the study
of Mehlhorn, who recommended traditional ORIF for the
risk of secondary displacement also for Type-1c fra-
ctures?0.

There was no significant difference in the outcomes of
individual fracture patterns regarding the chosen trea-
tment (p > 0.05). However, 16% of patients experienced
discomfort with the cast. The preferable method is
probably functional bandage with the support of a flat
hard-soled shoe for 4 weeks, even if cast treatment is
not contraindicated. To support our data, recently
Akimau, et al.3! concluded that cast immobilisation of
avulsion fractures of the 5SMTB in adults provides no
benefit over symptomatic treatment with elastic
bandaging in shorter and longer times. Vorlat, et al.3¢
reported that the most significant predicting factor of a
poor functional outcome of these injuries was a
prolonged period of non-weight-bearing. This aspect
was irrelevant in our cohort study, as weight-bearing was
permitted almost immediately in both groups.

Although most Authors® 37 have reported conservative
treatment outcomes of fractures involving just the
tuberosity, we analysed all three zones clinically and
radiographically, finding similar outcomes of fractures
Type-1a, 1b, 1c and 2, without significant difference (p
> 0.05). Based on our results, in these fractures
displaced less than 2 mm, the radiological classification
used in this study is important in order to describe the
different anatomical sites, although this does not have
an impact on treatment outcomes. However, it is
possible that the various types of fractures described
by this classification system present different outcomes
for displaced fractures, for which further studies are
necessary.
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In our series, Type-2 fractures yielded good results in
both groups analysed. No patients required surgical
treatment, and we did not have cases of non-union,
independent of the treatment choice. However, con-
servative management in these cases is controversial
and also depends on patient compliance. According to
Woo et al.38, there seems to be no significant difference
in the radiographic union between treatment with a leg
cast for unloading and soft bandage with a tolerance
load, but there is less early pain in patients treated with
a leg cast. Easley et al.3? recommended initial con-
servative treatment, and 4-6 weeks with orthopaedic
brace or plaster without weight bearing, followed by an
additional 4-8 weeks of functional treatment with a
weight-bearing bivalve cast. In displaced fractures,
surgical treatment with intramedullary screw fixation is
indicated, but if optimal compression of the fracture
cannot be achieved, delayed bone healing and slower
return to competition in athletes may be observed'8. In
particular, Jones fractures could be very dangerous in
ballet dancers if not recognized, occurring in an acute
or chronic form. Fortunately, in dancers, they are not
as common as distal shaft fractures of the fifth
metatarsal (dancer’s fractures), stress fractures at the
base of second and third metatarsal or lateral instability
of the first metatarsophalangeal joint4%41. In any case,
the time of returning to sports activity for the
recreational athletes of our cohort with Type-1 and 2
fractures was similar to that reported by Saxena*?.
Our patients with Type-3 fractures reported the worst
outcomes at medium follow-up of 15 months, a delayed
return to work and also to sports. Although the fractures
were minimally displaced (<2 mm), 2 dislocations that
required longer treatment period occurred. For these
injuries, the majority of Authors®7.18.39.43 state that non-
operative treatment leads to a significantly longer time
to return to sports, with a range of failure of up to 44%.
They recommend surgical treatment to avoid prolonged
time of cast immobilisation, high rate of displacement
and poor clinical results. Although it is well documented
that the gold standard treatment of Type-3 fractures is
the surgical one'8:32, no study compares the outcomes
of shaft stress fractures after conservative versus
surgical treatment. Hence, the presence of a control
surgical group would be desirable. This question will
be addressed in a future study.

Several potential limitations may influence our findings,
mainly linked to its retrospective nature and the
consequent lack of randomization. Further, the fact that
the patients were treated differently according to the
orthopaedic surgeons’ preferences, without a pre-
stabilised management protocol, could be another bias
of the study. However, to the best of our knowledge,
our study is the largest in the literature, having
evaluated both functional and radiological outcomes for
the different fracture patterns. It includes a small
number of shaft fractures (Type-3), which were treated
surgically because of displacement. Our data were
collected by two independent investigators and
analysed by a third, blinded to the type of treatment to
reduce potential bias.
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Finally, we conclude that weight-bearing restrictions
and perhaps a follow-up period are not necessary, as
stated by Marecek and Ferguson*445, respectively, for
minimally displaced Type-1(all sub-types) and Type-2
fractures. In fact, the study reveals the excellent results
of these fractures managed conservatively by early
loading in both groups, without any benefit of the cast
with to respect to the functional elasticated bandage,
although an quicker return to sports was noted in the
FG. In contrast, both groups showed the worst
outcomes for Type-3 fractures and slower return to
work and sport activities.
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