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ABSTRACT

Background: The fifth metatarsal base fracture is a quite frequent fracture, occurring at a rate of 6
per 100,000 yearly. Fractures of the metaphyseal-diaphyseal junction (Jones fractures) have a
higher rate of non-union and occasionally do require surgery. This research aimed to assess the
findings of surgical treatment of a recent fracture base of 5th metatarsal in adults’ zone II, Il by
percutaneous intramedullary cannulated cancellous screws (4 mm and 6.5mm).

Methods: This prospective case series research was involved 21 adult patients with recent trauma
and closed base of 5th metatarsal fractures. All participants were subjected to laboratory study,
methods of radiological evaluation [Antero-posterior aspect of the foot, oblique aspect of the foot].
Results: AOFAS score was significantly different among age groups at 2 months and insignificantly
different at 6 months. AOFAS score was insignificantly different between both sexes.

Conclusions: Percutaneous intramedullary cannulated cancellous screws fixation of base 5th
metatarsal fractures with a cannulated cancellous screw 4mm,6.5mm has a high union rate (100%)
with early mobilization and return to work and daily activity without need to do below knee cast or
slab, so it decreases post cast stiffness rate. It also increases rate of union and healing by doing
compression of the fracture site using the cannulated cancellous screw and keeping hematoma
without evacuation. Using of larger screws in diameter like 6.5 mm to be fit in the medulla, is more
beneficial than 4 mm screws.
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1. INTRODUCTION

Fifth metatarsal base fractures are quite frequent,
occurring at a rate of 6 per 100,000 yearly [1].
Rammelt et al. [2] indicated that it is the most
prevalent mid-foot fracture. Close to 70% of
metatarsal fractures occur in the 5" metatarsal
and 80% of 5" metatarsal fractures occur in the
proximal aspect of the bone [1, 3]. These
fractures are more likely in males in their 3"
decade and females in their 7" decade, having a
higher prevalence among women who have a
low bone mineral density [4]. Jones fractures,
which occur at the metaphyseal-diaphyseal
junction, have a greater rate of non-union and
can require surgery [5, 6].

Jones described a fracture originates laterally in
the distal region of the tuberosity of the 5"
metatarsal and expanding obliquely and
proximally into the medial cortex at the junction
of the metaphysis and diaphysis [7, 8.

Blood supply has a critical role in these fractures
repair. Perfusion is providing from metaphyseal
arteries at the base of the 5" metatarsal. A
nutritional artery originates at the proximal
diaphysis and travels proximally to the
metaphyseal-diaphyseal junction via the so-
called "watershed area [9, 10].

These fractures have been observed to possess
greater rates of non-union until handled non-
operatively than when handled surgically. The
evidence suggests that these fractures should be
treated surgically as soon as possible in high-
performance athletes [11].

Different operative methods were outlined in the
research involving differential pitch screw,
intramedullary screw, percutaneous bi-cortical
screw and tension band wiring. The most
frequently described procedure is fixation with an
intramedullary compression screw, either with or
without bone grafts [3].

However, surgical correction is not without
obstacles and could involve injury to the sural
nerve and peroneus brevis tendon. Recent
research indicates that intramedullary fixation
significantly minimises the risk of non-union and
enables faster union rates and back to daily
activities [6]. The purpose of this research was to
determine the outcomes of surgical treatment of
a recent fracture base of 5" metatarsal in adults’
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zone I, lll by percutaneous intramedullary
cannulated cancellous screws (4 mm and
6.5mm).

2. PATIENTS AND METHODS

This prospective case series research was
included 21 adult participants in the study period
(one year from February 2020 to February 2021)
in the department of orthopedic Surgery in Tanta
University and Mansoura general hospital. aged
from 17-60 years old, both sexes, with recent
trauma and closed base of 5" metatarsal
fractures (Jones fractures zone I, IlI).

Exclusion criteria were immune compromised
patients (Diabetic patient for example), hepatic
comorbidity, pathological fractures, unfit for
surgery, open fractures and smokers.

All cases were subjected to: personal data,
complaints, history taking, examination [general
and local assessment], laboratory study,
methods of radiological assessment [Antero-
posterior and oblique view of the foot]

Pre-operative planning: Instrument use
selection between cannulated screw 4 and 6.5
mm by X-ray scan to measure distance from the
base to the shaft of curvature, the metatarsal
length and canal diameter.

The bone's length was determined. In the AP
and Oblique views, the source of the shaft's
curvature was established. The spacing
between each pair of parallel lines was the
same as the metatarsal canal's maximum
diameter.

Surgical technique: The patient was positioned
supine after application of the tourniquet.
Disinfection and draping measurements were
done. A 1 cm lateral incision was made above
the 5th metatarsal tuberosity. A smooth guide
wire will be inserted into the metatarsal styloid
and advanced along the 5th metatarsal medulla
barrel. On fluoroscopy, the wire will be confirmed
to be in the metatarsal in both the AP and lateral
views. Retraction of the tendon of peroneus
brevis superiorly and a sharp cannulated 2.7 drill
for 4mm screw and 3.2 for 6.5mm screw was
used to make a drill hole in the tip of the
tuberosity and complete through the medulla of
shaft along the guide wire. Insertion of a
cannulated cancellous screw on a washer. Lastly
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closure of sub-cutaneous and skin layers then
dressing plaster and bandage.

Post-operative management: Post-operative
care and follow-up examination were performed
as follow: Distal circulation and neurological
status  were  monitored,  Anti-edematous
measurements and Analgesics, Leg elevation
and early toe exercise were advised. Post-
operative radiographs were done and discharge
of the patient with ambulation on crutches and
non-weight bearing for 2 weeks.

Methods of assessment of the outcomes: All
the patients at the end of the six months, were
assessed both clinically and radiologically.

Clinically the patient was examined for his pain
state, functional abilities, and foot alignment
according to:

Clinical evaluation: Modified AOFAS mid foot
scale [12]: This score assigns a 45 for function,
and 15 for alignment. A score of (90: 100) was
graded as an excellent finding (75: 89) as good
(50: 74) as fair and less than 49 points was
graded as a failure. Scoring items was translated
orally by researcher and according to patient
answer evaluation items was fulfilled by
researcher.

Radiological evaluation: plain x-ray was ordered
for all patients post-operatively and at the fourth,
the sixth week & then at 6 months to compare
union of the bone.

2.1 Statistical Analysis

The data were entered into the computer and
analysed using the IBM SPSS software version
20.0. (IBM Corporation, Armonk, New York).
Qualitative data were described using numbers

and percentages. The Kolmogorov-Smirnov test
was used to determine the normality of the
distribution. Quantitative data were described
using the range (minimum and maximum values),
mean, and standard deviation. The student t-test
is used to compare two groups of normally
distributed quantitative data. The F-test (ANOVA)
is used to compare more than two groups for
normally distributed quantitative variables. Linear
Correlation coefficient (r): It was used for
detection of correlation between two quantitative
variables in one group. A two tailed P value <
0.05 was significant.

3. RESULTS

Time to complete union was significantly change
among age groups P=0.015). Relation between
sex and complete union (healing time) was
insignificantly different. Errorl Not a valid
bookmark self-reference.

In this study 4 & 6.5 cannulated cancellous
screws were used, 6.5 mm screws were used for
15 patients and 4mm screws were used for 6
patients, the study the mean union time using
6.5mm screw was 5.93 weeks with + standard
deviation of + 0.26 while the mean union time
using 4mm screw was 8.33 weeks with *
standard deviation of + 3.83 as shown in Table 2.

Table 3 shows the change in the AOFAS score
of the patients over the four time points. AOFAS
score was significantly different among
age groups at 2 months and insignificantly
different at 6 months. AOFAS score was
insignificantly different between both sexes.
Table 3.

Fig. 1 shows relation between complete union
(healing time) with AOFAS 2 months post-
operative.

Table 1. Time to complete union in different age groups and relation between sex and
complete union (healing time) (n=21)

Age groups Complete union (healing time) (Weeks) P value
Group A
18-30 Years 6.001+0.255 0.015
31-45 Years 6.333+0.756
46-60 Years 7.000£1.000
Sex Male (n = 15) 6.73 £2.58 0.910
Female (h = 6) 6.33+1.03

Data are presented as mean * SD, *: significant P value
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Table 2. Distribution of the studied cases according to size of screw and Relation between size
of screw and complete union (n = 21)

Size of screw

4 mm
6.5 mm

6(28.6%)
15(71.4%)

Complete union (healing time) (weeks) P value
Size of screw 4 (n=6) 8.33+3.83 0.014*
6.5 (n=15) 5.93 + 0.26

Data are presented as mean * SD or frequency (%), *: significant P value
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AOFAS 2 months post-operative

Fig. 1. Relation between complete union (healing time) with AOFAS 2 months post-operative

3. DISCUSSION

The care of a fracture at the base of the 5"
metatarsal is a difficult task for an orthopaedic
surgeon due to the fracture's unusual
vasculature. It was demonstrated that A
watershed zone at the base of the 5" metatarsal
can considerably Ilimit the rate of union,
especially when non-operative therapies are
used. Wang et al. [13], reported that the utilize of
invasive procedures has mainly been favoured
due to their capability to give a strong fixation to
the fractured surfaces while keeping the
retrograde blood flow to the vascular deficient
areas.

Mahajan et al. [14], reported that it is essential to
recognize the anatomy of the 5" metatarsal bone
to manage of zone | and Il fractures. The
tuberosity located on the proximal portion and
provided the attachment point for the peroneus
brevis tendon's wide insertion. The distal part of
the diaphysis is curved.

The management of fracture of 5" metatarsal
varies between conservative and operative
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management. Operative management distributed
between intramedullary fixation and plate fixation.

Shahid et al, Gray et al and Wiener et al. [15],
manage Conservative treatment may include an
elastic dressing and a rigid shoe, a short leg

walking cast, a posterior splint, or a hard
plastic cast shoe with weight bearing as
tolerated.

Clapper et al. [5], also showed 100% union rate
in 7 cases that were handled surgically for Jones
fractures with a mean time of healing of 12.1
weeks. The group treated non-operatively healed
significantly more slowly.

Sokkar and Abdelkafy [16], found a substantial
decrease in the time required to back to sport in
the operative group (7.1 weeks) in comparison to
the non-operative group (8.7 weeks). The
authors suggested that the surgical fixation's
capacity to withstand torsional strain at the
fracture site while enabling equalised load
dispersion may be the primary cause of early
weight bearing and back to sport.
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Table 3. Follow-up measures of patients' fixation and relation between the age, sex and functional end results (n=21)

Variables Follow-up
2 months 4 months 6 months
Post-operative AOFAS score 90.52 £ 3.14 98.0 £ 0.55 100.0 £ 0.0
Functional Age (years) Test of Sig. P value
18 - 30(n =12) 31-45(n=7) 46 — 60(n = 2)
AOFAS 2 months 91.25+1.96 91.29+1.89 83.50 + 4.95 F=11.131* 0.001*
6 months 100.0+0.0 100.0+ 0.0 100.0+0.0 F=0.0 1.000
Sex Test of Sig. P value
Female (n = 6) Male (n = 15)
AOFAS 90.07 + 3.22 91.67 + 2.88 t= 1.058 0.303

*: significant P value
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A study by Neil published in 2018 [17], compared
different methods of proximal 5" metatarsal
jones fracture fixation and discovered that Being
used to cadaver foot specimens with simulated
human fractures subjected to cantilever bending
in a load frame, planter-lateral plating resulted in
a greater number of cycles to failure and peak
failure loads before failure, as well as a smaller
gap width, than intramedullary screw fixing.

Mahajan et al. [14], found that Currently,
Intramedullary fixation is the most frequently
used technique for these fractures, as it travels
through the proximal cortex and rests in the
medullary canal.

The recently reported biomechanical studies by
Husain et al. [18], bicortical screw fixation was
explored as alternative way of treatment for
these fractures. These studies shown positive
outcomes in the treatment of zone | and zone I
fractures with bicortical screw fixation. Bicortical
fixation could provide firmness at the fracture
place, promoting primary bone repair, while also
restraining ligamentous and muscle insertion
tension.

Regarding the type of fracture, the fractures type
in our study were mainly type Ill in 11 patients
(52.4%) while type Il was in 10 patients (47.6%)
who suffered from twisting trauma to the foot
without associated injuries or neurovascular
problems. Distribution of patient with Leumann, A
et al from the 22 patients was Avulsion Jones
fractures: 7, proximal diaphyseal stress fractures:
2 fractures: 13. While it was of the 26 fractures,
17 were traditional zone Il Jones fractures, and
the remaining 9 were zone Il proximal
diaphyseal fractures in the study of Murawski, C.
D.

Cannulated cancellous screws size 4, 6.5 mm
partially serrated were used in our study.
Cannulated cancellous screws size 6.5mm were
used for 14 patients, while 7 patients used 4 mm
size. A clinical and biomechanical research
performed in 2004, by Reese et al. [19],
explained, When cyclic fatigue testing was
performed, screws with a diameter of 6.5mm or
greater outperformed those with a diameter of
less than 4.0mm; titanium was less fatigue
resistant than stainless steel, and cannulated
screws outperformed solid screws of equal
geometry.

From a biomechanical stand point Pietropali et al.

[20], indicated that surgeon's preference for solid
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versus cannulated screws is based on
biomechanical stiffness in 4.5mm cadavers. To
boost the pull-out strength, several studies
propose utilising a longer or larger diameter
screw for intramedullary fixation.

Regarding results, our research revealed 100%
clinical union with low morbidity rate and a mean
of healing time 8 weeks. Leumann, A et al. [21]
followed up their patients 42 months in mean and
range from 12to 68 months). At follow-up, 11
patients had great clinical outcomes, three had
good outcomes, none had fair outcomes, and
none had bad outcomes. In the similar condition,
all individuals would consent the same surgery.
Mindrebo, N et al found the average time
required to resume activity was 5.5 weeks and
ranged from 3 to 10weeks. Back to complete
practise took an average of 7.5 weeks and
ranged from 6 to 12 weeks. The mean time
required to reintroduce oneself to competition
was 8.5 weeks ranged from 7 to 12 weeks. At six
weeks, radiographic proof of union was observed
(range, 5to 7).

Regarding complications, there was no injury of
sural nerve as it was done percutaneous. Only
one patient showed loosening of the screw
during follow up, which was managed by
immobilization using lower knee cast and non-
weigh bearing for 6 weeks. No re-fractures and
zero incidence of screw breakage were observed.
Wright et al. [22], described 6 refractures
occurred after intramedullary repair of proximal
5" metatarsal fractures in athletes, despite
radiographic and clinical union prior to back to
complete activity. They advocated utilising a
screw with a larger diameter for use in athletes
and extending safety with bracing, shoe
modification, or an orthosis. They also
recommended doing alternative imaging to
determine complete healing.

Mologne et al. [23], in a comparative study of
screw fixation vs. casting in the therapy of acute
jones fractures, eighteen cases received cast
care and nineteen had screw fixation. The study
enrolled 35 males and two females. The mean
age of the participants was 25.6 years and
ranged from 18 to 58 years. The average
duration of follow-up was 25.3 months (15-42
months). They discovered that 8 of the 18 (44%)
of patients in the cast group were regarded
treatment failures: 5 were non-union, 1 was
interrupted union, and 2 were refractory. One of
the surgery group's 19 patients was judged a
therapy failure. The median times to union and
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return to sports for the surgery group was 7.5
and 8.0 weeks, respectively. The median times
for the cast group were 14.5 and 15.0 weeks,
respectively.

The strength of points in our study were that
fixation of base fifth metatarsal fractures by
intramedullary cannulated cancellous screws
increase union rate by making a compression on
fracture site, keeping fracture hematoma as it
done percutaneous, and early ambulation two
weeks post-operative, patient can return to
normal walking in 8 weeks.

While weakness of points of our study was only
one case of delayed union but we treated it by
supplements and then the patient showed an
acceptable union degree after. Also, weakness
was shortening of follow up time of patients, so
we couldn’t see if there were other complications
appeared or no.

4. CONCLUSIONS

Percutaneous intramedullary cannulated
cancellous screws fixation of base fifth
metatarsal fractures with a cannulated

cancellous screw 4mm,6.5mm has a high union
rate (100%) with early mobilization and return to
work and daily activity without need to do below
knee cast or slab, so it decreases post cast
stiffness rate. It also increases rate of union and
healing by doing compression of the fracture site
using the cannulated cancellous screw and
keeping hematoma without evacuation. Using of
larger screws in diameter like 6.5 mm to be fit in
the medulla, is more beneficial than 4 mm
screws.
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