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Abstract

Background: Fifth metatarsal base fracture (fifth MBF) and lateral collateral ankle ligament (LCAL) injury are mainly
caused by plantar flexion and inversion of the foot. However, there is no relevant report on the incidence, injury type
and treatment principle of the fifth MBF combined with an LCAL injury.

Materials and methods: We retrospectively analyzed 61 patients with fifth MBF. After admission, patients were given
the symptomatic treatment and underwent standard anteroposterior (AP), 30-degree oblique foot radiographs, ankle
MR and/or ultrasonic examination. The type of surgery varied base on the individual patients (type of fracture with/
without lateral collateral ankle ligament injury).

Results: In 61 patients, there were 39 patients with LCAL injury. Among the 39 patients with LCAL injury, 24 patients
with Grade I-Il injury, 6 patients with Grade lll injury, and 9 patients with avulsion fractures. There was no significant
difference between the patients without LCAL injury and the patients with LCAL injury in terms of age (p=0.67) and
gender (p=0.575). The incidence of fifth MBF with LCAL injury accounted for 63.93% of fifth metatarsal base fracture;
the most common causes of injury included sprains and falls. The average fracture healing time was 8.3 (range, 6-12)
weeks. For fifth MBF with displaced more than 2 mm, hook plate or lag screw was used for fixation; for complete
rupture of LCAL, suture anchor was used to repairing the ligament; for partial LCAL injury, plaster was used for fixation
after surgery; for avulsion fractures, cannulated screw or suture anchor was used for repair. None of the patients had
complications such as delayed union, nonunion, and incision infection.

Conclusion: Early diagnosis and appropriate treatment can obtain good therapeutic results in fifth MBF patients
combined with LCAL injury. Moreover, defining a treatment plan for ligament injury is essential for reducing postop-
erative complications. This study provides a basis for epidemiology, diagnosis, and treatment of fifth MBF with LCAL

injury.
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Introduction

Fifth metatarsal fracture is one of the most common foot
injuries occurring due to trauma or repetitive micros-
tress, with an incidence of approximately 56-68% [1-3],
where approximately 70% of patients present with proxi-
mal fractures. According to Lawrence—Botte classifica-
tion, fractures of the proximal fifth metatarsal are divided
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into zone I (the most common one, tuberosity avulsion
fractures), zone II (Jones’ fracture), and zone III (proxi-
mal shaft stress fractures) [4, 5]. Most fifth metatarsal
base fractures are low-energy injuries caused by plantar
flexion and inversion of the foot [6]. Yet, fifth metatarsal
base fractures may be combined with the lateral collateral
ankle ligament (LCAL), which is composed of the ante-
rior talofibular ligament (ATFL), calcaneofibular liga-
ment (CFL), and posterior talofibular ligament (PTFL).
In case LCAL injury without properly diagnosed, it may
lead to chronic ankle instability, talar cartilage injury, and
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ankle traumatic arthritis [7-9]. Thus, the accurate diag-
nosis of lateral collateral ankle ligament in patients with a
fifth metatarsal fracture is extremely important.

At present, there is a lack of studies on the incidence,
injury types, and treatment methods of fifth MBF with an
LCAL injury. In this study, we explored the incidence of
fifth MBF with LCAL injury so as to explore the injury
types and treatment principles.

Materials and methods
Patients
This retrospective study analyzed 61 patients (61 feet)
with fifth MBF treated in our department from January
2017 to June 2019. There were 40 male patients and 21
female patients; their average age was 44 (range, 20—69)
years; there were 34 patients with injuries on the left
side and 27 patients with injuries on the right side; there
were 28 sprains, 25 falls, 6 car accidents, and 2 slips and
falls. Inclusion criteria were given as follows: patients
older than 18 years with a fresh fifth metatarsal base
fracture. All the patients have gone through standard
standing anteroposterior (AP), 30-degree oblique foot
radiographs, ankle MR and/or ultrasonic examination.
Exclusion criteria were given as follows: patients with
fracture of other parts of the foot, orold ankle ligament
injury, or open fracture, or nerve and blood vessel injury.

Post-admission treatment

After admission, patients were given the symptomatic
treatment of the elevation of the affected limb and the
relief of swelling and pain. They also underwent AP,
oblique foot radiographs, ankle MR and/or ultrasonic
examination. The average time from injury to surgery
was 3.6 (range, 2—8) days. Among 61 patients, there were
4 patients of fiftth MBF with undisplacement; 39 patients
with LCAL injury, including 24 patients with Grade I-II
LCAL injuries, 3 patients with ATFL injury (rupture at
lateral malleolus), 1 case with CFL injury (rupture at cal-
caneus), 2 patients with ATFL 4 CFL injuries (rupture at
lateral malleolus); 8 patients with a lateral malleolus avul-
sion fracture and 1 case with talus avulsion fracture; 22
patients without LCAL injury. According to Lawrence
classification, all fractures were classified as zone I frac-
ture [5], and LCAL injuries were classified into Grade I
injury: partial tear of a ligament; Grade II injury: incom-
plete tear of a ligament, with moderate functional impair-
ment; Grade III injury: complete tear and loss of integrity
of a ligament [10].

Nonoperative treatment

4 patients with undisplaced (displace less than 2 mm)
of the fifth MBF which showed no LCAL injury on
ankle by MR and/or ultrasonic examination were used
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nonoperative treatment. The plaster or brace was used
for fixation for 4 weeks, functional exercise and partial
weight-bearing were taken after those 4 weeks, and nor-
mal life was restored after 3 months.

Operative treatment

After successful epidural anesthesia, the patient was
placed in the supine position and pressurized with a
pneumatic tourniquet. Different surgeries were used for
different types of fractures.

Fifth metatarsal base fracture

For the fifth MBF with displacement more than 2 mm
and involving more than 30% of the fifth metatarsal base-
cuboid joint adopted operative intervention. A longitu-
dinal skin incision was made plantar lateral to the fifth
MBE, and the skin and subcutaneous soft tissue were
cut in turn. Meanwhile, we paid special attention to pro-
tect the sural nerve. Then, the fracture site was exposed,
and hematoma and soft tissue at the fracture end were
removed to show the attachment point of the roneus bre-
vis at the proximal fracture block. Afterward, towel clip
were used to reduce fracture, the assistant kept the foot
in abduction position, and "C" arm was used to confirm
that the fracture site was aligned well, and the joint sur-
face was flat. Eventually, a hook plate (Double Medical,
Xiamen, The People’s Republic of China) or lag screw was
used to fix the fracture (Fig. 1).

Lateral malleolus avulsion fracture

A straight incision was made at the tip of the lateral
malleolus, and the skin and subcutaneous tissue were cut
in turn to expose the fracture end. Then towel forceps
were used to reduce fracture, "C" arm was used to con-
firm the anatomical reduction of the fracture. Eventually,
cannulated screw guide pins were driven in, and one to
two cannulated screws (DePuy Synthes, West Chester,
USA) were used for fixation (Fig. 1).

Ligament repair

Ligament repair was made for patients with complete
ligament rupture (Grade III injury) showed by preop-
erative MRI and/or ultrasonic examination; the anterior
drawer test and inversion test stress radiographs of the
affected ankle side were performed under the "C" arm for
preoperative MRI and/or ultrasonic examination showed
Grade I-II injury and compared with the healthy side,
a significant difference between the two sides was posi-
tive [11], ligament exploration was necessary for those
patients. For patients with Grade I-II injury whose
result of the anterior drawer and inversion stress radio-
graphs was negative, the fiftth MBF was treated with open
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Fig. 1 A Ankle anteroposterior /lateral radiographs showed avulsion fracture at the tip of lateral malleolus, arrow showed lateral malleolus fracture.
B, C Preoperative foot anteroposterior/oblique radiographs showed displaced-fifth metatarsal base fracture, arrow showed fifth metatarsal base
fracture. D Preoperative CT showed lateral malleolus avulsion fracture block and fifth metatarsal base fracture, arrow showed lateral malleolus
fracture. E, F Postoperative ankle radiographs showed that lateral malleolus avulsion fracture was fixed with a cannulated screw. G, H Postoperative
foot radiographs showed that the fifth metatarsal base fracture was fixed with a hook plate, and the fracture was anatomically reduced

reduction and internal fixation and plaster fixation after
the surgery.

For patients with Grade III ligament injury and whose
results of the anterior drawer and inversion stress radi-
ographs was positive, a lateral malleolus arc incision
was made, and the skin, subcutaneous tissue, and fascia
were cut to expose anterior talofibular ligament (ATFL)
and calcaneofibular ligament (CFL), the ligament was
repaired with 3.0 mm suture anchor (Arthrex, Naples,
USA).

For patients with avulsion fractures whose fracture
block was too small to be fixed, the fracture block was
taken out during surgery. The ligament was repaired with
a 3.0 mm suture anchor (Arthrex, Naples, USA), and the
anterior drawer and inversion stress radiographs of the
affected ankle side were examined again to confirm that
the results of the anterior drawer test and inversion test
were negative (Fig. 2).

Postoperative treatment
No additional fixation was needed for patients without
LCAL injury after the surgery. However, for those with

LCAL injury, the short leg plaster or brace was used for
fixation for 3 weeks. Briefly, toes were actively flexed
and stretched, and the wound was sutured 14 days after
the surgery. After 2 weeks, the plaster was removed,
and the ankle dorsiflexion was practiced. After 6 weeks,
the weight was partially loaded, and after 12 weeks, the
weight was completely loaded.

Assessment indicators

The fracture healing was assessed in line with the imag-
ing examination during follow-up. X-ray film showed
that the fracture line was blurred, and there was continu-
ous callus passing through the fracture line, which was
assessed as fracture healing.

When the internal fixation was taken out (at the last
follow-up), the ankle function was assessed, and the
ultrasonic or MRI ankle examination was carried out to
observe the recovery of LCAL injury.

Ankle-Hindfoot Rating System developed by American
Orthopaedic Foot and Ankle Society (AOFAS) was used
to assess ankle function [12]. The rating includes pain (40
points), function (50 points), and alignment (10 points).
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Fig.2 A, B Preoperative foot radiographs showed displaced-fifth metatarsal base fracture, arrow showed fifth metatarsal base fracture. C,

D Preoperative ultrasonic examination showed partial injuries of anterior talofibular ligament and calcaneofibular ligament. E Intraoperative
exploration showed calcaneofibular ligament completely rupture, but anterior talofibular ligament continuously exists with acceptable tension,
arrow showed calcaneofibular ligament. F, G Postoperative foot radiographs showed that the fifth metatarsal base fracture was fixed with a hook
plate, and the fracture was anatomically reduced

The total score was 100 points, of which the 90-100
points indicated excellent results, 75-89 points good

results, 50—74 points fair results, and <50 poor results
[12].

Statistical analysis

SPSS software (Version 23.0, SPSS Inc, Chicago, IL,
USA) was used for statistical analysis. T-test was used for
counting data, which were expressed by mean + standard
deviation (X £ SD). The Chi-square test was used for clas-
sification data, which was expressed by the ratio (%). A
p<0.05 was considered statistically significant. G*Power
(Version 3.1.9.6) was used for different statistical tests.

Results

Patient data

A total of 61 patients with fifth MBF were enrolled,
including 22 patients without LCAL injury and 39

patients with LCAL injury. There was no significant dif-
ference between the patients without LCAL injury and
the patients with LCAL injury in terms of age (p=0.67,
Table 1) and gender (p=0.575, Table 1). There were 39
patients with LCAL injury, including 24 patients with
partial ligament injury (Grade I, II injuries), 6 patients
with ATFL and CFL injuries (Grade III injury), and 9
patients with avulsion fractures in different parts (8
patients with lateral malleolus avulsion fracture, and 1
talus avulsion fracture). Among the three types of inju-
ries, the incidence of partial ligament injury was the
highest (61.54%, Table 2), followed by avulsion fracture
(23.08%, Table 2). Although there was a higher incidence
of male patients with Grade III injury, there was no sig-
nificant difference in gender and age statistics among the
three groups.
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Table 1 Descriptive data of 61 patients with fifth metatarsal base avulsion fracture

Injury type Number of feet (%) Gender (%) Age (years)
Male Female

Without LCAL injury 22 (36.07%) 13 (59.09%) 9 (40.91%) 4541258

LCAL injury (Grade I-lll injury and avul- 39 (63.93%) 27 (69.23%) 12 (30.77%) 43464+14.22

sion fracture)

tvalue 042

p value - 0.575 0.67

LCAL, lateral collateral ankle ligament. Grade I injury, partial tear of a ligament. Grade Il, incomplete tear of a ligament, with moderate functional impairment. Grade llI,

complete tear and loss of integrity of a ligament

Table 2 Descriptive data of 39 Patients with Fifth Metatarsal Base Fracture with LCAL Injury

Injury type Number of feet (%) Gender (%) Age (years)
Male Female
Partial LCAL injury (Grade |, Il mjury)' 24 (61.54%) 15 (62.5%) 9 (37.5%) 4375+154
Grade lll mjury2 6 (15.38%) 6 (100%) 0 (0%) 39.334+12.06
With avulsion fracture? 9 (23.08%) 6 (66.67%) 3(33.33%) 4544+13.06
p value - 0.091° 0.52°
0.579° 0.38°
0.185¢ 0.77¢

LCAL, lateral collateral ankle ligament. Grade | injury, partial tear of a ligament. Grade Il, incomplete tear of a ligament, with moderate functional impairment. Grade Ill,

complete tear and loss of integrity of a ligament

2 p value between Partial LCAL injury and Grade Il injury

b p value between Partial LCAL injury and with avulsion fracture
¢ p value between Grade Il injury and with avulsion fracture

Post-treatment assessment

The average follow-up time of all patients was
16.8 months (range, 13-24 months) (follow-up in the
first 3 months, once a month; follow-up in the late once
every 3 months). During the follow-up, we assessed
surgery-related complications (limited ankle movement,
traumatic arthritis, and lateral ankle instability), AOFAS
Ankle-Hindfoot Rating, and fracture healing. No inci-
sion infection, loss of fracture reduction or nonunion
occurred after the surgery in patients with various types
of injuries during the follow-up. The average time of frac-
ture healing was 8.3 (range, 6—12) weeks. At the last fol-
low-up, AOFAS Ankle-Hindfoot Rating was carried out,
and the ratings of patients with various types of injuries
were more than 84 points (Table 3).

Discussion

Epidemiological characteristics of patients with fifth MBF
combined with LCAL injury

fiftth MBF is one of the most common foot injuries. Kane
et al. noted that zone I fracture accounts for 51% of fifth
metatarsal base fractures [4]. However, so far, no study
has reported on the incidence of fifth MBF combined
with LCAL injury. According to this study, the incidence

of fifth MBF combined with LCAL injury accounted for
63.93% of all fifth metatarsal base fracture, with an aver-
age age of 43 (range, 20—69) years. Moreover, there was
no significant difference between the patients without
LCAL injury and the patients with LCAL injury in terms
of age (p=0.67, Table 1) and gender (p=0.575, Table 1).

As for ankle sprains, ATFL is the most vulnerable liga-
ment in the ankle, followed by CFL and PTFL [13, 14].
Evulsion fracture after an ankle sprain generally indicates
that at least one LCAL is injured [15, 16], while a fifth
MBF with avulsion fracture suggests an LCAL injury. In
this study, we found no significant difference in age and
gender between partial ligament injury (Grade I and II
injuries), complete ligament rupture (Grade III injury),
and avulsion fracture (lateral malleolus and talus). In
terms of incidence, fiftth MBF with Grade I and II LCAL
injuries was the most common (61.54%, Table 2), fol-
lowed by avulsion fracture with an incidence of 23.08%
(Table 2), and finally Grade III ligament injury with an
incidence of 15.38% (Table 2).

Injury mechanism of fifth MBF combined with LCAL injury
The injury mechanism of the fifth metatarsal base avul-
sion fracture mainly caused by forces by the peroneus
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Table 3 Post-treatment assessment of 61 Patients with Fifth Metatarsal Base Fracture
Injury type Fracture healing time AOFAS rating Related
(weeks) complications
Excellent Good Fair Poor
Without LCAL injury 82+06 19 3 0 0 None
Partial LCAL injury (Grade |, Il 85+14 19 5 0 0 None
injuries)
Grade Il injury 83+09 5 1 0 0 None
With avulsion fracture 86+12 7 2 0 0 None
p value 0.7018 0.702°
0.673° 10
0.09° 0613¢
0.983¢ 19
0.19¢ 1€
027" 1

LCAL, lateral collateral ankle ligament. Grade | injury, partial tear of a ligament. Grade Il injury, incomplete tear of a ligament, with moderate functional impairment.
Grade Il injury, complete tear and loss of integrity of a ligament. AOFAS, American Orthopaedic Foot and Ankle Society

2 p value between Without LCAL injury and Partial LCAL injury

b p value between Without LCAL injury and Grade Ill injury

¢ p value between Without LCAL injury and with avulsion fracture
9 p value between Partial LCAL injury and Grade Ill injury

€ p value between Partial LCAL injury and with avulsion fracture
fp value between Grade Ill injury and with avulsion fracture

brevis tendon or the lateral band of the plantar fascia
during foot inversion [17]. Currently, it still remains con-
troversial, which are the main injured tendons. DeVries
et al. conducted cadaveric experiments and discov-
ered that the fracture in the proximal area A of the fifth
metatarsal was caused by the lateral band of the plantar
aponeurosis, while the fracture in the area B and C was
caused by the short peroneal [18]. Moreover, Richli et al.
attributed the fifth MBF to the lateral band of the plantar
aponeurosis [19]. Yet, the specific mechanism leading to
fifth MBF and LCAL injury is still unclear, which may be
related to the ankle and foot position at the time of injury,
the anatomical characteristics at the ligament attachment
point, and the degree of ligament tension [18].

Treatment of the fifth MBF combined with LCAL injury

According to Lawrence-Botte classification, fractures
of the proximal fifth metatarsal are divided into zone I
(base avulsion fracture), zone II (Jones’ fracture), and
zone III (proximal diaphyseal fracture) [5]. For fifth
MBF without displacement, good therapeutic results
can be achieved by conservative treatment [20]. The
accepted treatment method for the fifth MBF with dis-
placement more than 2 mm and involving more than
30% of the fifth metatarsal base-cuboid joint is opera-
tive intervention [21, 22]. In this study, an LCAL injury
needed to be actively confirmed before surgery. In case
of an LCAL injury confirmed, the following strategy
was applied: 1. ligament exploration during fracture
surgery was suggested to be made in the case of the

following circumstances: (1) a complete ligament rup-
ture was confirmed before the surgery, or if the anterior
drawer test and inversion test were positive after anes-
thesia; (2) there was an avulsion fracture of parts such
as lateral malleolus and talus; (3) the patient was young,
with high demand for sports. 2. Fixation was suggested
to be made after the surgery of LCAL injury, and func-
tional exercise was simultaneously delayed. After this,
postoperative treatment plan was applied, the aver-
age follow-up time was 16.8 months, and no obvious
related complications such as lateral ankle instability,
pain, and nonunion of fracture were found.

This study has a few limitations. This is a retrospective
study with small sample size (power 0.87). In addition,
a specific mechanism leading to fifth MBF and LCAL
injury was not examined.

To sum up, in this study, we discovered a relatively high
incidence of fifth MBF combined with LCAL injury. The
confirmation of an LCAL injury is important for for-
mulating treatment plans, and postoperative functional
exercises. No additional ligament surgery exploration is
recommended for fiftth MBF with Grade I and II LCAL
injuries; however, additional ligament exploration is rec-
ommended for fifth MBF with Grade III LCAL injury or
avulsion fracture.

Abbreviations

fifth MBF: Fifth metatarsal base fracture; LCAL: Lateral collateral ankle ligament;
ATFL: Anterior talofibular ligament; CFL: Calcaneofibular ligament; PTFL:
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Society; AP: Anteroposterior.
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