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Abstract

Background: Nonunion is a rare complication for distal fibular fractures. However, when there is a high degfee of
comminution, nonunion may occur. In this article, we describe a novel technique that uses the oblong hole|of a
locking plate to lengthen the fibula for fracture reduction. This technique is straightforward and allows for easy
control of the comminuted fracture to restore length and rotation at the time of plate application without opgning
the fracture site.

Methods: Thirty-five consecutive patients, who were treated with the minimally invasive plate osteosynthesis
(MIPO) technique for comminuted distal fibular fractures were retrospectively studied. The study included 19 men
and 16 women, with a mean age of 47.0 years (range, 20 to 72). There were 3 lateral malleolar fractures with

deltoid injury, 11 bimalleolar fractures, 7 trimalleolar fractures, and 14 distal tibiofibular fractures. The qualify of

clear space) between the affected ankle and the contralateral uninjured ankle.

Results:Two patients were not reachable and 5 declined to visit the clinic. For these 7 patients, the latest
outcomes that were measured prospectively were used. Postoperative radiographs showed well-aligned ankle

months (range, 12 to 58). There was one case of nonunion and one case of superficial peroneal nerve injuty.

Conclusion: The MIPO technique, using the oblong hole of a locking plate, achieved satisfactory restoration of
length and rotation, bone union, and clinical outcomes for the comminuted distal fibular fractures.
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Background cancellous portion of the distal fibula, where it is ad-
Ankle fractures are commonly treated by orthopedic equately vascularized by numerous, randomly distrib-
surgeons, and clinical results for open reduction anduted, metaphyseal arteries that supply that region of
internal fixation (ORIF) of unstable fractures are gen-the bone. When it occurs more proximally, it is well
erally good [l-7]. Nonunion is a rare complication, surrounded by the peroneus brevis muscle to enhance
because the fracture frequently occurs in thehealing. Malrotation and shortening can be more
problematic than nonunion. A malunited fracture
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fracture reduction was assessed by comparing the radiologic parameters (fibular length, talocrural angle, apd medial

mortise, with fibular length restoration. The mean Olerud-Molander ankle score was 82.1 + 10.7 at a mean|of 27.2
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technique, which helps to achieve an anatomic reduc-Materials and methods
tion through direct visualization, compared to the Subjects
minimally invasive techmjue, which can sometimes Thirty-five consecutive patients, who were treated with
result in improper reduction by closed methodsl]]. the minimally invasive plate osteosynthesis (MIPO) tech-
Furthermore, the open technique is much straightfor- nique for comminuted distal fibular fractures between
ward compared to the minimally invasive technique. May 2014 and June 2018, were retrospectively studied.
However, when there is a high degree of commin- Institutional review board approval was obtained, as well
ution or when the fracture is opened, nonunion may as informed consent from all patients. Indications for
occur (Fig.1). Standard open approach that violatesthe MIPO surgery were distal fibular fractures with com-
soft tissue attachments might jeopardize the viability minution or with extensive soft-tissue injury over the
of the comminuted fracture fragments?, 12-14]. Oc- fracture. Weber C ankle fractures with comminution,
casionally, it is difficult to achieve anatomic reduc- and distal tibiofibular fractures with comminution on
tion, even with the open technique, when the fracture the fibula, were indicated for the current technique.
is highly comminuted [L5]. Fractures with poor skin Contraindications included Weber A and B fractures,
condition may result in wound problems and infec- which could be treated with the standard ORIF. Open
tion as a result of using the standard ORIF. Minim- fractures that required wound debridement were also ex-
ally invasive techniques are being used in fracturesluded. Patientsage, sex, mechanism of injury, concur-
around the ankle 16-18]. rent injuries, and comorbidities did not constitute
In this article, we describe a novel technique that factors for inclusion or exclusion. The study included 19
uses the oblong hole of a locking plate to lengthenmen and 16 women, with a mean age of 47.0 years
the fibula for fracture reduction. This technique is (range, 20 to 72). There were 3 lateral malleolar frac-
straightforward and allows for easy control of the tures with deltoid injury, 11 bimalleolar fractures, 7 tri-
comminuted fracture to restoe length and rotation at malleolar fractures, and 14 distal tibiofibular fractures.
the time of plate application without opening the According to the Lauge-Hansen classification19],
fracture site. among 21 ankle fractures, 14 cases were pronation-

Fig. 1 A nonunion is shown after open reduction and internal fixation of a comminuted distal fibular fracture
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external rotation fractures and 7 cases were pronationcompressed (Fig2d, 3c). As the drill sleeve was locked

abduction fractures. on the plate, and the plate was fixed to the distal frag-
ment, the distal fragment could be pushed downward
Operative techniques and the fracture distracted when the bone holding clamp

Under general or spinal anesthesia, the patient wasvas compressed (Fig&d, 3c). Another drill sleeve was
placed in a supine position with a thigh tourniquet. Ra- locked at the distal locking hole to hold the plate and
diographs of the contralateral uninjured ankle were adjust to the longitudinal axis of the proximal fragment.
taken with the C-arm image intensifier and saved for A bone hook was introduced to align the distal frag-
later use as a reference for anatomic reduction of thement, and a reduction clamp was placed on the distal
fracture. In patients with bimalleolar or trimalleolar end of the fibula to restore rotation (Fig2e, f). The
fractures, the medial malleak was first stabilized to amount of distraction was determined by comparing a
allow for comparison with the contralateral uninjured fluoroscopic image of the affected ankle to that of the
ankle, since symmetry of the clear spaces and othecontralateral uninjured ankle based on both the talo-
radiologic parameters cannot be assessed without anaerural angles, a perfectly equidistant and parallel joint
tomic reduction of the medial malleolus. In patients space, and the contour of the lateral part of the articular
with distal tibiofibular fractures, who were to be treated talus surface that continues as an unbroken curve to the
with MIPO for both the tibia and fibula, the tibia was distal fibular recess (Fig4). The elongated hole of the
fixed first, due to increased difficulty in reduction of metaphyseal LCP 3.5 (Synthes, Solothurn, Switzerland)
the tibia using closed reduction methods after fibular was approximately 8 mm and this was the largest
fixation. The correct length of a locking compression amount of distraction that was possible using the hole.
plate (LCP), namely, metaphyseal plate 3.5 (Synthesjowever, additional 5 mm of distraction was possible
Solothurn, Switzerland), was chosen under C-armusing another combi-hole of the plate.
image intensifier. A small longitudinal incision was When anatomic reduction with the correct fibular
made over the lateral malleolus, distal to the commi- length was achieved, screws were inserted through the
nuted fracture. The metaphyseal end of the LCP meta-holes while the fibular lenth was maintained with the
physeal plate, which is thinner than the opposite end,clamp. Next, the clamp and drill sleeve were removed
was introduced through the incision and advanced so that other screws could be inserted (Figd). A lock-
proximally over the periosteum and under the skin ing plate with different manufacturers could also be
without removing any fragments (Figa, 3a). On the used when the plate had an oblong hole or figure-8
metaphyseal end of this plate, the third hole is an elon-hole so that the screw could move longitudinally inside
gated combi-hole. The plate was advanced proximallythe hole for fibular lengthening. For trimalleolar frac-
until the distal portion of the elongated hole was posi- tures, reduction of the distal fibular fracture may indir-
tioned about 1 cm proximal to the fracture. ectly reduce the posterior malleolar fragment by
A second longitudinal incision was made proximal to ligamentotaxis, thus eliminating the need for extensive
the fracture, and the plate was visualized in the proximalexposure and increased soft tissue dissecti@®][ Per-
incision. Great care was taken not to injure the superfi- cutaneous screw fixation was performed as described
cial peroneal nerveT]. The plate was adjusted so that by Lee et al. 20]. Postoperatively, the patients were re-
the most distal hole and the elongated hole could bestricted from weight-bearig for 6 weeks in a posterior
place on the center of the fibula (Fig2b). One cortical splint. When a syndesmotic screw was fixed for syndes-
screw was introduced in the most distal hole of the plate motic injury, weight-bearing was delayed for 8 to 10
and inserted into the center of the distal fibula to fix the weeks. For distal tibiofibular fractures without syndes-
plate to the bone (Fig2b). However, the positioning or motic injury, reduction of the tibia usually reduced the
the fixation of this screw was done in a manner to allow length of the fibular that did not require fibular length-
for movement of the distal fibula during posterior frac- ening. However, using the oblong hole of a locking
ture reduction. Another long cortical screw was inserted plate and the present technique allowed for easy con-
into the center of the proximal fragment through the trol of the comminuted fibular fracture to restore
elongated hole as distally as possible, but not completelyength and rotation at the time of plate application
against the plate (Figs2b, 3b). A threaded LCP drill without opening the fracture site. In cases when frac-
sleeve was locked at the second proximal locking holeure gap had to be closed, it could be achieved by dis-
(Figs.2c, 3b). A bone holding clamp was used to grad- tracting the drill sleeve locked at the second proximal
ually compress the cortical screw and drill sleeve. Onelocking hole proximally from the cortical screw
arm of the clamp held the cortical screw, which was inserted through the oblong hole using a small laminar
connected to the proximal fragment, and the other arm spreader or a Gelpi retractor. Bone hook could be used
pulled down the drill sleeve when the clamp was to realign the displaced fibula (Fige, f).



Parket al. Journal of Orthopaedic Surgery and Research(2021) 16:281 Page 4 of 8

Fig. 2 A locking plate with an elongated oblong hole was introduced through a small inc&io@rfe cortical screw was introduced in the
most distal hole of the plate and inserted into the center of the distal fibula. Another long cortical screw was inserted into the center gf the
proximal fragment through the elongated hole as distally as possible, but not completely against the faté\(threaded LCP drill sleeve was
locked at the second locking hole. A bone holding clamp was used to compress the cortical screw and drill stpe@a¢ arm of the clamp
(Y) held the cortical screw and the other arm (X) pulled down the drill sleeve when the clamp was compressed (white arrow). As the dfrill sleeve
was locked on the plate, and the plate was fixed to the distal fragment, the distal fragment could be pushed downward (black arrow) and the

fracture distracted (dotted arrow) when the bone holding clamp was compregsedinother drill sleeve was locked at the distal locking hole
to hold the plate and adjust to the longitudinal axis of the proximal fragment. A bone hook was introduced to align the distal fragment, and a
reduction clamp was placed on the distal end of the fibula to restore rotatjdh {Vhen anatomic reduction with the correct fibular length was

achieved, screws were inserted through the holewhile the fibular length was maintained with the clamp

Postoperative assessment measured by a single orthopedic surgeon blinded to the
The quality of fracture reduction was assessed by comstudy details. Fracture union was decided when simple
paring the radiologic parameters (fibular length, talo- radiographs showed at least three of the four cortices
crural angle, and medial clear space) between théridged by visible callus and on clinical aspects, such as
affected ankle and the contralateral uninjured ankle resolution of pain on the fracture site. Clinical outcome
[21, 22]. Fibular length was defined as the distance fromscores were assessed with the Olerud-Molander scores
the distal fibular tip to the distal tibial articular line. (OMS) [23]. The 100-point 9-category OMS is a vali-
The talocrural angle consists of the angle between thedated scoring system that includes aspects of outcome
distal tibial articular line and the line connecting the that are considered useful: pain, stiffness, swelling, stair
tips of the distal fibula and medial malleolus. The med- climbing, running, jumping, squatting, use of supports
ial clear space consists of the distance between thand ability to work, and activities of daily living23].
medial border of the talus and the lateral border of the Patients were followed up for a minimum of 1 year at
medial malleolus on a line parallel, and 5 mm below, regular intervals and were invited for a final follow-up
the talar dome (Fig5). The radiologic parameters were office visit for the study.
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