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Abstract
Introduction: Ankle fractures are a common orthopaedic injury that often require surgical fixation. Because the comorbid pop-
ulation in the United States continues to survive longer, it has become routine to treat comorbid patients with unstable ankle fractures.
The literature has identified comorbidities known to increase the risk of ankle fracture complications to include age 55 years or older,
body mass index .29.9, polytrauma, open fractures, diabetes mellitus, smoking, peripheral neuropathy, and alcohol use.

Methods: We retrospectively reviewed 37 patients who received retrograde intramedullary screw fixation of the distal fibula, all of
whom had preexisting conditions known to increase the rate of postoperative complications.

Results: Thirty-seven patients were included in this study, of whom 36 (97.3%) went on to union. Six of 37 patients (16.2%) had
complications although only one (2.7%) was due to inadequate fixation. The average time to weight-bearing as tolerated was 57.2
days (15–115 days). Two patients (5.4%) had symptomatic instrumentation requiring removal after union. Two patients (5.4%) had
delayed union of the distal fibula, which responded to the use of a bone stimulator. One patient (2.7%) developed a nonunionwhich led
to chronic subluxation of the ankle joint. One patient (2.7%) had a minor medial ankle wound complication that was treated with oral
antibiotics and local wound care.

Conclusions: Retrograde intramedullary screw fixation of the distal fibula is a viable alternative to plate and screw fixation in
patients with unstable ankle fractures who have known risk factors for increased complications. However, not all distal fibula fractures
are amenable to this fixation method.

Level of Evidence: Level III retrospective cohort study.
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1. Introduction

Distal fibula fractures are a common orthopaedic injury occurring
in conjunctionwith distal tibia pilon fractures (AO4F3) or as a part
of malleolar injuries (AO 44).[1] While retrograde intramedullary
nail and screw fixation methods have been explored historically,
current gold standard fixation includes open reduction internal
fixation (ORIF) with plate osteosynthesis in either a lateral or
posterolateral position.[2–7] However, owing to the subcutaneous
nature of the distal fibula, wound healing[8,9] and symptomatic
implants[6,9] are known risks for patients treated with ORIF. Plate

fixation may not be ideal in patients at risk for soft tissue
compromise and, when performed in patients with risk factors,
can have devastating results.[11,12] Identified risk factors include
open/high-energy fractures, patients with diabetes, patients with
peripheral neuropathy, patients with a body mass index (BMI) of
$30, patients who smoke, and elderly patients.[6,8–17] There has
been renewed interest in investigating alternative methods of
fixation for distal fibula fractures in patients prone to postoperative
complications.

The main purpose of this study was to assess the rates of union
and complications in at-risk patients with distal fibula fractures.
The secondary aim was to describe the technique for a method of
fixationwhichminimizes soft tissue damage.We hypothesize that
a minimally invasive approach to lateral malleolar fracture
fixation will result in reduced complications, in those with risk
factors, as compared with the rates documented in the literature
for ORIF, while still leading to acceptable union rates of the
fibular fracture.

2. Methods

After Institutional Review Board approval, we retrospectively
reviewed all cases related to distal fibular fixation performed by 2
trauma fellowship-trained orthopaedic surgeons at a level 1
trauma center over a 5-year period (2012–2017). Current
Procedural Terminology codes were used to identify 586 patients
who underwent distal fibula fixation. Medical records and
radiographs for these patients were reviewed to identify all cases

The authors report no conflicts of interest.
aDepartment of Orthopaedic Surgery, Inspira Health, Vineland, NJ; bDepartment of
Orthopaedic Surgery, Emory at Lagrange, Lagrange, GA; cLongview Orthopaedic
Center, LLC, Leominster, MA; and dDelaware Orthopaedic Specialists, Newark, DE.

*Corresponding author. Address: Mohamed F. Albana, DO, Department of
Orthopaedic Surgery, Inspira Health, 152 Meridian Lane, Sewell, NJ 08080. E-mail
address: albanam@ihn.org.

Copyright © 2022 The Authors. Published byWolters Kluwer Health, Inc. on behalf of
the Orthopaedic Trauma Association.
This is an open access article distributed under the terms of the Creative Commons
Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work
cannot be changed in any way or used commercially without permission from the
journal.

OTAI (2022) e216

Received: 6 December 2021 / Accepted: 18 June 2022
Published online 13 October 2022

http://dx.doi.org/10.1097/OI9.0000000000000216

1

mailto:albanam@ihn.org
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1097/OI9.0000000000000216


where retrograde intramedullary screw fixation (RIMSF) was
used for lateral malleolus fractures as part of a malleolar injury or
in conjunction with a distal tibia pilon fracture. For consistency,
the fractures were classified by a single fellowship-trained trauma
surgeon using the Arbeitsgemeinschaft für Osteosynthesefragen/
Orthopaedic Trauma Association (AO/OTA) classification sys-
tem.[1] Inclusion criteria consisted of patients aged 18 years or
older having sustained a lateral malleolus fracture repaired with
RIMSF in the setting of an AO 43 or AO 44 fracture.[1] Only
patients with compromised soft tissue envelope at the ankle, and/
or poor biology, received RIMSF for their lateral malleolus
fracture. Thus, our series represents those patients at the highest
risk for wound complications after open reduction internal
fixation (ORIF) of their lateral malleolus.

All but 4 patients in our series had 2 ormore known risk factors
for wound complications after ankle ORIF. The risk factors
considered include age 55 years or older; BMI of $30; open
fractures/polytrauma as defined by an ipsilateral or contralateral
lower-extremity fracture, pelvic or acetabular fracture, or any
upper-extremity fracture; active smoker; diabetes mellitus;
peripheral neuropathy; and alcohol abuse because these de-
mographics have been proven to increase the risk of wound
complications in the literature.[8,9,18–21] The 4 patients in the
serieswith only one risk factor demonstrated such a compromised
soft tissue envelope, either from the initial trauma or the need for
simultaneous surgical approaches, that the senior authors elected
to forgo an open incision because the risk of wound compromise
was too high. All patients with lateral malleolar fractures and 2 or
more of the above-listed risk factors were treated with RIMSF.

Distal fibular shaft fractures that originate above the level of the
syndesmosis[4] with an intact syndesmosis were excluded. Syndes-
motic stability was evaluated intraoperatively with either a cotton
test or external rotation stress test on fluoroscopic AP and mortise
projections.[22] Other exclusion criteria include the absence of risk
factors in those treated with RIMSF, use of a plate and screw
fixation, and nonoperative management. Forty-eight patients with
RIMSF of the distal fibula were identified. Three patients were
excluded because of distal fibular fracture originating above the
syndesmosis without involving the mortise nor syndesmosis, and 8
patients were excluded for follow-up less than 30 days, resulting in

37 patients treatedwithRIMSF. Successful treatmentwas based on
painless weight-bearing at final follow-up evaluation.

2.1. Technique

The patient is positioned supine on a radiolucent table. A
tourniquet is applied to the upper thigh but typically not
inflated. Fluoroscopy is available intraoperatively and posi-
tioned on the contralateral side of the operating table. A 1-cm
longitudinal incision is made, 1 cm distal to the tip of the fibula.
A hemostat is used to spread through the subcutaneous tissue
and probe the distal tip of the fibula. An indirect reduction is
obtained by either pushing on the posterolateral aspect of the
distal fibula or manipulating the foot. If needed, a small
incision can be made at the fracture site, allowing direct
manipulation of the fracture with a hemostat, bone reduction
forceps, Kirschner wire, or freer. Optimal starting point is just
anterior to the peroneal tubercle on lateral projection and
lateral to the peroneal groove on the AP mortise (Fig. 1). This
starting point can be adjusted according to the patient’s
inherent anatomy and intent of reduction. For example, in a
supination–adduction injury pattern, starting slightly more
medially on the AP mortise view will allow for lateral
translation, thereby aiding in fracture reduction. A soft tissue
protector and a 2.5 mm3 180 mm drill bit are used to establish
the starting point, and the drill is oscillated across the reduced
fracture. The drill bit is removed, and a 3.5 mm 3 150 mm
stainless steel cortical pelvic screw (DePuy Synthes, Paoli, PA)
is advanced in a retrograde fashion into the distal fibula. A 150-
mm screw is routinely used as the length of the cortical screw
allows for it to contour readily to the diaphysis of the fibula
without fracture displacement expected with a shorter, more
rigid screw. Postoperative management is often dictated by the
fracture classification and associated injuries in the case of a
polytrauma. A stress examination of the syndesmosis is
performed once all malleolar fixation is secured. If indicated,
syndesmotic screw(s) may be placed anterior to the fibular
screw through the incisura (Fig. 2). Incisions are irrigated and
closed with suture and the ankle dressed in a well-padded
trilaminar splint for 2 weeks. Instructions are given including
strict elevation above heart level. The splint is removed at the 2-

Figure 1.Gross image of resected distal fibula in a patient with significant wound dehiscence and infection due to lateral fibular plating. Anterior (A), lateral (B), medial
(C), and posterior (D) views of the distal fibula demonstrating the ideal starting point for retrograde intramedullary screw fixation (Kirschner wire). E and F, Anterior-
posterior/lateral radiographs demonstrating the starting point for RIMSF. RIMSF, retrograde intramedullary screw fixation.
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week postoperative visit, soft dressing placed, and physical
therapy for range of motion and proprioception initiated.
Non–weight-bearing precautions are instituted based on the
associated injuries and patient comorbidities.

3. Results

Thirty-seven patients met our inclusion criteria with an average
age of 60 (16–94) years and an average follow-up time of 9.7
months. Twenty patients were female and 17weremale. Themost
common mechanism of injury was a fall from standing height
(51.4%), followed bymotor vehicle collision (21.6%), fall from 1
to 4 steps (10.8%), crush injury (5.4%), and 1 patient for each of
the following: motorcycle collision, fall off a ladder, fall off a
trampoline, and a pedestrian struck. The cohort was categorized
into 7 types of ankle fractures using the AO classification system:
4F3 fibular fractures involving the mortise (56.8%), 44A3
(2.7%), 44B (35.1%), and 44C (5.4%). The 4F3 fractures are
nonmalleolar fractures andwere associatedwith tibia fractures as
follows: 42B (2.7%), 43A (16.2%), 43B (18.9%), and 43C

(18.9%).[1] Of the 37 patients, 11 (29.7%) had an associated
ankle dislocation, 8 (21.6%) had an open fracture, and 5 (13.5%)
had an associated syndesmotic injury. Patients’ average time to
weight-bearing as tolerated was 57.2 days (15–115 days).

Thirty-six of the 37 patients went on to union (97.3%). Thirty-
two patients (86.5%) had at least 2 risk factors; 12 patients
(32.4%) had 3 or more risk factors (Fig. 3). Of the risk factors
seen in our patient population, age older than 55 years was the
most prevalent risk factor (67.6%) closely followed by an
elevated BMI (54%). The average patient BMI was 30.3
(18.9–43.8). Eight patients (21.6%) were actively smoking
tobacco at the time of injury, and an additional 11 patients
(29.7%) reported a history of prior tobacco use (Table 1).

A total of 6 complications were observed (15.8%). Two
patients had superficial infections (5.4%); however, one was
related to an external fixator pin site and the other sustained a
lower leg wound unrelated to the fibula fracture. Of the 36
patients healed, 2 developed a delayed union of the fibula which
responded to the use of a bone stimulator. Another patient
sustained an open AO 43-C3 distal tibia pilon fracture with
associated AO 4F3 distal fibula fracture, progressing to severe
post-traumatic tibiotalar arthritis necessitating tibiotalocalcaneal
fusion once the fractures healed.

4. Discussion

Ankle fractures are common orthopaedic injuries, consisting of 9%
of all fractures.[23,24] Operative fixation is indicated when there is
widening of the mortise, widening of the syndesmosis, or open

Figure 2. Anterior-posterior and lateral radiographs demonstrating syndesmotic screw placement in the setting of retrograde intramedullary fibular screw fixation.

Figure 3. Distribution of patients with associated number of risk factors for
wound-healing complications as described in the literature.

TABLE 1
Risk Factors for 37 Patients Resulting in IncreasedWound-Healing
Complications.

Patient Risk Factor Distribution

Risk Factor Number of Patients

Age 55 years or older 25
BMI .29.9 20
Polytrauma/open fracture 17
Diabetes mellitus 10
Smoker 8
Peripheral neuropathy 2
Alcohol abuse 1
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Figure 4. A–D, Patient with polytrauma treated with retrograde intramedullary screw fixation of the AO 44B2.1 fibular fracture and external fixator. E and F, Final
follow-up images demonstrate adequate callus formation.
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fracture. The standard fibular repair includesORIFwith a plate and
screw construct through either a lateral or posterolateral posi-
tion.[3,4,6,7] Wound healing complications have been well docu-
mented in the literature for these approaches. Miller et al[9]

retrospectively reviewed 478 patients with select risk factors who
underwentORIFof ankle fractures and found complication rates up
to 40%. Interestingly, the patients had an average BMI of 29 and an
average age of 43 years, both ofwhich fall below the threshold to be
considered risks for wound-healing complications, as described in
the literature.[11,16] In patients with identified risk factors for
wound-healing complications, the soft tissue envelop is fragile and
the treating surgeonmust proceedwith extreme caution. Thus, in an
attempt to preserve the soft tissue envelope, while providing
adequate fibular fixation, alternativemethods have been developed.

Over the past 2 decades, several alternative fixation methods
consisting of intramedullary devices including Rush rods,
Knowles pins, a variety of retrograde fibular nails, and retrograde
fibular screws have been explored.[25–31] Recent literature has
seen a resurgence in these devices, but none have gained
significant popularity. A minimally invasive plate osteosynthesis
distal fibular fixation technique was described with the goal of
minimizing periosteal devascularization while providing ade-
quate ankle stability.[32] Despite the limited dissection, the
reported complication rate was 15% and the authors recom-
mended against the routine use of this technique because of its
technical difficulty.[32]

In 1994, Ray et al[33] investigated an alternative to plate and
screw osteosynthesis by using intramedullary screw fixation with
cortical screws. They used 2.5-inch and 4-inch screws forWeber B
and Weber C type fractures with a 95.5% union rate in isolated
ankle fracture.[33] This method of fixation was revisited over 2
decades later when Smith et al[34] treated 23 patients with
retrograde cortical screw fixation. Twenty-six percent of their
patients had no risk factors, 35%had 1 risk factor, and 26%had 2
risk factors for wound-healing complications. They reported no
deep or soft tissue infections, 1 loss of fixation (4%), and 1
symptomatic instrumentation requiring implant removal (4%).[34]

Comparatively, our study had a similarly low complication rate
in patients with multiple risk factors for wound-healing complica-
tions. Despite all patients included in our study having at least 1
identifiable risk factor, 97.3% went on to union with the use of
RIMSF. The incidence of fibular screw–related complications was
only 15.8%, which were predominantly related to factors in-
dependent of the method of fibular fixation. Our findings are
consistent with those documented in the literature[9,35]; however,
our patient population had multiple risk factors predisposing them
to wound-healing complications.

The lone patient whose complication was attributable to the
RIMSF sustained an AO 44B2.1 distal fibular fracture and was
treated solely with a retrograde intramedullary fibular screw.
This patient had 4 documented risk factors for poor wound
healing: uncontrolled diabetes mellitus, peripheral neuropathy,
BMI of 37.4, and age older than 55 years. At the 9-month follow-
up, the patient’s imaging demonstrated failure of fracture healing
necessitating a tibiotalocalcaneal fusion. We believe any malleo-
lar injury involving an incompetent medial ligament as opposed
to a medial malleolus fracture (44B2.1, 44B3.1, 44C1.1, 44C2.1,
and 44C3.1) is particularly unstable, requiring adjunctive
methods of fixation,[1] especially in at-risk patients. In these
patients, concomitant placement of a percutaneous syndesmotic
screw(s) and or an external fixator is imperative. The lack of
medial ankle support places increased external rotation and
eversion stresses on the retrograde fibular screw. After our

collection period, we treated an 81-year-old female patient with
an open AO 44C1.1 malleolar ankle fracture and 4 documented
risk factors for poor wound healing: open fracture, associated
dislocation, BMI of 39.76, and age older than 55 years (Fig. 4). In
this patient, the fibular fracture was fixed with a RIMSF in
addition to an external fixator for 8 weeks, and remained
non–weight-bearing for 73 days. At the final follow-up, this
patient had radiographic healing andwasweight-bearingwithout
pain, indicating fracture union and successful treatment.

There are several limitations to this study. By design, this is a
retrospective case series and would benefit from prospective
comparative studies in the future. However, our intention is
simply to report the healing and complication rates of ankle
fractures in a complicated population of ankle fractures using a
less-invasive method of distal fibular fixation. This study is meant
to offer an alternative to distal fibula plate and screw fixation in
patients with identified risk factors, without the increased cost of
an elaborate device. A prospective cohort evaluating outcomes in
lateral malleolar fractures treated by plate and screw fixation in
patients with no risk factors compared with retrograde intra-
medullary distal fibula screw fixation in patients with risk factors
would be the next step. Second, our average time to weight-
bearing as tolerated was not uniform. The main reason for this
discrepancy was the difference in the patients’ associated injuries,
which dictated their postoperative management. The other factor
that contributed to the variation was patient compliance.
Interestingly, even with noncompliant patients, only 1 patient
was recommended a subsequent, nonelective surgery due to
fibular fixation. Third, final radiographs were not available on 11
patients. These 11 patients did not have any complications
requiring repeat surgical intervention. They had a mean follow-
up of 4.18 months.[1–8] Finally, we did not evaluate non-
compliance as a risk factor despite the evidence that it is
associated with wound complications.[9] Owing to the retrospec-
tive nature of our report, this was inconsistently documented.

The purpose of this study was not to state that retrograde
intramedullary fibular fixation is a superior construct but to
present this method of fixation as a viable alternative in patients
who are at increased risk for wound-healing complications due to
comorbidities.

5. Conclusion

Fixation of the distal fibula with a percutaneous retrograde
intramedullary screw is a good alternative to plate osteosynthesis
in patients with known risk factors for wound complications, such
as open/high-energy injuries, diabetes mellitus, peripheral neurop-
athy, elevated BMI, smokers, and elderly patients. Patients with
unstable lateral malleolus fractures, or fractures with syndesmotic
disruption, shouldbe additionally treatedwith either a syndesmotic
screw and cast immobilization or an external fixator, if soft tissues
are compromised, to ensure adequate stability.
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