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Abstract

Introduction Ankle fractures are one of the common injuries treated by orthopaedic surgeons. The lack
of a standard medical care can be associated with poor outcomes, high disability rates with conservative
treatments. Reported outcomes following operative fixation vary widely in the literature and infectious
complications can complicate the rehabilitation process.

The objective was to show a clinical possibility, safety and feasibility of a new method of fibula fixation
in ankle fractures using necropsy material and to reduce negative consequences after surgical treatment.

Material and methods Major vessels and nerves were isolated in the lower third of tibia in 11 biomannequins,
AO 44C1 and 44C2 fractures obtained mechanically and fibula fixed using the technique offered. Forces were
applied to the injury site through mechanical stress tests.

Results The fixation method did not lead to a conflict between fixing screws and major vessels and nerves.
No visible changes in the fibula position were noted in the biomannequins with the foot brought to extreme
positions of plantar and dorsal flexion, with stress tests causing valgus and varus deformities.

Discussion As opposed to conventional surgical treatments of ankle fractures, no large incisions are required
with the technique to place implants. There is no need to use plates, and the fracture can be fixed using
the paired bone of the injured segment instead. Fixation screws can be inserted transcutaneously through soft
tissue punctures. The new method is associated with less trauma, less quantity of metal needed and reduced
probability of infectious complications. It can be used for AO 44C1 and 44C2 fractures in medical institutions
with different availability of equipment.

Conclusions Ankle fractures can be repaired with the technique offered causing no damage to the major
vessels and nerves at the surgical site. Stress tests showed stable fibula fixation achieved in all cases avoiding
mobility at the fracture site. The new technique can facilitate normal reparative osteogenesis in clinical
practice.
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INTRODUCTION

Ankle fractures are often considered a routine pathology [1-4] and are still commonly
underestimated and overlooked. Inadequate strategies for treating ankle fractures can lead
to poor outcomes [5-12]. The best treatment for ankle fractures remains a topic of debate and
depends on the specific fracture and patient factors. Conservative (non-surgical) treatment of ankle
fractures, particularly those that are unstable or displaced, can lead to poor outcomes and ankle
fracture surgery comes with a risk of fracture-related infection [13-16].

In recent years, a progress has been made in the treatment of patients with diaphyseal fractures
of the limbs, and significantly less so when the fracture is localized in the metaepiphysis
or is intra-articular. Besides simple fracture entities resulting from low energy trauma, there
are comminuted ankle fractures associated with significant soft tissue damage and bone
displacement [17]. Ankle fractures, including pilon and malleolus fractures, are prioritized based
on their severity and stability [18, 19].

Early application of conventional methods of osteosynthesis with metal constructs can lead
to poor outcomes. Open reduction and internal fixation (ORIF) for ankle fractures, while often
effective, can present several disadvantages and potential complications [20]. Early intervention
and rehabilitation after an ankle fracture can significantly improve outcomes and functional recovery
[21]. Minimally invasive osteosynthesis has been reported to be superior to open reduction and
internal fixation in the treatment of different long bone fractures. All of the above served as a reason
for developing a method of fracture fixation, which, in contrast to traditional approaches, is less
traumatic and metal-intensive, and allows for reliable bone fixation that would result in complete
fusion.

The objective was to show a clinical possibility, safety and feasibility of a new method of fibula
fixation in ankle fractures using necropsy material and to reduce negative consequences
after surgical treatment.

MATERIAL AND METHODS

The study was performed using 11 lower limbs of biomanikins to be used for the method
of osteosynthesis proposed. The intact tibia of the traumatized bone was used for the fibular fixation
instead of extra-osseous or intraosseous implant (Patent “Method to repair tibial and forearm
fractures”) [22, 23].

Two pairs of Kirschner wires were placed transcutaneously in the distal tibia and fibula
lateral-to-medial. The wires were placed in cutting planes with an arbitrary divergence from 6°
to 30° in-between them and passed through the cortices of the fibula and tibia of the simulated
injured segment of the limb at a distance of (4.2 = 0.3) cm from the tip of the lateral malleolus
to the distal wires (the first distally located wire) and (9.1 +0.3) cm from the tip of the lateral malleolus
to the proximal wires (the fourth proximal wire). In this way, fixation of the fibula to the tibia was
simulated that could replace the plate or another implant (Fig. 1).

Then the skin-fascial flap was removed, tissue preparation was performed to isolate the anterior
tibial vascular bundle and the peroneal nerve. Position of the wires in relation to the vascular-nerve
formations was visually determined, and distances from them to the apex of the lateral malleolus
were measured in the frontal and parasagittal planes(Fig. 2). The fibula was osteotomized between
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the pairs of wires at a distance of (6.2 = 0.2) cm from the apex of the lateral malleolus using the Gigli
saw (Fig. 3). The pins were removed and fibula fracture was temporarily fixed with a bone holder
(Fig. 4). The next stage included osteosynthesis using the proposed method with screws placed

in the channels formed by the wires in such a way that they also passed through the fibula and tibia
cortices (Fig. 5).

Fig. 1 Kirschner wires placed
in the tibia and fibula

Fig. 2 Wires positioned relative
to the vascular-nerve bundles:
(1) anterior tibial artery;

(2) Kirschner wires; (3) peroneal
nerve

Fig. 3 Condition after fibular
osteotomy: (1) anterior tibial
artery; (2) line of the fibula
fracture formed; (3) Kirschner
wires; (4) peroneal nerve

Fig. 4 Temporary bone fixation:
(1) bone holder; (2) line of the
fibula fracture
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Fig. 5 Osteosynthesis of the fracture using the method proposed (a) and an X-ray of the injured segment after
osteosynthesis using the scheme proposed (b): (1) line of the fibular fracture; (2) screw heads after the insertion;
(3) cortical screws

Visual assessment of fracture fixation was performed using stress tests aimed at maximum
medialization and lateralization of the foot, and using the extreme positions of plantar and dorsal
flexion.

RESULTS

The measurements are presented in Table 1.

Table 1
Measurements

Ne preparation Average

1123 14|5/6| 78] 9] 1011/ values

Measurements

Distance from the wires at the fracture level at the tibiofibular syndesmosis, drawn perpendicular
to the long axis of the tibiofibular joint, cm

to the anterior tibial artery 1.271.11.3/1.0/1.3|1.2/1.0/ 1.1|1.3|1.2|/1.0|1.1%0.2
to the peroneal nerve 1.9/2.112.0/1.8(2.3/2.1(1.7|1.8/1.9|2.2/1.8/1.9+0.4

Length of the fibula from the head to the top
of the lateral malleolus, cm

41.540.2|142.4/41.0/41.2/42.0/41.3/41.9/40.3|42.1|141.741.4 £ 0.5

Distance from the top of the lateral malleolus, cm

to the fracture site formed, cm 6.316.264/6.0(6.3|6.5/6.1/6.3/6.2|6.0/6.4|6.2%0.2
to the distal wires (1st DW) 4514.1(4.41424.0/4.2(43|4.4|4.0|/4.5|4.1/4.2%0.3
to the proximal wires (4th PW) 9.4/9.0/9.1/8.9/8.7/9.0/9,.2/9.19.3/9.19.3/9.1+0.3

Distance from the wires at the level of a line drawn perpendicular to the long tibial axis, cm

to the anterior tibial artery | 1t distal wire 48|50(49|4.7|51|5.0|4.9|4.74.8|/5.1/4.9/49%0.2

at the level of the exit
of the bundle of wires 4% proximal wire| 4.7 | 4.8 | 4.6 | 4.6 |4.9|5.1 | 4.8 4.8 4.6 5.0 4.6 4.7+0.4

to the peroneal nerve 15t distal wire 2624252423 /2.5/2.6[2.2]2.4]2.5]2.3/2.3%0.3

at the level of the entry
of the bundle of wires 4™ proximal wire| 2.2 | 2.5 2.1 |2.5|2.2/2.6|2.3|24|2.5|2.3|2.5/2.3+0.3

The objective data obtained confirmed the results of visual control. It can be suggested
that the method proposed does not cause a conflict of wires, which are located at a significant
distance from major vascular-nerve formations.
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DISCUSSION

Literature review showed that the method of treating ankle fractures depends on the type of injury.
Ifthe anklejoint remains stable after the injury, the conservative treatment methods provide excellent
results. However, J.D. Michelson reported non-displaced syndesmosis injuries requiring fixation
after stress testing [24]. Immobilization of fracture dislocations in the ankle joint using various
conservative means can lead to a loss of reduction and complications with soft tissues. The risks
can be reduced by surgical treatment with use of external fixation devices [25, 26]. Unstable ankle
joint are repaired with surgical methods. Fixation plates are reliable for comminuted fracture [27].
Intramedullary osteosynthesis can be used for fixation of unstable distal fibula fractures [28]. This is
supported by an experimental study that has proven the advantage of the fixation method compared
to conventional plating [29].

Injuries of the tibiofibular syndesmosis can be repaired with dynamic fixation using metal buttons
combined with a thread as reported by Lazko [30]. Gafurov considers this method a good alternative
to traditional static fixation using a positional screw [31]. With the advantages of dynamic fixation,
the technique can be expensive and static methods remain an important trauma and orthopedic
tool [30, 31]. Murphy does not see a significant difference between the methods, although the latter
may cause postoperative complications and a greater rate of re-operations [32].

The hybrid method of fibula osteosynthesis is chareacterized by the entry and exit points of the screws
being located in the area of the anterior tibial artery and peroneal nerve. The study was aimed
at demonstrating the safety of the method offered and some advantages compared to the traditional
method of osteosynthesis of the lower fibula third.

Therefore, the method of osteosynthesis can be used to repair ankle fractures AO 44C1, 44C2 in
clinical practice. The new method is associated with less trauma, less quantity of metal needed and
can be offered for medical care provided for patients in institutions with varying levels of equipment,
reducing financial costs for the treatment of the cohort of patients.

CONCLUSION

ITpensioskenHsblit Ankle fractures can be repaired with the technique offered causing no damage to
the major vessels and nerves at the surgical site. Stress tests showed stable fibula fixation achieved
in all cases avoiding mobility at the fracture site. The method of hybrid osteosynthesis of the fibula
provides stable bone fixation at the fracture site in patients with ankle fractures and is safe and
technically feasible in clinical scenarios. The findings allow us to recommend the method for use in
clinical practice.
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