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Abstract
Introduction Failures in surgical rehabilitation of patients with humeral fractures result in the formation 
of  a  multicomponent complex of pathological symptoms, including nonunion or bone defect, changes 
in the shape and length of humeral fragments, development of persistent angiotrophic disorders of the upper 
limb and contractures of the shoulder and elbow joints. Despite the effectiveness of using metal implants, 
there are risks in surgical osteosynthesis in complex anatomical and functional lesions.
The purpose of the work was to demonstrate a new technology of bone plasty with free fragments 
of  the  fibula as  a  bone-plastic material for restoring the integrity of the humerus in bone nonunion 
and  defects  in  the  conditions of transosseous osteosynthesis and transosseous fixation of the grafts 
with wires.
Materials and methods A free autograft of the fibula shaped as a cylindrical fragment, which was resected 
proximally to the ankle joint level at 8.0-9.0-cm distance, was used as a bone plastic material. The fibula graft 
was fragmented intraoperatively. Fragments were implanted along the periphery of the humerus fragments 
overlapping of the pseudarthrosis site. Free autografts of the fibula were transosseously fixed with wires. 
A wire/half-pine Ilizarov apparatus with three external supports was placed to fix the segment.
Discussion The "gold standard" material for bone plasty is autogenous bone. If defects and pseudoarthroses 
of the humerus are located in the distal metaepiphysis, the application of the fibular cylinder-shaped fragment 
with intraosseous reinforcement of the humeral bone is technically difficult. Open co-aptation of the humeral 
fragments with adequate contact between them and application of the optimal autogenous bone-plastic 
material which overlaps the pseudarthrosis zone to increase the volume of bone mass ensure the restoration 
of bone regeneration in the pseudarthrosis zone. External fixation is optimal for fixation of bone fragments 
and grafts.
Conclusion The originality of the developed technology lies in the use of several free bone autografts 
from  the  fibula implanted along the periphery of the humeral fragments junction. The area of active 
osteogenesis is thus created due to the combined effect of open co-aptation of the ends of the humeral 
fragments with resection of the endplates and bone autogenous grafts that overlap the problematic area. 
Additional transosseous fixation of bone autografts with wires ensures the stability of free grafts. Controlled 
fixation of  humeral fragments with compression and adequate contact of the fragments is achieved 
with the Ilizarov apparatus.
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INTRODUCTION

The Federal State Statistics Service of the Russian Federation reports that upper limb injuries accounted 
for 34.6 % to 34.9 % of all skeletal injuries and their consequences in the period from 2020 to 2023. 
Unfortunately, not all patients with skeletal injuries of the upper limb had satisfactory treatment 
outcomes. Thus, humeral nonunion and bone defects are detected in 2 up to 30 % of  cases 
following humeral fractures [1]. As a rule, due to failures of surgical rehabilitation, patients develop 
a multicomponent pathological symptomatic complex, including nonunion or bone defect, changes 
in the shape and length of humeral fragments, persistent angiotrophic disorders in the upper limb, 
and  contractures of the shoulder and elbow joints [2]. Pathological processes reflect themselves 
in the architecture of the bone tissue of the humeral fragments, such as their eburnation and atrophy, 
while the fragments have a mosaic combination of sclerosis and osteoporosis areas throughout [2].

According to the current literature, orthopaedic trauma surgeons prefer dynamic DCP/LCP plates 
and intramedullary locked osteosynthesis as fixation means. At the same time, while recognizing 
the  effectiveness of internal metal structures, the authors acknowledge the risks of  surgical 
intervention failures and, in some cases, failures of osteosynthesis in complex anatomical 
and functional injuries of the humerus [1, 3–6].

Purpose The aim of the work was to demonstrate a new technology of bone plasty with free 
fragments of the fibula as a bone-plastic material for restoring the integrity of the humerus in bone 
nonunion and defects in the conditions of transosseous osteosynthesis and transosseous fixation 
of the grafts with wires.

MATERIALS AND METHODS

A retrospective evaluation of humeral bone reconstruction with free fibular autografts 
in  the  conditions of transosseous osteosynthesis and transosseous fixation of grafts with wires 
was performed. The novelty of the technology has been confirmed by an application for a patent 
for  the  invention "Autotransplantation of the fibula for defects of the diaphysis of long bones" 
registered with the Federal Institute of Industrial Property (reg. No. 2024137957 dated 17.12.2024).

Technical performance

A free autograft of the fibula shaped as a cylindrical fragment up to 7 cm long which was resected 
proximally at 8-9 cm from the ankle joint level was used as a bone-plastic material. The resected 
autograft of the fibula was divided into two cylindrical fragments and fragmented lengthwise 
into several pieces. Then, the pseudarthrosis site was approached, the endplates of the humerus 
fragments were resected, and the humerus fragments ends were adapted for contact. To increase 
the  volume of  bone mass in the pseudarthrosis and bone defect site for expected increase 
in  the  strength properties of  the  future callus, the prepared previously bone autografts were 
implanted along the  periphery of  the  pseudarthrosis site, overlapping the humerus fragments 
junction. To exclude possible autograft migration, they were additionally fixed with transosseous 
wires inserted into the soft tissues of the humerus along the periphery. After hemostasis control, 
the wound was sutured tightly layer by layer. To fix the segment, the Ilizarov apparatus was used, 
consisting of  three external supports in the wire/half-pin variant of bone fragment fixation. 
Considering the transosseous fixation of bone grafts and the end-to-end contact between 
the fragments of the humerus, we refrained from traditional supporting compression at the junction 
of the fragments in the postoperative period, and actually switched to a neutral version of transosseous 
osteosynthesis. After the fragments showed union in radiographs and in clinical consolidation test, 
the Ilizarov apparatus was dismantled.
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Case report

A 38-year-old patient was admitted to the clinic on 23.04.2024. The injury was 19 years old 
and the patient had undergone multiple failed surgeries. Unfortunately, the patient did not have 
complete medical reports on the previous stages of treatment.

Nonunion of the patient's left humerus was classified as a pseudarthrosis with a normotrophic 
type of  bone formation according to the Weber & Cech classification [7] and  verified 
as  a  defect‑pseudarthrosis of the left humerus with anatomical shortening of 6 cm according 
to the classification of Shevtsov et al. [2].

The previous surgeries resulted in numerous pointed and linear scars along and combined 
contractures of the left shoulder and elbow joints with a sharp limitation of the function of the upper 
limb. Movements at the level of the left elbow joint were possible mainly due to pathological mobility 
in the area of the neoarthrosis (Fig. 1).

Fig. 1 Photo and radiographs of the left humerus in two projections at admission to the hospital

At the Samarkand branch of the RSNPMC TO, the patient underwent open co-aptation of the fragments 
of the left humerus. The ends of the fragments were economically resected, the bone marrow canals 
were opened, and end contact was achieved between them. Fragments of the fibula were implanted 
into the pseudarthrosis site of the humerus along the periphery and were additionally fixed with wires. 
Fixation of the segment was carried out with the Ilizarov apparatus of three supports in a wire/half-
pin arrangement (Fig. 2). During the dynamic examination, the patient regularly underwent clinical 
examinations and X-ray studies, while positive dynamics of graft reorganization and the formation 
of bone callus in the pseudarthrosis zone of the humerus fragments were observed (Fig. 3).
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Fig. 2 Intraoperative radiographs of the left humerus in two projections taken on 26.04.2024

Fig. 3 Radiographic dynamic checks of the left humerus 
consolidation condition: (а) 16.08.2024; (b) 11.09.2024; 
(c) 28.10.2024; (d) 25.11.2024

The radiographic control and clinical consolidation test showed bone union and augmented bone 
mass at the pseudarthrosis level. Free autografts of the fibula were undergoing remodeling, lysis 
and signs of osteonecrosis of bone tissue were absent. The Ilizarov apparatus was dismantled (Fig. 4). 
Three months after dismantling the apparatus, the treatment result was preserved, remodeling 
of newly formed bone tissue was complete (Fig. 5).
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Fig. 4 Photos and radiographs of the left humerus in two projections upon the dismantling of the Ilizarov fixator 
and removal of transosseous wires on14.01.2025

Fig. 5 Radiographs of the left humerus in two projections at a 3-months follow-up after Ilizarov apparatus removal 
on 14.04.2025

DISCUSIION

We believe that external fixation can be considered as an alternative variant of osteosynthesis 
in complex clinical situations. Obviously, this idea is not new. According to our data, the possibility 
and effectiveness of transosseous osteosynthesis in the treatment of patients with pseudarthrosis 
and defects of the humerus were first described in the dissertation research of V.I. Shevtsov [8]. 
Despite the long history of successful use of transosseous osteosynthesis in the treatment of patients 
with defects and pseudarthrosis of the humerus, there is no reason to claim that this fixation option 
is widespread and popular. Most publications devoted to this problem were written by researchers 
of the Ilizarov Center [2, 9–11].

However, recent publications by the authors from Uzbekistan report on the successful use 
of transosseous osteosynthesis to correct deformities and manage pseudarthrosis of the humerus [12–
15]. The choice of osteosynthesis and fixation of humeral fragments is not the only problem 
in  the  surgical rehabilitation of patients with defects and nonunion of the humerus. To restore 
the integrity of the humerus, open co-aptation of the ends of the fragments is required for a tight 
contact between them, opening the bone marrow canals and application of bone-plastic materials, 
mainly allo- and autografts in the case of bone defects [1, 16].
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It  is  known that the “gold standard” of bone-plastic material is autogenous bone, while the use 
of  fibula as the most accessible autograft has been recognized effective and popular [4, 17–20]. 
Certainly, researchers would prefer to use a vascularized fibula with restored arteriovenous bypass 
[21–27]. However, this technology is complex, two-stage, requires the use of microsurgical techniques, 
creates problems in the donor site, the replant itself has risks of thrombosis of arteriovenous shunts, 
and in a number of clinical situations the operation is technically impossible [28–31].

According to our data, the fibula was first used for humeral reconstruction with intramedullary 
fixation of the graft by Wright et al. [4]. In the literature, one can find publications on the successful 
use of a free non-vascularized fibula in patients with pseudarthrosis of the humerus, and the authors 
of those reports preferred plates with angular stability for fixation of fragments [16, 17, 20].

An experience of successful management of atrophic defects of the humerus was published: 
a free autograft of the fibula was implanted into the bone marrow canal of the humerus, fixation 
of  fragments and maintenance of compression were carried out with the Ilizarov apparatus [32]; 
the novelty of the developed technology was confirmed by a Russian patent [33].

However, in a number of clinical situations, intraosseous implantation as an option for a post‑traumatic 
defect in the distal humerus and intramedullary canal reaming in  the  intercondylar zone 
of  the  humerus  are impossible due to the anatomical features of  the  humerus and the risks 
of  iatrogenic fractures during canal formation. Therefore, when defects and pseudoarthroses 
of  the  humerus are located in the distal metaepiphysis, the use of the fibula in the cylinder-
fragment design with  intraosseous reinforcement of the humerus is technically impossible 
with the previously proposed technology [32, 33].

Based on the literature data on the search and development of new innovative bone-plastic materials, 
it should be noted that to date, autografts, which have no risks of negative immune responses 
and are capable of complete organotypic restructuring, are still optimal in terms of osteoinductive 
and  osteoconductive properties [32, 34]. The key disadvantage of bone autografts is the limited 
volumes of this bone-plastic material [35]. At the same time, in a number of complex clinical 
situations with bone defects of the upper limbs, significant volumes of implantation material are 
not required. Rational use of available donor material can provide the necessary volumes of lost 
bone tissue.

Based on this concept, we considered the possibilities of managing humeral bone defects with free 
autografts from the fibula as quite sufficient and rational. The patient’s case presented as a clinical 
example had a pseudarthrosis of the humerus localized in the distal metaphysis, had combined 
persistent contractures of the adjacent joints, and pronounced pathological mobility of bone 
fragments. Given the features of the pathological anatomical and functional changes in the patient's 
upper limb, the use of dynamic DCP/ LCP plates or intramedullary locking fixators was questionable, 
since these instruments have limitations in strength and time of action.

According to the literature, the main cause of nonunion and failures after reconstructive 
interventions is the lack of rigid and stable fixation of the humerus fragments [5, 6, 36, 37]. Adequate 
contact between the ends of the fragments is necessary to achieve union [38]. Open co-aptation 
of the humerus with adequate contact between the fragments and the use of optimal autogenous 
bone-plastic material ensures bone regeneration in the pseudarthrosis site. In our opinion, with 
this type of bone grafting, external fixation devices have undeniable advantages in fixing humerus 
fragments and bone grafts. An enhanced volume of bone mass in the pseudarthrosis zone resulting 
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