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Abstract
Introduction Treatment of a patient with an open comminuted humerus fracture and an extensive bone defect is challenging and 
associated with high risk of a poor outcome, infection resulting from skin and soft tissue injury and considerable bone transport. 
The objective of the study is to demonstrate the experience with an open comminuted humerus fracture and an extensive bone 
defect treated with staged use of transosseous fixation with rod-and-wire device, autologous fibula graft and internal wiring. 
Material and methods We report a case of an open humerus fracture and an extensive bone defect treated with a bone replacement 
technique and followed up to 4 years. Results and discussion The limb was temporarily fixed with external fixation device extrafocally 
using wires and rods. A 24 cm autograft was harvested from the fibula. Osteosynthesis of the humerus and autografting were produced 
with the graft fixed using smooth wires and external fixation was provided using wires and rods. With consolidation of the humerus 
achieved, the external fixation device was dismantled and transosseous wires removed. Anatomical length of the segment was restored. 
Conclusion Combined techniques and technical means of external fixation, autologous graft, internal fixation with smooth wires 
facilitated complete restoration of the injured limb avoiding complications with a good clinical outcome.
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INTRODUCTION

Treatment of patients with open comminuted 
fractures of the humerus with extensive bone defects 
poses a considerable risk of poor outcomes as there is 
a high possibility of developing infection complications 
due to damage of skin and soft tissues and presence of 
a significant bone defect. A large variety of treatment 
methods makes it difficult to choose the optimal 
approach in each particular case, which contributes 
to development of complications and poor outcomes. 
Cases reports provide assistance in choosing appropriate 
treatment methods and the successful experience can be 
shared.

At present the main method used for management 
of humeral fractures is internal fixation with various 
modifications of plates and nails [1]. Formation of 
defects in long bones can be caused by fractures, cystic 
formations, tumors, non-unions, infection and conditions 
associated with the need to perform bone resection [2]. 
In oncology, bone metastases are observed in breast 
(47–85 %), prostate (54–85 %), thyroid (38–60 %), and 
ovarian (up to 9 %) cancer [3]. An extensive bone defect 
can result from high-energy trauma, severe infection, 
malignancy, and is a major problem in limb salvage [4].

There is no single standard definition of a critical 
defect. Defects can be assessed both in relative and 
absolute terms, depending on the constitutional features 

of the patient. In general, a defect is considered to be 
of a "critical size" if that amount of bone loss does not 
close spontaneously despite surgical stabilization and 
requires further surgical intervention including various 
types of plasty [5].

The use of osteosynthesis with various external or 
internal fixators through an open surgical approach for 
such patients often ends in a poor outcome and does not 
provide restoration of the anatomical length of the segment. 
Open reduction, immediately after the injury, negatively 
affects the blood supply and leads to such complications 
as soft tissue necrosis, infection, wound suppuration. The 
need for additional immobilization in the postoperative 
period leads to contractures of adjacent joints of the 
upper limb and soft tissue atrophy. With extensive bone 
defects, internal fixation of the remaining fragments is 
impossible due to lack of the required amount of bone 
tissue, and an open reduction immediately after the open 
injury bears a danger of complications. A combination of 
different methods is an alternative that helps to reduce the 
possibility of a poor outcome of treatment.

There are data confirming the effectiveness of the 
technique of B.Sh.Minasov et al.; they report positive 
results in filling-in a large post-resection bone defect 
with a fragment of the fibula using microvascular 
anastomoses [6].
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A unique feature of distraction osteogenesis is 
the ability to completely induce new bone formation 
in the defect site. This procedure consists of three 
consecutive phases: a latent phase after the osteotomy 
and external fixation, a distraction phase, and a 
consolidation phase [7]. 

Modern trauma and orthopedics has a huge arsenal of 
methods for filling-in extensive post-traumatic defects 
of bone tissue of long bones. Currently, four directions 
can be distinguished: free bone grafting, filling-in 
bone defects with osteoreplacing and osteoinductive 
materials, bone transport according to G.A. Ilizarov and 
combined methods [8].

Management of bone defects according to Ilizarov 
and replantation into the defect site of a vascularized 
or free autograft [9], and also various kinds of free 
bone auto- and allografts [10] are considered relatively 
effective. Autografts performing the function of a 
bioprosthesis can be used as implants as well as 
artificial implants characterized by biocompatibility and 
sufficient level of strength. Autobone is an osteogenic, 
osteoconductive and osteoinductive plastic material 
[11], however harvesting autobone is associated with 
an additional sometimes significant injury and blood 
loss and is limited by the amount of available plastic 
material.

Management of bone defects according to Ilizarov is 
a perfect type of bone plasty when a well-vascularized 
bone graft is gradually formed in the affected area; 
the cover tissues and soft tissues are preserved. 
Theoretically it can create a tubular bone of any length 
and shape in the defect site [9].

Bone plasty using cancellous autobone is considered 
an effective means in achieving bone union in 
reoperations and is recommended by the majority of 
authors using internal fixation. However, consolidation 
is not always achieved [12–13].

Management of bone defects according to Ilizarov 
is considered the most biological method to fill-in bone 
defects. The disadvantages of this method are long period 
of treatment, bulky external device uncomfortable for 
the patient and the patient needs to be continuously 
followed by the doctor during distraction period lasting 
for up to 3–4 months.

Therefore it is preferable to combine different 
techniques, which provides high-quality treatment and 
takes less time.

The purpose of this work is to report our experience of 
treatment of an open comminuted fracture of the humerus 
with an extensive bone defect using different techniques 
in stages: transosseous osteosynthesis with a half-pin and 
wire external fixator, fibula bone graft, internal fixation.

MATERIAL AND METHODS

This article describes treatment in stages of an open 
humeral fracture with an extensive bone defect using 
an autograft, an external fixator and internal smooth 
wires, which allowed us to fill-in the defect preserving 
anatomical length of the limb and avoid complications.

Here’s a clinical case with a 4-year follow-up: an 
open humeral fracture with an extensive bone-tissue 
defect was treated using bone transport.

Patient S.K., born in 1994, got injured in a road 
traffic accident on 29.09.2016. In a local hospital he 
was proposed amputation at the level of the humerus. 
He came to us on 10/10/2016.

The patient underwent clinical examination. He 
had a stitched wound of the posterior humerus with the 
signs of infection, limited function of the limb. Detailed 
questioning of the patient and revision showed that a 
large defect of the humerus was caused by loss of a 
significant bone fragment through the wound on the 
posterior surface of the elbow.

The patient underwent radiographic examination. 
He was diagnosed with an open double comminuted 
fracture of the left humerus with extensive defect of the 
meta-diaphysis and there was a fragment of the distal 
epiphysis and a defect of the articular surface of the 
elbow. There was an open fracture of the forearm; 22 cm 

defect of the humerus. II type according to Gustilio-
Anderson classification of open fractures [14] (Fig. 1).

At the first stage of treatment on 12.10.2016 extrafocal 
osteosynthesis of the limb with the half-pin and wire 
external fixator was performed preserving the limb length 
without elimination of the defect (Fig. 2). Half-pin and 
wire fixator was used for minimally invasive closed 
reduction of the humerus; normal length of the segment 
was restored; longitudinal displacement of the segment 
was corrected.

Fig. 1 X-ray of the left humerus of patient S.K., 1994 YOB, on 
admission on 10.10.2016
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Fig. 2 X-rays of the left humerus of patient S.K., 1994 YOB, after 
application of the half-pin and wire external fixator 12.10.2016

When infection in the wound manifested 
bacteriological laboratory studies were performed 
and antibiotic therapy commenced; infection was 
arrested. Analysis of the microbial landscape of the 
wound showed presence of Staphylococcus aureus. 
Antibiotic therapy, semisynthetic penicillins (mainly 
oxacillin), systemic medication were prescribed and 
daily surgical treatment of the soft tissue wound was 
done. The patient became active after the first stage of 
the surgery and remained under observation.

After the soft tissue wound healed the second stage 
of surgical treatment was performed on 14.12.2016. 
The half-pin and wire external fixator was temporarily 
removed and the bone defect of the humerus was filled-
in with a 24-cm fibula autograft (Fig. 3).

Fig. 3 Harvesting the 24-cm fibula autograft

The autograft was placed in the site of the humeral 
defect through the two mini-incisions. The autograft 
was put through the first mini-incision from the side 
of the distal humeral fragment; it was pushed up to the 
proximal fragment. Then the autograft was inserted 
into the medullary canal of the proximal fragment by 
2 cm. For the purpose of the insertion and fixation of 
the graft to the proximal fragment the second mini-
incision was made; the proximal end of the fragment 
was exposed.

After insertion of the graft into the medullary canal 
of the proximal fragment of the humerus the autograft 
was fixed with three smooth wires. For fixation of the 
distal end of the graft to the distal humerus the first mini-
incision was used; the ends of the graft and the distal 
fragment were put in contact and fixed with five smooth 
wires, which were inserted also through the fragment 
of the epiphysis into the articular surface as there was 
a defect of the articular surface of the distal humerus.

The half-pin and wire Ilizarov external fixator was 
assembled to provide immobilization (Fig. 4, 5).

After the autograft and humeral fragments united 
on 04.04.2017 the external fixator was removed; the 
wires placed through the contact sites of the graft and 
the humeral fragments were removed through the mini-
incisions (Fig. 5).

Fig. 5 X-rays of the left humerus of the patient after removal of 
the external fixator and the wires

At the first stage, in the acute period of trauma, the 
temporary transosseous extrafocal fixation of the limb 
was done with a half-pin and wire external fixator. At 
the second stage the 24-cm fibula graft was harvested. 

Fig. 4: a – X-ray of the humerus after putting in the graft and 
application of the external fixator; b – photo of the patient’s limb 
after the second stage of the surgery
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Osteosynthesis of the humerus and graft with the 
smooth wires and filling-in of the bone defect were 
performed. The half-pin and wire external fixator was 
assembled again. The external fixator is effective for 

immobilization of the limb; unlike plaster cast is makes 
it possible to treat the soft tissues and monitor the 
wound healing [15]. After the bone union was achieved 
the external fixator and the internal wires were removed.

caused its defect. The patient has all functions in the left 
arm and works as a motor driver; he is pleased with the 
result of treatment despite the ankylosis.

RESULTS

Full recovery of the integrity of the segment was 
achieved after treatment of the patient with the humeral 
fracture in stages. The limb contains natural biological 
tissue without any foreign bodies (Fig. 5). An integrated 
bone frame was formed; the clinical examination 
proved it to be capable of taking longitudinal, rotational, 
twisting stress. The treatment result was evaluated 
according to the scale “Elbow surgery evaluation”, 
which after 24 months corresponded to a satisfactory 
result (50–69 points) [16]. There was full function in 
the elbow joint.

At 4 years follow-up (Fig. 6) on 10.01.2020 the 
patient had fibrous ankylosis of the elbow joint in 
functional position. At the initial stage of treatment in a 
local hospital the patient had been proposed removal of 
a part of the limb; the treatment we conducted allowed 
us to preserve the limb, the fibrous ankylosis of the 
elbow developed because the articular surface of the 
humerus had been damaged during trauma and it had 

Fig. 6 Photo of the patient in 4 years after completion of 
treatment

DISCUSSION

The method of choice for management of open 
fractures of the humerus is extrafocal osteosynthesis or 
open osteosynthesis depending on the character of injury. 
Using open osteosynthesis in the early posttraumatic 
period in presence of extensive soft tissue wounds with 
primary biological contamination, multi-fragmental 
fractures is associated with infection complications.

According to the available literature data at the 
current level of technological development open 
fractures result in osteomyelitis in 5.3-75.4 % of cases, 
gun-shot fractures result in osteomyelitis in 34.2–82.3 % 
of cases and planned orthopaedic and trauma surgeries – 
in 1.5–33.2 % of cases [17].

A. Bagherifard, H. Ghandhari et al. report that 
application of massive avascular grafts is associated 
with a risk of secondary infection, long remodeling and 
osteolysis [18]. Unlike the literature data, our patient did 
not have infection complications and osteolysis.

Long treatment, need for a few stages and subjective 
discomfort are significant drawbacks in the management 
of bone defects according to Ilizarov [19]. However, in 
case of our patient at the initial stage of treatment the 
patient had been proposed an amputation; despite long 
treatment in stages we succeeded in limb salvage and 
avoided amputation.

Autograft is an osteogenic, osteoconductive 
and osteoinductive plastic material [11], however 
harvesting the autograft is associated with additional, 
sometimes significant trauma and blood loss and 
limited amount of plastic material available for 
harvesting. Mattar J.Jr., Azze R.J. et аl. report 
that vascularized bone plasty provides higher 
biomechanical strength than non-vascularized [20]. In 
our case we used 24 cm autograft, which is considered 
a massive graft; we observed neither complications in 
the bed of the graft nor complications associated with 
the graft acceptance.

Such traumas set a task before the doctor to using 
various kinds of treatment and their combinations in 
order to achieve a successful result. An external fixator 
is effective for immobilization of the limb; unlike 
plaster cast is makes it possible to treat the soft tissue 
wound and monitor the wound healing. Based on 
studying the long-term anatomic and functional result 
we can conclude that using fibula for the purpose of 
filling-in posttraumatic diaphyseal-metaphyseal defect 
of the humerus is beneficial and effective. However, 
our report is based on the treatment result of one 
patient and we do not find it appropriate to make 
general conclusion.
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CONCLUSION

Combination of different techniques and technical 
devices of external and internal fixation allowed us to 
completely restore the injured limb, avoid complications 
and achieve satisfactory clinical result in this patient. The 
described technique for filling-in bone defect is widely 
used in Russian and international medical institutions.

A wide variety of treatment methods makes it difficult 
to choose the optimal ones and avoid complications and 

poor outcomes. Presence of conclusive cases reports 
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The outcome of filling-in the large defect of the 
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