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A B S T R A C T 

Introduction 

 

Humeral shaft fractures account for 1% to 3% of all fractures and 

approximately 20% of all fracture involving the humerus [1, 2]. The 

choice for the optimal treatment is still controversial. Non operative 

treatments include functional bracing, casting, and splinting. Operative 

treatments currently viable are plate fixation (open reduction internal 

fixation ORIF), intramedullary nailing (IMN) and external fixation [3]. 

Among these, no gold standard treatment has been identified yet, and 

non-union may occurs. The prevalence of nonunion for diaphyseal 

humeral fractures has been reported as 1% to 10% after non-surgical and 

10% to 15% after surgical management [4]. 

 

Causes of humeral diaphyseal fracture non-unions are infection, 

distraction at fracture site, soft tissue interposition, unstable fixation, 

wrong choice of implant, iatrogenic devitalization of soft tissues, 

inadequate immobilization, open fractures, comminution, and 

osteoporosis [5]. Various devices used in treatment of humeral 

diaphyseal non-union are limited contact dynamic compression plates, 

locking compression plate (LCP), wave plates, humerus interlocking nail 

(HIL), Ilizarov external fixators and bone graft struts. Currently, the 
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most popular management for a humeral shaft non-union is ORIF with 

autologous bone grafting [6]. In this paper we present an unusual case of 

humeral diaphyseal fracture non-union. 

 

Case Description 

 

A 68-year-old male, unemployed, on July 2014, reported a spiroid 

fracture of the left humeral diaphysis (AO/Muller classification: 12-C1) 

due to a simple fall from a ladder. Some days later he underwent surgery, 

and the fracture was fixed by IMN (Figure 1). Three months later, he 

was clinically and radiologically followed up (Figure 2). The patient 

reported pain, discomfort, and function impairing, but he was suggested 

to continue the rehabilitation program. 7 months later, due to the 

increasing pain and functional impairing, the patient was diagnosed a 

post-traumatic humeral head avascular necrosis with an intact rotator 

cuff. For this reason, the IMN was removed and a cemented shoulder 

endoprosthesis was implanted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: IMN of the humeral shaft fracture, post-operative radiographic 

check. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: 3 months X-ray follow up, showing lack of consolidation in 

the site of the fracture. 

 

All these information above reported were obtained directly from the 

patient and from his clinical records. For this reason, it was not possible 

to gain access to all the imaging studies performed. On April 2017, the 

patient came to our attention, complaining persistent impaired function 

on the left shoulder despite the prosthesis. The clinical and radiological 

evaluation was impressive (Figure 3). The patient discomfort was due to 

the presence of a “second elbow” in the middle of the arm with a 

preternatural mobility caused by an atrophic non-union of the humeral 

shaft. On July 2017, 3 years after the first operation, the patient 

underwent new surgery. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3A: clinical examination showing a multiplanar preternatural 

mobility in the middle of the arm. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3B: X rays showing the nonuion in the site of the previous 

fracture. The head of the endoprosthesis has migrated upward, a sign 

meangingfull of rotator cuff insufficiency. 

 

 

 

 

 

 

 

 

 

 

Figure 3C: CT-scan with 3D reconstruction highlightning an atrophic 

nonunion of the humeral shaft, with a significant bone gap. 

 

The main goals of this reintervention were to treat the humeral shaft non-

union and restore the shoulder function. It was decided to gain these aims 

in only one stage. After removing the previous prosthesis and its cement, 

fracture intramedullary fixation was obtained with the extra-long stem 

(180 mm) of the reverse shoulder arthroplasty (SMR model, LIMA 

corporate, Italy) we implanted to restore shoulder function. The extra-

long stem was chosen to include and surpass the non-union site, which 

was bonified with an extensive curettage. Due to the relevant bone loss, 

an allograft from a cadaver femur, was prepared and fixed with two 

metal cerclages (Figure 4). The patient was dismissed with the upper arm 
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immobilized by a sling for six weeks. Active kinesis for the elbow and 

the wrist were allowed. Passive kinesis of the shoulder started after six 

weeks. The patient underwent radiological and clinical examination 

every month (Figure 5), and 8 months after the intervention 

radiographical healing was obtained. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4A: Intra-operative image showing the previous implanted 

endoprosthesis, with the atrophic nonunion at the lower extremity. 

Notice the wide bone gap in the middle of the humers. An extended 

delto-pectoral approach was used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4B: In the square, preparation of the bone splint from the 

cadaveric femur. Intra-operative image showing the positining of the 

allograft (A) and its fixation by metal cerclages (arrows). Notice the head 

of the reverse prosthesis (P), implanted before the fixation of the 

allograft. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5A: Post-operative check, showing the correct positioning of the 

reverse prosthesis and the allograft. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5B: 3 months radiological follow up, showing initial sign of 

consolidation. 

 

Discussion 

 

The most relevant findings in this report are the use of a revision stem 

with an allograft to treat a humeral shaft non-union and the importance 

of a correct pre-operative planning. In this case there were two goals to 

achieve: firstly, to cure the humeral shaft non-union, secondly to restore 

the function of the shoulder. These goals could have been achieved in 

two different ways: the first was a two or even three stages process with 

multiple surgical interventions, the second was a one-stage way with a 

single intervention able to solve both the problems at the same time. 

Crucial in the decision making was how to treat the nonunion. Currently, 

the most popular management for a humeral shaft non-union is ORIF 

with autologous bone grafting, even if no consensus has been reached 

regarding the best treatment [6, 7].  IMN has also been used. Martinez et 

al., comparing the locking plate vs IMN, achieved 100% union rate and 

had minimal complications with both methods, and reported that nailing 

achieved earlier union with fewer complications [8]. Singh et al. also 

achieved comparable functional outcome between ORIF and IMN [6]. 

 

Another crucial point in the decision making, was the choice of the graft 

to use. When positioning the plate, an autograft is usually used, generally 

from the iliac crest. In the elderly, where the poor bone quality could 

represent a contraindication for harvesting the iliac crest, the use of 

allograft was recently advised [7]. The decision about the best way to 

treat nonunion was influenced by the second goal to achieve, which was 

to restore the function of the impaired shoulder. To do this, it was 

necessary to remove the cemented endoprosthesis and implant a new 

one. Due to the rotator cuff insufficiency, a reverse prosthesis was 

chosen. 

 

As it was mentioned before, there were two ways to achieve nonunion 

healing and restore the function of the shoulder. Choosing the plate as 

method of treatment would have meant performing at least two to three 

surgical procedure: the first one to remove the endoprosthesis, treat the 

nonunion and implanting the plate, an eventually second one to remove 

the plate and finally a third procedure to implant the new reverse 

prosthesis. It’s easy to imagine the amount of physical stress this way 

would cause to the patient, and the amount of time needed to perform it. 
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In this case it was decided to perform a single-stage procedure, which 

allowed us to save a significant amount of time and prevent the patient 

to undergo several interventions, also reducing the infective risk. The 

choice of a revision stem for the reverse prosthesis was made to use it as 

an IMN. As above illustrated, the extra log stem allowed us to surpass 

the nonunion site to give stability to the humerus. Due to the extensive 

curettage performed, an autograft from the iliac crest was not feasible. It 

was decided to use a cadaveric femur to harvest an allograft, which was 

carefully shaped to obtain a splint-like shape. This splint was then fixated 

to the humerus in a “plate-fashion” way, so to give more stability to the 

construct. The choice of using metallic cerclages to fix it, was made to 

preserve bone stock from an already poor site. 

  

A limitation of this case report was the impossibility to fully reconstruct 

the patient history before April 2017, due to lack of radiological images 

and clinical information. For these reasons it was difficult to analyze 

properly the decision-making process which guided the initial surgery. 

 

Conclusion 

 

Humeral shaft nonunion still represent a pathology that pose a serious 

problem to the surgeon. Today no consensus has been reached on the 

best way to treat them, although most surgeons seems to prefer ORIF 

with autologous bone graft. A correct management should include an 

accurate pre-operative planning, to achieve the best result possible for 

the patient. 
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