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Abstract

Nonunion is defined as “established when a minimum of 9 months has elapsed since injury and
the fracture shows no visible progressive signs of healing for 3 months”. The incidence of
nonunion after operative treatment of humeral shaft fractures has been reported to range between
2.5% and 13%., we report the case of a 55-year-old woman with multiple comorbidities who
presented to the emergency department at our institute 9 months post open reduction with internal
fixation of the right humeral shaft after hearing a sudden pop associated with severe pain while
performing daily activity with no significant trauma. Our case reveals how problematic humeral
shaft nonunion can present, with our patient undergoing four revisions after the primary surgery
to reach full radiological and clinical union, with an estimated period of 21 months after the last
surgical revision. Functionality was fully restored, and no residual issues were encountered.
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Introduction

Nonunion was defined by the American Food and Drug Administration (FDA) in 1988 as “established when
a minimum of 9 months has elapsed since injury and the fracture shows no visible progressive signs of
healing for 3 months” [1]. It can be classified according to the vitality and healing potential of the fracture
as hypervascular or avascular nonunion [2]. Humeral shaft fractures represent 3% of all managed fractures
and occur with an incidence of 13 per 100,000 per year [3,4]. The incidence of nonunion after operative

treatment of humeral shaft fractures has been reported to range between 2.5% and 13% [5-8].

Various methods have been reported for treating humeral shaft nonunion, but fewer are described for
recalcitrant nonunion [9]. The purpose of this report is to present a possible option for treating recalcitrant
humeral shaft fracture nonunion by presenting a case that required five procedures. Multiple modalities
were used with limited success, and union was ultimately achieved by using a titanium mesh cage , reamer-
irrigator-aspirator autograft, a long proximal humerus locking plate augmented with a 90 degrees 3.5 cm

locking compression plate, and recombinant human bone morphogenetic protein-2 (rhBMP-2).
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Case Presentation

We present a case of recalcitrant humeral shaft nonunion in a 55-year-old obese female with type Il diabetes,
hypertension, and dyslipidemia. She sustained a rt humeral fracture in September 2017 and was treated at
other facility with regular with 3.5 LC-DCP using 2 lag, 2 cortical, 6 locking , and 23 June 2018, she
presented to the emergency after hearing a sudden pop associated with severe pain while performing daily
activity with no significant trauma. Clinical examination revealed a healed surgical scar on the lateral aspect
of the right arm, tenderness on palpation over the mid portion of the right arm, limitation of movement of
the right shoulder and elbow due to pain, and intact distal pulses with no neurological deficits. Imaging in
the form of X-rays revealed non-united right humeral shaft fracture. The fracture edges were smooth and
partly sclerotic, with failure of a 3.5 mm locking compression plate was present in the form of plate fracture
and screw pull-out at the level of the fracture (Figure 1). Laboratory investigations were negative for

infection.

Figure 01
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The patient was admitted and on 27 June 2018 underwent revision open reduction and internal fixation with
the same surgical approach as the previous surgery. The fracture surfaces were trimmed until punctate
bleeding was observed, and then the fracture was fixed with dynamic compression plating using a 10-hole
45 mm plate. An allograft was applied in the form of cancellous chips and putty bone substitute.

Postoperative radiographs are shown in Figure 2.

i

Figure 2

On serial follow-ups, the patient was asymptomatic clinically and had no evidence of healing on
radiographs. Then, on 15 May 2019, around 9 months post first revision she reported persistent localized
pain to the fracture site, and with radiographic evidence of complete resorption of the allograft and non

healed fracture a nonunion diagnosis was established (Figure 3).
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Figure 03

Options was discussed and The decision was made to take the patient for surgery for the third time “second
revision” onl7 June 2019. The sclerotic bone was excised, which accounted for 2.5 cm in length, and
replaced with a tricortical iliac crest strut autograft, cancellous graft, and putty bone substitute. The same
plate was applied, and new screws were used to hold the graft in place. The remaining screws were inserted,

and the device was stable intraoperatively. Postoperative radiographs are shown in Figure 4.
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Figure 4
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One month postoperatively, on 29 July 2018 the patient heard a pop sound and felt sudden pain while
performing physiotherapy. Examination revealed slight motion at the fracture site associated with pain.

Radiographs showed four broken screws with displacement of the plate distally (Figure 5).

Figure 05

The patient was admitted and taken for her fourth surgery (third revision) on 1 August 2020. The implant
and iliac crest bone graft were removed. Fibrous tissue was debrided, and fracture edges were freshened
and medullary canals reopened. A 5 cm fibular autograft was harvested and placed in the bone defect, and
fixation was performed with a broad 4.5 cm locking compression plate with cemented screws for proximal

fixation. Postoperative radiographs are shown in Figure 6.
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Figure 06

On serial follow-ups, the patient showed slow healing up to 6 months postoperatively. Follow ups continued
for another 6 months but showed no progression of callus. Arrested partial healing was confirmed on CT
scans, despite stable fixation, and the patient was symptomatic in the form of pain limiting daily activities.
A bone scan was performed to evaluate for infection as the cause of partial healing and showed no evidence

of infection. Radiographs at the 1-year follow-up are shown in Figure 7.

Figure 07
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At that time, the primary surgeon decided to transfer the case to the Trauma unit, where the patient was
reviewed thoroughly and all necessary investigations was made, after detailed discussion of the case and
the options, we decided to go for another revision but with some tactical modifications. The patient was
taken for yet another surgery, for the fifth time (fourth revision) on 30 November 2020. The same incision
site was used, and the previous plate was removed and sclerotic bone debrided. An intramedullary
cancellous bone graft was obtained from the patient’s left femur with the aid of a reamer-irrigator-aspirator.
A titanium mesh cage was used to bridge the bone defect, and the graft from the left femur intramedullary
canal was packed inside the titanium mesh cage. Primary fixation was obtained with a long proximal
humerus locking plate laterally and augmented with a 3.5 cm locking compression plate anteriorly sat 90

degrees orientation.

Finally, 5.6 mL of rhBMP-2, on an absorbable collagen sponge carrier (ACS), was applied to the nonunion
site. Postoperative radiographs are shown in Figure 8. Postoperatively, the patient suffered radial nerve
neuropraxia, managed with splinting, and fully recovered 5 months postoperatively. Serial follow-ups for
21 months postoperatively showed complete healing clinically and radiographically, restoration of
functional range of motion with the help of physiotherapy, and a painless functional limb. Radiographs are

shown in Figure 9.

Figure 08
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Figure 09

Discussion

Despite advancements in surgical techniques and equipment, cases of fracture nonunion are still
encountered in clinical settings. Humeral shaft nonunion after failed surgical management can represent a
challenge in achieving union and pain-free function. Various techniques have been described in the literature
for managing recalcitrant humeral shaft nonunion [5,9-11], and multiple studies describe how humeral shaft
nonunion can be managed with different approaches, including interlocking nail fixation, llizarov external
fixation, and internal plate fixation with autologous iliac crest bone graft or vascularized fibular graft, which
aims to provide adequate fixation across the fracture site and improve the local biomechanical environment
and blood supply [12-14].

In our case, various methods were utilized before full radiological and clinical healing were achieved as
multiple revisions were required. Applied methods included first trying to address nonunion with open
reduction and internal fixation, as suggested by a recent study reporting a high rate of union following
nonunion, even in recalcitrant nonunion, utilizing the same surgical approach from previous surgery [15].

However, this first revision surgery showed no evidence of radiological healing in our case.
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In the second revision surgery, a tricortical iliac crest strut autograft, cancellous graft, and putty bone
substitute were utilized. However, aggressive physiotherapy led to failure due to broken screws and plate
displacement. Bone grafting has been shown to be effective in dealing with nonunion cases, with high
success rates and fewer complications following the surgery [16]. The third revision was emergently
performed with removal of the previous iliac crest bone graft. However, this time we applied a fibular
autograft with locking compression plating and cemented screws. This method, utilizing compression
plating and screws was found effective with or without grafting, and was proposed to facilitate bone healing,
especially in younger patients [17]. However, in our case, slow healing followed by arrested healing was

found during follow-ups.

Final revision surgery was performed with an intramedullary bone graft from the patient’s left femur,
together with a titanium mesh cage to bridge the bone defect. The graft from the left femur intramedullary
canal was packed inside the titanium mesh cage, and primary fixation was obtained with a long proximal
humerus locking plate laterally, augmented with a 3.5 cm locking compression plate anteriorly. Finally, 5.6

mL of rhBMP-2 on an ACS was applied to the nonunion site.

Regarding titanium mesh cage utilization, one case is reported in which the patient had a defect of 8 cm
following a gunshot. The patient was treated with external fixation for 4 months until soft tissue allowed
for definite fixation, which was carried out utilizing a cylindrical titanium mesh cage that was packed with
cancellous allograft and demineralized bone matrix and stabilized by compression plating. Union was

achieved after 13 months, with no residual complications [18].

As described earlier for cases requiring multiple revisions, dual plating has been proved to improve the rate
of healing following nonunion of humeral shaft fractures. Dual plating has multiple benefits, including axis
correction, compression, and osteogenesis stimulation with grafting, all achievable during one surgery [19].
The success rate of achieving union with the use of dual compression plates in combination with autogenous
grafting has been reported to be between 92% and 100% [20,21].

Utilization of rhBMP-2 has been proved effective in treating nonunion through its osteogenic and
osteoconductive properties [22]. It has been described in multiple studies and proved to accelerate bone
healing, which makes this a valid and noteworthy option when dealing with long bone nonunion cases [23].
In our case, rhBMP-2 was utilized in the final revision in combination with dual compression plating, and

the patient achieved healing in a period of 5 months, which was in support of the literature.
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The final revision surgery was the key surgery for reaching complete radiological and clinical healing,
despite the presence of postsurgical radial nerve neuropraxia, which was managed with splinting, and the
patient made a full recovery after 5 months. Restoration of functionality and range of motion was achieved
with the aid of physiotherapy during the recovery period.

Conclusion

As shown in our case of how problematic humeral shaft nonunion can present, which necessitate in our
opinion that such cases should be handled by a specialized trauma team. our patient underwent four revisions
after the primary surgery to reach full radiological and clinical union, with an estimated period of 21 months

after the last surgical revision. Functionality was fully restored, and no residual issues were encountered.
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