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Abstract
BACKGROUND
Clavicle fractures can rarely be associated with brachial plexus injury. These are commonly caused by tractional injury at the time of trauma, but unfrequently can be caused by compression of the brachial plexus from excessive callus or granulation tissue formation.

CASE SUMMARY
We report a rare case of an adult male who sustained a mid-shaft clavicle fracture and had a late presentation of brachial plexus palsy due to compression from excessive callus formation.

CONCLUSION
We reported a case of a rare occurrence of delayed brachial plexus palsy due to compression from excessive callus formation in a midshaft clavicle fracture. Early diagnosis and surgical decompression of the brachial plexus is critical, as when managed efficiently, a full recovery of the brachial plexus palsy can be expected in these patients.
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Core Tip: Brachial plexus palsy due to compression from excessive callus formation in a midshaft clavicle fracture is a rare occurrence. We reported a case of a of delayed brachial plexus palsy due to compression from excessive callus formation in a midshaft clavicle fracture. Early diagnosis and surgical decompression of the brachial plexus is critical for improved patient outcomes.

INTRODUCTION
Clavicle fractures are a common injury in the adult population, accounting for 2%-3% of all fractures[1-3]. While these injuries are common, an associated brachial plexus injury is considered rare with an incidence of less than 1%, while this incidence can reach 2% in displaced fractures[4,5]. These brachial plexus injuries commonly occur due to tractional injury at the time of trauma. A rare cause of brachial plexus lesion is compression due to excessive callus or granulation tissue formation and these patients typically have a late presentation[6,7].

CASE PRESENTATION
Chief complaints
A 58-year-old male was involved in a frontal impact motor vehicle accident as a restrained driver. Patient had no history of loss of consciousness and was brought by ambulance to the emergency department. Primary survey was found to be normal, while on secondary survey patient was found to have tenderness over the right clavicle with obvious deformity. In addition, patient had limited right shoulder range of motion in all planes due to severe pain. Plain radiographs diagnosed multiple right sided rib fractures (which were managed conservatively) and a right mid-shaft comminuted clavicle fracture. Neurological and vascular exam was found to be normal at the time of the initial assessment and there was no sign of skin tenting or skin breakage over the clavicle fracture.

History of present illness
Patient was immobilized in a sling and discharged with a follow up in the orthopaedic clinic in 2 wk. At the time of the follow up 2 wk post-injury, plain radiographs were performed again and re-documented a displaced mid-shaft comminuted clavicle fracture (Figure 1A). Patient again was found to have tenderness over a deformed right clavicle with pain and limited right shoulder range of motion. The neurological and vascular exam of the right upper extremity was still found to be normal. Patient was offered open reduction and internal fixation of the clavicle fracture, but patient declined surgery and opted for conservative management and was given follow up in 4 wk.
At the time of the 4 wk follow up, patients’ tenderness over the right clavicle improved and follow up imaging showed progression of callus formation at the fracture site (Figure 1B). Interestingly, patient was complaining to intermittent right upper extremity mild to moderate shooting pain but was found to have a normal motor and sensory exam of the extremity.

History of past illness
There was no significant past medical illness.

Personal and family history
There was no significant personal and family history.

Physical examination
At the following office visit at 3 mo post-injury, the patient’s shoulder and clavicle pain resolved, but patient was complaining of significant right upper extremity weakness, with inability to hold a cup in his hand and decreased grip strength. On further history, patient also gave history of loss of sensation in the hand and forearm region (C7, C8 and T1 distribution). On physical exam there was resolution of the localized right clavicle tenderness with a large bony deformity in the region. Motor power showed weakness in right upper extremity muscle power globally, but more pronounced in finger flexion, adduction and abduction, in addition to weakness in thumb flexion and adduction. On sensory exam, there was loss of sensation over the ulnar aspect of the hand and medial forearm. Distal pulses were present, including radial and ulnar pulses at the wrist.

Laboratory examinations
There were no significant laboratory examinations.

Imaging examinations
[bookmark: _Hlk145498748][bookmark: _Hlk145498838]Plain radiograph of the clavicle showed large formation of callus at the fracture site (Figure 1C). A computed tomography (CT) scan was performed which confirmed the midshaft comminuted fracture with hypertrophic callus formation around the fracture site (Figures 2 and 3). Due to the patient’s neurological deficit, a magnetic resonance imaging (MRI) of the region was performed and showed that the hypertrophic callus formation was causing compression of the brachial plexus trunks in the infraclavicular region (Figure 4).
A nerve conduction study was arranged for the patient. But as the patient was exhibiting significant neurological deficits due to brachial plexus compression from the hypertrophic callus formation, an urgent surgical decompression and clavicle open reduction internal fixation was planned.

FINAL DIAGNOSIS
Right mid-shaft clavicle fracture with hypertrophic callus formation causing compression of the brachial plexus trunks in the infraclavicular region.

TREATMENT
The surgery was performed under general anesthesia. After 2 g of intravenous cefazolin was administered, the patient was positioned in the supine position and the right upper extremity was sterilely prepped and draped up to the mid-sternal region. A direct surgical incision over the right clavicle was performed extending from the sternoclavicular joint medial to the distal clavicle laterally. The incision was performed through skin and subcutaneous tissue and hemostasis was obtained. Due to the mass effect of the callus formation over the fracture site, only a thin layer of muscle and fascia was identified and was sharply dissected through. Normal clavicle bone both medial and laterally to the fracture site was exposed to allow application of the internal fixation.
Once adequate exposure was obtained, the area of the bridging callus was carefully osteotomized using small osteotomes and a small handheld burr. The callus was then excised using the burr and small rongeur until the native fracture site was identified. After complete removal and decompression of the hypertrophic callus (Figure 5), we identified the medial and lateral end of the fracture with a small butterfly piece. We confirmed that the infra-clavicular region was decompressed, and no remanent callus or granulation tissue was still present.
The comminuted fracture was then reduced and held provisionally with pointed reduction clamps and then provisionally fixed with an anterior contoured 2.7 mm reconstruction plate and then a superior pre-contoured 3.5 mm clavicular plate was applied. Intra-operative fluoroscopic images were obtained confirming adequate fracture reduction and implant positioning (Figure 6). The wound was then copiously irrigated with normal saline. The wound was closed in layers and a sterile dressing was applied.

OUTCOME AND FOLLOW-UP
Patient was allowed gentle shoulder range of motion but instructed to avoid any weight bearing through the right upper extremity for the first six weeks post-operatively. In the early post-operative phase, patient noted significant improvement in his symptoms and formal physical therapy was initiated at 6 wk post-operatively.
At both 3 and 6 mo follow ups the patient noted improved motor function of the hand and gradual resolution of his sensory deficits. He also indicated improvement of the radiculopathic pain in the right upper extremity. Plain radiographs of the right clavicle showed progression of the fracture healing and maintained implant fixation (Figure 7).

DISCUSSION
Brachial plexus injuries are rarely caused by clavicle fractures with the majority of cases being caused by tractional injury at the time of trauma, which commonly affect the supraclavicular region of the brachial plexus. Della Santa et al[7] reported an incidence of only 1% of clavicle fractures associated with brachial plexus palsy during a 20-year period.
In our case report, the patient had a delayed palsy of the brachial plexus due to compression from the excessive callus formation. This entity is considered extremely rare, with only some case reports and case series reported in the litrature[6-9]. The resultant compression can be due to excessive callus or granulation tissue formation, hypertrophic nonunion or vascular pseudo-aneurysm[10-12]. Commonly this compression affects the infra- or retroclavicular region of the brachial plexus, and these patients have a delayed presentation with late onset neurological deficits in the ipsilateral upper extremity[8,11,13].
A high index of suspicion and careful physical exam are required to avoid misdiagnosis and delay in management. Documentation of motor and sensory exam both at the time of injury and in subsequent visits is critical to identify any evidence of brachial plexus palsy in the early phase. In addition, adequate plain radiographs and CT scan can identify any excessive callus formation or hypertrophic nonunion as the cause of compression. A CT angiogram can be indicated to rule out a subclavian pseudoaneurysm as the cause of compression[12]. Documentation of brachial plexus compression can be identified with an MRI of the clavicular and brachial plexus region, which can also identify other causes of compression (i.e., excessive granulation tissue). Nerve conduction studies and electromyography can also help identify level of compression and involved brachial plexus region.
Management of these injuries involves decompression of the brachial plexus and open reduction internal fixation of the associated clavicle fracture. Typically, these injuries have good prognosis when compared to injuries due to tractional injuries[7,8,13]. The majority of patients can be expected to have a complete neurological recovery once the brachial plexus is decompressed, and fracture adequately stabilized[4,9,14].

CONCLUSION
We reported a case of a rare occurrence of delayed brachial plexus palsy due to compression from excessive callus formation in a midshaft clavicle fracture. Early diagnosis and surgical decompression of the brachial plexus is critical, as when managed efficiently, a full recovery of the brachial plexus palsy can be expected in these patients.
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Figure Legends
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[bookmark: _Hlk145493303]Figure 1 Antero-posterior right clavicle radiograph 2 wk, 6 wk and 3 mo post-injury. A: 2 wk; B: 6 wk; C: 3 mo.

[image: WJO-14-776-g002]
Figure 2 Sequential axial images of non-contrast computed tomography scan. A-D: At 3 mo post-injury showing mid-shaft clavicle fracture with abundant callus formation.

[image: WJO-14-776-g003]Figure 3 Sequential sagittal images of non-contrast computed tomography scan. A-D: At 3 mo post-injury showing mid-shaft clavicle fracture with abundant callus formation.
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Figure 4 Sequential sagittal T2 weighted images of magnetic resonance imaging scan. A-C: At 3 mo post-injury showing mid-shaft clavicle fracture with abundant callus formation causing a mass effect on adjacent brachial plexus trunks.
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Figure 5 Clinical intra-operative picture showing the excised hypertrophied callus after surgical decompression.
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Figure 6 Superior and anteroposterior radiographs of right clavicle after open reduction and internal fixation. A: Superior radiographs; B: Anteroposterior radiographs.
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Figure 7 Anteroposterior radiographs of right clavicle at 3 mo post-surgery showing progression of the fracture healing and maintained implant fixation.
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