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쇄골 골절 불유합의 재수술 후 발생한 상완신경총 신경장애 
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We performed a revisionary open reduction and internal fixation for treating nonunion of the mid-

shaft of the left clavicle with an autogenous cancellous bone graft. On postoperative day 4, the patient 

presented with neurologic deficits in the left upper extremity. We removed the implant and made a 

superior angulation to decompress the brachial plexus. At 6 months postoperatively, callus bridging 

and consolidation were visible and all hand and elbow functions were fully recovered. Our case sug-

gests that brachial plexus neuropathy may be caused by stretching and compression after reduction 

and straightening of the nonunion site around adhesions or scar tissue. Therefore, care should be taken 

whether there are the risk factors that can cause brachial plexus neuropathy when revision surgery is 

performed for treating nonunion of a clavicle shaft fracture.
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Clavicle fractures represent 2.6% of all fractures, and 

most clavicle fractures occur at the middle third of the 

clavicle.1) In general, surgical treatment can result in com-

plications such as nonunion, osteosynthesis device failure, 

pin migration, trapping of brachial plexus or subclavian 

vein, paraesthesia and dysmorphic scarring.2) Additionally, 

nonunion after surgical treatment of clavicular fractures can 

result in implant failure, shoulder stiffness, numbness below 

the scar, and infection of the donor site wound.3) There are 

many studies and case reports on brachial plexus injury, as 

it is a rare complication with potentially devastating con-

sequences. Herein, we discuss our case of brachial plexus 

injury after revision of clavicular fracture nonunion, which 

differs from previously reported cases.

http://crossmark.crossref.org/dialog/?doi=10.12671/jkfs.2020.33.1.22&domain=pdf&date_stamp=2020-01-25
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The patient was informed that data concerning the case 

would be submitted for publication, and he agreed.

Case Report

A 56-year-old, right-hand-dominant, male patient was 

transferred to our hospital for nonunion of mid-shaft cla-

vicular fracture. The patient’s first operation was performed 

at another hospital 5 months prior, where a plate and screws 

were implanted for repair (Fig. 1). His radiographs upon 

admission revealed loosening of the implant. On physical 

examination, he presented with left shoulder discomfort, 

tenderness along his fracture site of the left clavicle, and 

limited range of motion of the left shoulder secondary to 

pain. Neurovascular status was intact. When compared to 

radiographs obtained after the first operation, radiographs 

of the clavicle taken at admission demonstrated increased 

angulation of the fracture site with a visible fracture site gap 

and distal implant loosening (Fig. 1). He also had avas-

cular necrosis of bilateral femoral heads. We performed a 

revisionary open reduction and internal fixation of the left 

clavicle with an autogenous cancellous bone graft from left 

femoral head after simultaneous left total hip arthroplasty. 

We recommended right total hip arthroplasty.

The surgery of the clavicle was performed by a shoulder 

specialist at our hospital. An incision was made along the 

clavicular axis on the previous operation scar. The previous 

plate and screws leaving out a lag screw were removed. Fi-

brous and granulated tissue of the nonunion site was excised 

and the ends of each fragment were prepared with curet-

tage. Fracture reduction and fixation were achieved with a 

longer locking compression plate. The autogenous cancel-

lous bone graft from the left femoral head was packed in 

the fracture gap after total hip arthroplasty. The wound was 

closed in a layered fashion after confirmation of satisfactory 

fracture reduction and implant position with an image in-

tensifier (Fig. 2).

Postoperative neurovascular status was intact, and we 

found no abnormal findings until postoperative day 3. On 

postoperative day 4, the patient presented with numbness in 

the left hand and decreased strength. A grade 1/5 in thumb 

extension and flexion, wrist extension, and finger extension, 

flexion, and abduction was found in addition to a grade 3/5 

in wrist flexion and elbow flexion and extension. A haema-

toma formation at the operation site was suspected because 

Fig. 2. Immediate postoperative left clavicle anteroposterior view after 
the first surgery.

A B C

Fig. 1. Left clavicle anteroposterior views. (A) Initial injury radiograph. (B) Immediate postoperative radiograph at another hospital. (C) 5-month 
postoperative radiograph.
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of the acute onset of symptoms on postoperative day 4. 

On postoperative day 5, an ultrasound was performed for 

evaluation of a possible haematoma, but no definite mass or 

haematoma was found around the clavicle. On postopera-

tive day 6, diffusion magnetic resonance imaging (MRI) 

was performed to evaluate for possible acute stroke, but 

there was no evidence of acute infraction. Additionally, on 

postoperative day 6, cervical spine MRI was performed to 

evaluate the cervical spine. Cervical spine MRI demon-

strated a fibrotic mass lesion around a small bony frag-

ment inferior to the clavicle. This lesion was compressing 

the adjacent brachial plexus causing signal changes within 

the brachial plexus (Fig. 3). Based on the MRI findings, we 

removed the implant and made a superior angulation to 

decompress the brachial plexus. There was no haematoma 

intraoperatively, and we left grafted bone. We put a Velpeau 

sling on the patient’s left shoulder after surgery (Fig. 4).

On postoperative day 1, the patient presented with im-

proved strength of thumb flexion and finger flexion to a 

grade 3/5 with decreased numbness of the left hand. On 

postoperative day 3, wrist extension improved to a grade 

2/5 and left hand numbness was nearly resolved. Electro-

myography at 12 days postoperatively demonstrated diffuse 

brachial plexopathy, especially affecting the upper trunk. 

A B C

Fig. 3. Fibrotic mass lesion margin (white arrows) around the small bony fragment (white arrowheads) inferior to the clavicle, which compressed 
the adjacent brachial plexus and caused signal changes within the brachial plexus (white circle) on the (A) cervical spine T2 coronal image, (B) cervi-
cal spine T1 coronal image, and (C) cervical spine T1 enhanced coronal image.

A B C

Fig. 4. (A) Immediate postoperative radiograph after the second surgery. Callus bridging is seen on the 3-month follow-up radiograph (B) and con-
solidation processing on the 6-month follow-up radiograph (C).
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The patient underwent physical and exercise therapy until 

discharge. At the time of discharge, on postoperative day 30, 

thumb extension and finger extension and abduction were 

graded as 3/5, and all other left hand strengths were graded 

as 4/5. A Velpeau sling was not applied after discharge. On 

radiographs 3 and 6 months postoperatively, callus bridg-

ing and consolidation were visible (Fig. 4). On examination, 

there was no excess motion or tenderness at the fracture site, 

shoulder abduction and flexion were graded as 3/5 and 4/5, 

respectively, and all hand and elbow functions were fully 

recovered.

Discussion

There are several studies and case reports related to bra-

chial plexus injury from a clavicular fracture. Although a 

rare complication, brachial plexus injury represented about 

1% of lesions seen over a period of 20 years.4) A literature 

review study of 301 cases with complications after treat-

ment of clavicle fracture nonunion showed that 18 cases (6%) 

had complications related to metal work, 45 cases (15%) 

had complications related to soft tissues, 7 cases (2%) had 

complications related to scarring, and 24 cases (8%) had 

complications related to failure of union. Brachial plexus 

injury was included in the soft tissue related complications 

in 2 cases (0.7%).3) Most studies and case reports indicated 

that the main cause of brachial plexus injury after clavicular 

fracture was compression or entrapment by aneurysm, cal-

lus, scar tissue, or bone fragment. These studies report that 

symptoms of brachial plexus injury presented with a de-

layed onset of several weeks or even years.4-6) Other causes 

of brachial plexus injury include supraclavicular high energy 

traction injury and acute direct compression or stretch-

ing on the brachial plexus by fracture displacement during 

acute trauma.4,7) In these situations, the symptoms of bra-

chial plexus injury occurred acutely.7,8) In the present case, 

the patient presented with symptoms 4 days postoperatively. 

This onset of symptoms led to uncertainty as to the cause 

of the patient’s neurological deficits. The onset appeared 

delayed when compared to acute brachial plexus injury yet 

appeared premature for symptoms caused by compression 

or entrapment.

Open reduction-internal fixation with autogenous 

bone grafting is an accepted technique for the treatment of 

clavicle nonunion in cases with an atrophic fracture and/or 

shortening of the fracture site to regain the necessary clavicle 

length.9) In our case, we attempted this technique without 

shortening the nonunion site because we suspected that the 

correction of the superior angulation of the nonunion site 

would have a minor effect on length. During the second 

surgery, after confirming there was no haematoma or space 

occupying lesion causing direct compression on the brachial 

plexus, the implant was removed and a superior angulation 

was made for decompression with a goal of avoiding more 

violation of soft tissue and grafted bone.

We are unaware of any studies that examine clavicle 

lengthening during surgery as a cause of brachial plexus 

injury. Although we recognize that compression or en-

trapment is the main cause of brachial plexus injury after 

clavicle fracture, we hypothesize that, as seen in this unique 

case, a slight lengthening of the clavicle during surgery can 

cause neurologic deficit. One case report stated that an in-

ferior bony spur resulted in neurologic symptoms of brachial 

plexus injury after nonunion surgery of the clavicle, and 

the neurologic complications resolved after excision of that 

spur.8) Our case also had a small free bone fragment (Fig. 

3). This free fragment may have exacerbated compression or 

stretching of the brachial plexus when the fracture site was 

straightened during our first surgery.

Our case suggests that brachial plexus injury may be 

caused by stretching and compression after reduction and 

straightening of the nonunion site around adhesions or scar 

tissue. This injury may be exacerbated by a spur or bone 

fragment under the nonunion site. These differentials should 

be considered in patients with abnormal neurologic findings 

in the subacute phase and with a history of a normal im-

mediate neurologic examination after surgery for clavicular 

fracture nonunion.
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요    약

좌측 쇄골 간부의 불유합에 대하여 재고정 및 자가 해면

골 이식술을 시행한 후 4일째 환자의 좌측 상지에 신경학적 

이상이 발생하였다. 기구를 제거하고 상방 각형성이 되도록 

하여 상완신경총이 압박을 받지 않게 재재수술을 한 후 6개

월째 골가교가 형성되어 유합되어 가는 것이 관찰되었고, 손

과 주관절의 기능도 모두 회복되었다. 이 증례는 불유합 부위

의 유착 및 반흔 조직이 골절의 정복 후 상완신경총의 신경장

애를 야기할 수 있음을 보여준다. 따라서 쇄골 간부의 불유합 

재수술 시 주위 연부조직 상태나 골편 등의 여부를 잘 파악

하여 상완신경총 신경장애를 유발할 수 있는 요인들에 대해 

세심한 주의가 필요할 것으로 생각된다.
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ORCID

김영우, https://orcid.org/0000-0003-1851-7334

주석규, https://orcid.org/0000-0003-3813-5026

전능한, https://orcid.org/0000-0002-5509-8346

References

1.	 Rowe CR: An atlas of anatomy and treatment of midclavicular 

fractures. Clin Orthop Relat Res, 58: 29-42, 1968.

2.	 Namdari S, Voleti PB, Huffman GR: Compressive brachial 

plexopathy after fixation of a clavicular fracture nonunion: a 

case report. JBJS Case Connect, 2: e26, 2012.

3.	 Derham C, Varghese M, Deacon P, Spencer N, Curley P: Bra-

chial plexus palsy secondary to clavicular nonunion. J Trauma, 

63: E105-E107, 2007.

4.	 Della Santa D, Narakas A, Bonnard C: Late lesions of the bra-

chial plexus after fracture of the clavicle. Ann Chir Main Memb 

Super, 10: 531-540, 1991.

5.	 Jeyaseelan L, Singh VK, Ghosh S, Sinisi M, Fox M: Iatropathic 

brachial plexus injury: a complication of delayed fixation of 

clavicle fractures. Bone Joint J, 95: 106-110, 2013.

6.	 Martetschläger F, Gaskill TR, Millett PJ: Management of clav-

icle nonunion and malunion. J Shoulder Elbow Surg, 22: 862-

868, 2013.

7.	 Der Tavitian J, Davison JN, Dias JJ: Clavicular fracture non-

union surgical outcome and complications. Injury, 33: 135-143, 

2002.

8.	 Postacchini F, Gumina S, De Santis P, Albo F: Epidemiology of 

clavicle fractures. J Shoulder Elbow Surg, 11: 452-456, 2002.

9.	 Mouzopoulos G, Morakis E, Stamatakos M, Tzurbakis M: 

Complications associated with clavicular fracture. Orthop Nurs, 

28: 217-224; quiz 225-226, 2009.


