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Ab s t r ac t f​
The surgical treatment is being advocated for all types of displaced clavicle fractures currently. At the same time, the neurovascular and other 
serious operative complications are in rise. This article updates the applied anatomical knowledge and operative skills required for the orthopedic 
surgeon who intends to surgically fix the clavicle fracture safely.
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In t r o d u c t i o n​
The aim of clavicle fracture treatment is to attain healthy bony union 
without any dysfunction, cosmetic deformity, or other morbidity.1 
The incidence of fracture of the clavicle is 2.6–5% of all fractures in 
adults and 10–15% in children.2 The commonest site is the middle 
third of the clavicle. It expresses about 80% of all clavicle fractures 
and displaced in 73% of patients.3 The distal third fracture has 
21–28% incidence with 10–52% are displaced4 and medial end 
contributes 2% of all clavicle fractures.5

A fall onto or a direct blow to the shoulder giving an axial 
compressive force on the clavicle is the most common mechanism 
of injury for clavicle fracture.6,7

The view on middle-third clavicle fracture treatment has 
changed in the last few years. Adult patients are presenting 
with high rate of nonunions than the earlier decade while being 
managed conservatively.8 Also, the outcome after treatment been 
measured with patient-reported outcome measures which detect 
even subtle loss of function in daily activities.9–11

Two major meta-analyzes of randomized clinical trials results 
concluded that surgical fixation yielded better efficacy than 
conservative treatment for displaced mid-third clavicle fractures 
from perspective of fracture healing and appearance. Presently, 
the plate osteosynthesis, intramedullary nails, Kirschner wires, and 
other systems being used for surgical management for displaced 
clavicular fractures. Also, the consensus regard to nonsurgical 
treatment for the midshaft clavicle fracture now is the fracture 
without displacement.1,12 The operative treatment with a titanium 
elastic nail is claimed to be a safe, less invasive, and trustworthy 
treatment method for displaced uncomminuted midshaft clavicle 
fractures in adolescents.13

Considering the unstable nature of the lateral third clavicle 
fracture, the surgical treatment is justified by many surgeons at 
the moment with good functional outcome.4,14–17

Because of the rarity of medial clavicle fracture, the number of 
operative reports for this type of fracture is limited in the medical 
literature. However, few significant reports indicating the necessity 
of surgery in the medial third fractures rationally. Especially fractures 
in the skeletally immature patients, open medial third fractures with 
extensive soft tissue damage, neurovascular insult, and medial third 
fractures with sternoclavicular dislocation will need the surgical 
intervention.2,5,11,18–20

In spite of the potential advantages in the clavicle fracture 
surgery, a quantity of major complications had been extensively 
reported by the surgeons in the recent decades.1–3,18,21–27

Poor knowledge of anatomy and inability to recognize key 
structures will lead to grave complications in surgery.28 The 
purpose of this review piece of writing is to rejuvenate the applied 
anatomical knowledge and required key operative skills for the 
surgeons who intend to surgically fix the clavicle fractures in a safe 
manner (Figs 1 and 2).
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Fig. 1: Right clavicle with related vital structures
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Applied Anatomy of the Clavicular Region3,23,25

The uniquely twisted long bone, clavicle measures 13.5–14.5 cm 
in length and 17 mm in thickness having a “S” shaped cephalad–
caudad curvature. The midshaft of the bone is thinnest and not 
stabilized by any ligaments and being relatively unprotected, thus 
making most fractures to occur here. The clavicle is also closer to 
significant vital structures like brachial plexus which is 20 mm from 
the bone and subclavian artery is 18 mm from the middle third of 
the clavicle. The subclavian vein lies just behind the medial clavicle. 
The pleura extend well up to the supraclavicular space in the process 
of inspiration. The exact clavicle length should be maintained for 
the good results. While performing the clavicular fracture surgery, 
the above factors need to be considered by the operating surgeon 
and his team.

Orthopedic surgeons had reported their intraoperative 
experience of fatal complications like vascular injuries, 
pneumothorax while operating on clavicle fracture.18,25

Principles of Safe Clavicle Fracture Surgery3,23,25,29

The operating surgeon must focus on the safety concern of the 
patient while treating the clavicle fracture surgically. The steps 
of the surgery, implants, and instrumentations going to be used, 
strategies for alternate operation, and potential complications must 
be communicated clearly and sometimes overly to all the team 
members is very important.

The following key factors will elucidate and support the 
surgeons in performing safe clavicle surgery.

•	 The preoperative planning and intimating the anesthesiologist— 
The expression of operative planning to the anesthesiologist 
regard to the surgery, other plans, and expected complications 
is of paramount importance. It will make their preparedness well 
in saving the patient in case of any emergency.

•	 Position of the patient—The beach chair position provides 
anterior and lateral access to the shoulder joint. The usage of 
image intensifier is much comfortable and posterior approach 
to the shoulder will be difficult. We should not use this position 
in medically compromised patients. The head must be in neutral 
position and close monitoring of the brain’s perfusion pressure 
is needed in longer surgeries to avoid neurological, cardiac, and 
embolic phenomena.

•	 The supine position facilitates combined surgical approaches 
for a polytrauma patient but limited to anterior shoulder 
surgeries only.

•	 And regardless of the patient position chosen, the table set 
up must allow the anesthesiologist and surgical team to 
rapidly alter the position in the event of emergency.

•	 Incision for Clavicle Surgery should respect the Langer’s 
Lines and not over the Clavicle. It should be just below the 
bone.30,31

•	 Surgical approaches—Anterior approach for anterior 
and superior claviclular plating with an oblique 8–10 cm  
incision.

•	 Nailing approach is by 1–2 cm incision made just lateral to the 
sternoclavicular joint anteriorly. Blunt dissection to bone is 
made to expose the entry point of the nail. Additional same 
size of incision is made just below the middle-third fracture 
site to open reduce in situations.

•	 Minimal invasive plate osteosynthesis (MIPO)—Anterior 
approach is used for diaphyseal clavicle fractures requiring 
anterior and superior plating. Two skin incisions, each 2–3 
cm in length, are made over the lateral and medial ends 
of the clavicle corresponding in position to the ends of the 
preselected plate. A subcutaneous tunnel is created using 
blunt dissection connecting the medial and lateral incisions. 
Stab incisions are made for directly over the plate holes for 
insertion of screws, the same stab incisions are made for the 
pins and pointed reduction forceps.

•	 Superior approach to the clavicle can be used for all lateral, 
medial, and diaphyseal clavicle fractures with an oblique 8–10 
cm incision is made just superiorly over the clavicle centered 
over the fracture site.

•	 Plane of the surgical exposure—The release of soft tissues 
must be gentle and subperiosteal. There are special instruments 
available today in protecting the vital structures during clavicle 
surgery.

•	 Drill, screw direction, and depth—Considering the thickness 
of clavicle which is 17 mm, the screw length in the plate 
osteosynthesis should not be more than this.

For fixing the Medial third Clavicle Fracture—Drill/screws should 
be in superior-to-inferior direction.

For fixing the Middlethird Clavicle Fracture—Drill/screws should 
be in anterior-to-posterior direction.

Brief Notes on Specific Injuries in Clavicle Surgery and 
their Management3,8,18,23–25,32–36

Subclavian Artery Injury
Incidence: Rare.
Presentation: Life-threatening hemorrhage/palpable pulsatile 
mass/upper limb ischemia.
Level: First part of subclavian artery after medial/middle third of 
the clavicle fracture.
Management :  Hypovolemia correction and addressing 
hemopneumothorax/CT angiography with repair of vessel—Finally 
fixation of fracture.

Brachial Plexus Injury—Traction, Compression, and 
Entrapment
Incidence: 1% of clavicle fractures.

Fig. 2: Pleura extending to the supraclavicular space
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Presentation: Paresthesia/pain/posterior branches and middle 
branches involvement.
Level: Middle third of the clavicle fracture.
Management: MRI/recovery in few months—If not neurolysis/
nerve transfers.

Pneumothorax and Hemothorax
Incidence: 3% from clavicle fractures.
Presentation: Associated scapular fracture/upper ribs fracture/
reported in open reduction and internal fixation (ORIF)/dyspnea 
and surgical emphysema.
Level: Middle third of the clavicle fracture.
Management: Intercostal drainage (ICD) and later fixation of 
fracture.

Subclavian Vein Injury
Incidence: Rare occurs during primary surgery or due to callus 
compression and our attempt to remove that!!
Presentation: Life-threatening as pulmonary embolism/vein 
thrombosis—Decrease in SPO2 and hypercapnia/negative 
intrathoracic pressure.
Level: Medial third of the clavicle fracture.
Management: Submerging the wound in normal saline/occlusive 
dressing/vascular expertise/careful removal of callus causing 
compression.

Other Vessel Injuries
Pseudoaneurysm: Presents as limb-threatening ischemia and 
treated with vascular graft or stent/excellent outcome.
Arteriovenous fistula: Presents as congestive heart failure/limb 
ischemia.
Venous Injury: Air embolism—Decrease in end-tidal CO2, decrease 
in SPO2/aggressive fluid loading.

Refracture
Incidence: 4% following the removal of claviclular plate.
Level: Middle third of the clavicle fracture.
Management/Prevention: 12–18 months’ retention of plate and 
avoid sports activity for 3 months after metal exit.
Risk Factors: Alcoholism and comminuted fractures and of course 
nonunion follows!!

Thoracic Outlet syndrome
Incidence: Rare—Can be vascular/neurogenic.
Presentation: Altered sensation/venous congestion/discoloration 
of the limb, compression at the costoclavicular space.
Mostly after conservative management of clavicle fractures 
(malunion)/few in ORIF cases.
Management: Excision of callus/resection of clavicle/corrective 
clavicle osteotomy/first rib resection/anterior and middle 
scalenectomy without rib resection.

Di s c u s s i o n​
The clavicle is a special bone very closely related to neurovascular 
structures and thorax. The insult to these structures during surgery 
may lead to significant morbidity and mortality. Though the AO 
Principles of Fracture management advised the primary clavicle 
surgery in significantly displaced midshaft clavicle fracture (>20 
mm), associated subclavian vessel injury, brachial plexus injury, 
ipsilateral scapular neck fracture, and painful nonunion of clavicle 
fracture presently there are many extended indications.2,3,11,21,23,37–39

Currently, the clavicle fracture is being fixed with plate 
osteosynthesis, intramedullary fixation, and Kirschner wires 
mainly. The complications and functional outcome remain same 
for both the clavicle surgeries; however, the plate fixation has more 
neurovascular complications while compared to intramedullary 
nailing.36 There are plenty of surgeons had reported their 
neurovascular complications with plate osteosynthesis. The 
legendary Dr Neer himself had reported his vascular complications 
while operating on clavicle.1–3,18,21–27

Registration of adverse events following orthopedic surgery 
has a crucial role in patient safety and has received increasing 
attention today. The overall complication rate after orthopedic 
surgery is 12.7% in a well-established orthopedic center and 
implementation standard protocol will improve the safety and 
standard of care.27 The supervised residents in the teaching 
institution perform safe surgery to levels equal to those of senior 
orthopedic surgeons. It is established that the knowledge of 
applied anatomy of the operating region with expert skills will 
yield better results.27,40,41

Co n c lu s i o n​
Though the surgical treatment for all types of displaced clavicle 
fractures is justif ied today, the orthopedic surgeon must 
acknowledge the safety of the patient well during surgery. To evade 
the neurovascular and other serious complications, the applied 
anatomical knowledge and skills are essential for the surgeon while 
performing clavicle fracture surgery.

Et h i c a l Ap p r ova l​
This article does not contain any studies with human participants 
or animals performed by any of the authors.
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