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1 Nonunion of Fracture Midshaft Clavicle

 █ Introduction

Approximately 2 to 5% of all fractures in adults involve 
the clavicle. There is bimodal age distribution with males 
younger than 30 years and older than 70 years having a 
higher incidence of clavicle fracture. In adults, more than 
two-thirds of these fractures involve the diaphysis and are 
more likely to be displaced (DMCF [displaced midshaft clavi-
cle fracture]), in comparison with either medial or lateral end 
fractures. Historically, traditionally, and anecdotally clavicle 
fractures irrespective of their location and displacement were 
considered a benign injury that gave uniformly good results 
with nonoperative treatment. In the last decade, with better  
follow-up, research methodology, and a renewed realization 
that all clavicle fractures do not behave in a similar fashion, 
particular attention has been placed on nonunions and mal-
unions of displaced clavicle fractures.

 █ Predicting Risk of Nonunion

The fate of a conservatively treated DMCF is either a malun-
ion or a nonunion. Persistence of a fracture line on an X-ray 
at an arbitrary duration of 24 weeks has been the generally 
accepted radiologic criterion for establishing the diagnosis of 
a nonunion of fracture clavicle. The incidence/prevalence of 
“symptomatic” nonunion after a conservatively treated frac-
ture clavicle is around 5%. However, this increases to approxi-
mately 15 and even up to 20% when displaced fractures have 
been treated nonoperatively. Various studies have been con-
ducted, both retrospective and prospective to look at the 
incidence of nonunion and, particularly, to develop models 
to predict the risk factors that can lead to nonunions. Notable 
among these is the work conducted by the Edinburgh group 
(Robinson et al), which came up in 2004 with risk factors to 
predict the occurrence of nonunion based on patient and frac-
ture characteristics. As per their study, following a diaphyseal 

fracture of the clavicle, the risk of nonunion increased with 
(1) advancing age, (2) female sex, (3) initial displacement of 
fracture more than 2 cm, (4) presence of comminution, and 
(5) lack of cortical apposition. Another study by Clement et al 
also from Edinburgh has published in 2016 the role of smok-
ing and overall functional disability (DASH scores > 35) at 6 
weeks to also reliably predict nonunions early. The absence 
of these reduced the overall risk to 2%, whereas when one of 
them was present the risk was 20%, and both being present 
increased the nonunion risk to 44% (bone joint, January 2016).
This information is important while counseling a patient with 
DMCF, and also cessation of smoking is considered an integral 
part of management. If all DMCFs were treated operatively, 
it would take 7.5 surgeries to prevent 1 nonunion. However, 
if fractures with a predictive probability of greater than 40% 
were offered surgery, this number would come down to 1.7. 
Thus it is highly important to understand the risk factors lead-
ing to nonunion so that appropriate patients can be offered 
surgery to bring down the financial and social burden of non-
union and also reduce unnecessary surgical intervention.

 █  Asymptomatic Nonunion of Clavicle: Does It Even 
Exist?

Period of 24 weeks is accepted arbitrarily as a guideline for 
radiologic nonunion of the clavicle. Similarly, if a nonunion 
persists radiologically at 1 year and the person has minimal 
or no symptoms, the term “asymptomatic nonunion” of the 
clavicle has been used. This is also completely arbitrary with 
little science behind it. There is great paucity of literature 
regarding the long-term follow-up of these so-called asymp-
tomatic nonunions. Considering the fact that there is bimodal 
distribution of fracture clavicle, it is very likely that a man in 
his thirties with an “asymptomatic” nonunion of the clavicle 
will present, as they have done sporadically in my practice, 
10 years or even later with symptoms of pain and varying dis-
ability and radiologic signs of impingement and a persistent 
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nonunion (Fig. 1.1A, B). Based on this personal and, rather, 
anecdotal experience, it would be worthwhile to encourage 
patients with a diagnosed nonunion to seek treatment earlier, 
rather than on a later basis.

 █ Diagnosis of Clavicle Nonunion

With a history of trauma, varying period of immobiliza-
tion and the presence of imaging make the diagnosis a fairly 
simple one. However, the symptomatology may vary widely. 
On the one end, we have patients with minimal or no symp-
toms, and on the other end, there will be a small cohort who 

have extreme disability due to pain, weakness, and even occa-
sional neurologic impairment due to what has been perceived 
as traction plexopathy of the brachial plexus. A vast major-
ity of patients will lie somewhere in between with mild to 
moderate pain, deformity, abnormal mobility, and a general 
impairment of strength and endurance of the affected shoul-
der girdle. Plain X-rays mostly suffice for making a diagnosis. 
If significant atrophy or overlap is perceived, it may be worth-
while to have an X-ray of the chest with both the clavicles 
so that an estimation of shortening can be made. In some 
doubtful cases of hypertrophic nonunion, a computed tomo-
graphic (CT) scan will clearly show the presence of nonunion  
(Figs. 1.2 and 1.3).

 Fig. 1.1   (A, B) Patients presenting more than 10 years after an “asymptomatic” nonunion of the clavicle. The reason was shoulder girdle 
pain. Both X-rays show signs of degenerative changes, subacromial spur, and impingement.
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 Fig. 1.4   Excellent union achieved by a conventional DCP, well-
contoured placement on the superior surface.

 █  Treatment of Established Nonunion of 
Midshaft Clavicle Fracture

Once the diagnosis of a nonunion of a fracture clavicle is made, 
the treatment is essentially surgical. Nonoperative methods 
to obtain union have been tried and reported, particularly the 
use of electric stimulation by pulsed electromagnetic fields, 
but most authors share the view that there is little role for 
this form of treatment. Once surgery is indicated, open reduc-
tion and plate fixation is the most commonly used method 
described in the literature. Most surgeons in the prelocking 
plate era have extensively used and reported on the use of 
dynamic compression plate (DCP), limited contact–dynamic 
compression plate (LC-DCP), and reconstruction AO plates 
with high success rates (Fig. 1.4). One-third tubular plates 
are inherently weak, and although its use has been reported, 
it should clearly be avoided; 89 to 97% union rates have been 
achieved with conventional osteosynthesis techniques, along 
with use of autologous bone graft. Reconstruction plates have 
been preferred by some authors for their easy adaptability 

 Fig. 1.2   Plain X-ray showing 
hypertrophic callus 
with a doubtful union.

 Fig. 1.3   CT of the same patient showing a very clear nonunion.
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and contouring. Plates applied on the superior surface may 
have a biomechanical advantage; however, it may require 
more precise contouring and appear more prominent, espe-
cially in thin and lean individuals. When using conventional 
plates, at least three screws on either side of the fracture have 
been advocated for sufficient stability. When this is not pos-
sible, orthogonal double plating has also been advocated by 
Sadiq et al with excellent results. Kabak et al in 2004 made 
a head-to-head comparison between DCP and LC-DCP, and 
found better results in the LC-DCP group in terms of time 
to union and overall union rates. Whenever conventional 
plates are used, there is a 10 to 30% reoperation rate for plate 
removal. Intramedullary implants have also been used and 
reported for clavicle nonunions (Rockwood et al) but have not 
gained wide popularity.

Over the past decade, a plethora of newer locking precon-
toured, low-profile clavicular plates have now been widely 
available. These plates give the surgeon the flexibility to 
choose specific plates that are applied on the superior or ante-
rior surface or even a combination of the two, depending on 
surgeon preference or fracture location and type. They have 
the added advantage of locking screws that can be used in 
poor bone or in conjunction with compression screws making 
a hybrid construct. In the author’s personal practice, these 
plates have now completely replaced conventional plating 
systems, with excellent results, almost completely obviating 
the need for implant removal.

 █ Role of Bone Grafting
Bone grafting has been considered as an integral part of all 
nonunion surgery, including clavicle. Considerable shortening 
occurs in long-standing clavicle nonunions as well as atrophic 
nonunions, and cancellous or even intercalary grafts have 
been used to achieve normal length of the clavicle and aid in 
union. Some recent studies have been published, which sug-
gest equally good results in both atrophic as well as hyper-
trophic nonunions without the use of distant autograft (Baker 
et al) while using modern precontoured plates. More data 
need to be assessed before recommendations can be made 
regarding not using bone graft in all clavicle nonunions.

 █ Surgical Technique
To maximize the chances of success and reduce complica-
tions, meticulous surgical technique should be adhered 
to. The author’s personal preference is to operate these 
cases on a dedicated shoulder table in beach chair position  
(Figs. 1.5 and 1.6). Although a “neck line” vertical incision is 
described, which is more in line with the Langer’s lines, for 
midshaft fractures the author prefers an incision parallel to 
the long axis of the clavicle. This is taken at the inferior border 
of the clavicle, and the wound “transferred” over the clavi-
cle. This prevents a stitch line directly over the bone. Further 
dissection is carried down to the bone, without creating large 
flaps. It has to be borne in mind that medial and lateral supra-
clavicular nerves are nearly constant in their existence, with 
nearly 50% of the individuals having an intermediate supra-
clavicular nerve. To reduce the occurrence of postoperative 
loss of cutaneous sensations around the scar and chest wall, 
it is advisable to identify and preserve these nerves whenever 
possible. The nonunion is exposed subperiosteally, and in case 
of atrophic nonunion, the sclerotic bone ends are freshened 

 Fig. 1.5   The patient is placed in a beach chair position on a 
special shoulder table.
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and the medullary canal opened. Autologous iliac crest bone 
graft is harvested. In case of hypertrophic nonunions, the ext-
racallus and the excessively enlarged bones are shaved down 
to facilitate proper fitting of the plate. Interposition of tissue 
is frequently found and needs to be excised. Once the bone 
is adequately prepared, usually a seven- or an eight-hole, 
precontoured anatomical plate is used to definitively fix the 
fracture. At least three cortical screws are used on either side 
of the fracture for adequate fixation. If an intercalary graft is 
used, it is desirable to fix it with a screw as well. Wound is 
closed in layers, with subcuticular closure of the skin. Without 
a drain (Figs. 1.7–1.12), postoperatively all patients are man-
aged with a simple sling. Mobility is gradually increased over a 
period of 4 to 6 weeks. Vast majority of fractures heal between 
8 and 12 weeks.

 Fig. 1.6   Surface marking of the clavicle and fracture helps in 
making a precise incision.

 Fig. 1.7   Hypertrophic nonunion.

 Fig. 1.8   Atrophic nonunion.
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 Fig. 1.9   Hypertrophic nonunion fixed with an anatomical plate 
with locally harvested bone graft.

 Fig. 1.10   Atrophic nonunion fixed with anatomical plate and iliac 
crest bone grafting.

 Fig. 1.11   (A–C) Hypertrophic nonunion case at 12 weeks post-op X-ray showing complete union. 
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 █ Conclusion

A DMCF has a higher chance of going for a symptomatic non-
union than previously believed. Once nonunion is established, 
surgical intervention is mandated. Plate fixation with or with-
out distant autograft may be considered a gold standard for 
fixation. It is imperative for the operative surgeon to be aware 
of the potential dangers of operative management, just as 
in an acute fracture, especially the neurovascular proximity 
and adhere to a meticulous surgical technique to achieve the  
best results. Fig. 1.12   Postoperative well-healed scar.
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