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INTRODUCTION 

Clavicle fractures are common and generally occur in young, physically active 

individuals. Traditionally clavicle fractures were classified and described according to 

the location of the fracture; fractures to the clavicle shaft and fractures to either in the 

medial or lateral end of the clavicle. This thesis will focus on the management of 

clavicle shaft fractures. The management of clavicle shaft fractures has been a 

controversial topic. Historically these fractures were viewed as benign and treated 

conservatively with good outcomes described. More recent studies suggested that, 

particularly in the case of displaced and shortened fractures, surgical management is 

likely to result in better outcomes. The best method of treatment for these more 

complex fractures has been a topic of debate with various positive and negative 

aspects attached to each treatment modality. These treatment options can be 

classified into two groups – intramedullary and extramedullary fixation. Extramedullary 

fixation is the most commonly used modality of treatment, but high complication rates 

and high rates of secondary operative procedures to remove the hardware has made 

this modality less than ideal. Intramedullary fixation holds the advantage of less 

invasive surgical techniques, less soft tissue dissection and periosteal stripping with 

potentially higher union rates, but its use has been limited by the risk of hardware 

migration.  

In the last decade an intramedullary nail was designed that has a medial flexible part 

to better adapt to the anatomical shape of the clavicle. This allows wider bridging of 

the fracture site providing better fixation. The device is also locked into place by a 

gripper system at its medial end and a lateral locking screw. This potentially negates 

the risk of hardware migration. Limited clinical data proving the efficacy of this device 

is available and clear indications to use the device have not been established. It is 

postulated that this device will give comparable union rates and functional outcomes 

to patients treated by traditional extramedullary fixation, but with superior cosmetic 

result and a shorter surgical time.  
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RESEARCH QUESTIONS AND AIMS 

The aim of this PhD study is to determine whether a novel locked intramedullary 

device, which is used in the treatment of clavicle shaft fractures, can restore the 

anatomy and function of the shoulder as effectively as anatomical contoured locked 

plating.  

 

Main research question 

Is the Sonoma CRx intramedullary nail able to achieve union and restore function of 

the affected shoulders in patients sustaining displaced and shortened clavicle shaft 

fractures and is it as effective as treating these fractures with anatomical contoured 

locked plating? 

We hypothesized that the intramedullary nail would be as effective as an anatomical 

contoured locking plate to achieve union and restore shoulder function in patients with 

displaced and clavicle shaft fractures. 

 

To answer this question, a series of studies were done and is consequently presented 

in six research chapters and one summery and conclusion chapter. Each of the six 

research chapters presents a response to unique aims and research questions, while 

chapter 7 provides an overview of the scientific findings of the thesis chapters and 

answers the overall main question of this thesis. 

 
Sub-research questions 

Chapter 1 aims to present a thorough overview of the literature with special emphasis 

on the intramedullary fixation of clavicle shaft fractures. 

The research question is: Can the available literature indicate whether intramedullary 

or extramedullary fixation of clavicle shaft fractures is superior? 

The hypothesis is that the literature would not be able to provide a clear answer to this 

research question. 
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Chapter 2 aims to describe the epidemiological profile of patients presenting with 

clavicle shaft fractures in a developing country. 

The research question is: How common are clavicle shaft fractures in a tertiary hospital 

in South Africa and what is the epidemiological profile of these patients? 

The hypothesis is that the epidemiological profile of patients presenting with clavicle 

shaft fractures in a developing country will differ from the epidemiological profile of 

patients presenting in the developed world. 

 

Chapter 3 aims to report on the use of the novel intramedullary device in consecutive 

patients presenting with displaced and shortened clavicle shaft fractures to determine 

whether this device is effective. 

The research question is: Can the Sonoma CRx intramedullary nail successfully treat 

displaced and shortened clavicle shaft fractures presenting to a tertiary hospital in 

South Africa?  

The hypothesis is that the device can be used effectively to treat displaced and 

shortened clavicle shaft fractures. 

 

Based on the experience gained and presented in Chapter 3, Chapter 4 aims to 

provide a detailed description of the surgical technique used when implanting the novel 

Sonoma CRx device. 

The research question is: Can a reproducible and safe surgical technique be described 

to guide other surgeons in the effective use of a novel intramedullary device? 

The hypothesis is that such a technique can indeed be described, effectively 

communicated and distributed. 

 

Based on the findings presented in earlier chapters, the aim of Chapter 5 is to 

compare the treatment outcomes of patients with clavicle shaft fractures who were 

randomly treated using either traditional anatomically contoured locked plating 

(extramedullary fixation) or the novel locked intramedullary device. 
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The research question is: How effective is the Sonoma CRx intramedullary nail 

compared to traditional anatomically contoured locked plating of shortened and 

displaced clavicle shaft fractures in achieving union and restoring functional capacity 

of the shoulder? 

The hypothesis is that the intramedullary device, due to its unique properties, will 

provide superior functional and anatomical results when compared to traditional 

extramedullary fixation. 

 

Chapter 6 summarises and discusses the results presented in the preceding six 

chapters. Relevant additions to existing knowledge on the subject are highlighted and 

areas for further study are identified. 
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CHAPTER LAYOUT 

 

 

 

 

 

 

 

Figure 1. Overview of the chapter layout of the thesis.  

 

Chapter 1 of the thesis presents a review of current literature on clavicle shaft 

fractures. Emphasis is placed on the management of displaced and shortened 

fractures treated by intramedullary fixation. 

In Chapter 2 the epidemiological profile of patients presenting with clavicle shaft 

fractures in a developing country is described to thus illustrate the extent of the 

pathology.  

Chapter 3 describes the outcomes of consecutive patients with displaced and 

shortened clavicle shaft fractures treated with the novel device as a pilot study. 

The surgical technique used to implant this novel intramedullary device, as based on 

experiences gained during the pilot study, is described in detail in Chapter 4.  

In Chapter 5 this device is compared to the gold standard of treatment in a randomised 

controlled trial to determine whether it is more effective. 

In Chapter 6, the findings of chapters 1 to 6 are summarized and discussed to answer 

the main research question of this thesis. 

 

 

 

Chapter 1: Literature review 

Chapter 2: Epidemiology study 

Chapter 3: Cross sectional study 

Chapter 4: Surgical technique 

Chapter 5: Randomized controlled study 

Chapter 6: Summary and conclusion  
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MANAGEMENT OF CLAVICLE SHAFT FRACTURES WITH INTRAMEDULLARY 
DEVICES: A REVIEW OF CURRENT CONCEPTS 

 

 

 

 

 

 

 

 

 

 

 

 

The article has been submitted for publication as: 

P.R. King, R.P. Lamberts. Management of clavicle shaft fractures with intramedullary devices: 
a review of current concepts. Expert Review of Medical Devices 2019 – In review. 
 
Impact factor: 2.2 

Ranking: #42 of 80 in Engineering and Biomedical Science (ISI Web of Science) 

  

Stellenbosch University https://scholar.sun.ac.za



Chapter 1 

2 

 

  

Stellenbosch University https://scholar.sun.ac.za



Chapter 1 

3 

 

ABSTRACT 

The clavicle is a bone frequently fractured through a number of mechanisms. These fractures 

commonly affect young individuals who are economically and physically active. The 

management of clavicle shaft fractures has, in recent times, evolved from being purely 

supportive to more aggressive and invasive approaches in a significant percentage of 

fractures. Minimally displaced fractures are benign, heal with excellent results and generally 

exact little attention. However, it has been shown that displaced and shortened fractures have 

high non-union and malunion rates. These mal- and non-united fractures are symptomatic in 

the majority of patients and may result in significant morbidity. An operative approach is 

generally considered the procedure of choice when dealing with these complicated fractures. 

However, the question as to what constitutes the best course of action when dealing with these 

more complex fractures has been widely debated and various positive and negative aspects 

have been attributed to each treatment modality. The treatment options can be broadly 

classified in two groups – intramedullary and extramedullary fixation. Extramedullary fixation 

has, over time, become the most commonly used modality of treatment. However, high 

incidence of complications together with high rates of secondary operative procedures to 

remove the plate have shown this modality to be less than ideal. Intramedullary fixation holds 

the advantage of employing less invasive surgical techniques resulting in less soft tissue 

dissection and periosteal stripping, thus yielding potentially higher union rates. Its use, 

however, has been limited due to the risk of hardware migration and high rates of secondary 

operations to remove said hardware.  

 

Level of evidence: 2 

 

Keywords: clavicle fractures, intramedullary nail, orthopaedic surgery, review 
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EPIDEMIOLOGY OF CLAVICLE FRACTURES 

Clavicle fractures are common fractures comprising 2, 6 to 4% of all adult fractures 

and accounting for 35% of injuries to the shoulder girdle.1 The annual incidence of 

clavicle fractures varies between 29 and 64 per 100 000 population per year.1 Nowak 

et al. ascertained the incidence of clavicle fractures to be 70 per 100 000 in males and 

30 per 100 000 in females.2 Postacchini et al. noted, in their series of 535 isolated 

clavicle fractures, that 68% of these occur in men with the left clavicle being affected 

in 61% of patients.3 In addition, they ascertained that middle third clavicle fractures 

account for 81% of clavicle fractures and are displaced in 48% and comminuted in 

19% of cases. Robinson et al. reported that middle third fractures comprise 69% and 

medial third fractures 2% of fractures whilst lateral third fractures account for the 

balance.4 The mean age at time of injury is 33 years with a male to female ratio of 2.6 

to 1 and the ratio of left to right clavicle fractures 1.28 to 1. They further identified the 

highest incidence of fractures to be in males, 13 to 20 years of age.4 

Stanley et al. noted the first, and highest, peak of clavicle fractures to be in males 

younger than 30 years with the second peak occurring in females aged 80 years and 

older.5 These latter fractures are thought to be related to osteoporosis.  

The mechanisms of injury which results in middle third clavicle fractures can be divided 

into direct and indirect trauma. Indirect trauma to the clavicle occurs with falls onto an 

outstretched hand or, more commonly, falls onto the point of the shoulder. These 

fractures commonly occur during sporting activities including mountain biking or horse 

riding. Direct trauma inflicted by a blunt or penetrating mechanism can result in a 

clavicle fracture. Postacchini et al. identified motor vehicle accidents to be the main 

mechanism of injury.6 Stanley et al. noted that fractures which occur in the elderly 

generally happen secondary to low energy falls from standing.5 Nowak et al. identified 

bicycle accidents as the most common mechanism of injury with sporting injuries 

resulting in most clavicle fractures in males.2 Zhu et al. reported that the vast majority 

of fractures in an urban Chinese population were as a result of road traffic accidents.7 

Nordqvist et al. noted, in a series of 2035 fractures, a significant increase in the 

incidence of clavicle fractures during the 35 year period of his review.8  

An interesting study in China identified alcohol abuse, increased age, smoking, lack 

of sleep and a history of previous fracture/s to be risk factors which increase the 
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possibility of sustaining a clavicle fracture in the future.9 High energy injury 

mechanisms are associated with an increase in fracture comminution, associated 

injuries and the incidence of open fractures.10,11  

Although these fractures are commonly encountered, little is known about the 

epidemiology of fractures seen in an African population. No epidemiological studies of 

patients presenting with clavicle fractures in an African setting have been done. The 

epidemiology has been widely studied in first world populations, but it is unknown 

whether this data is applicable to the third world. 

 

ANATOMY OF THE CLAVICLE 

The clavicle consists of cancellous bone, enveloped by cortical bone, which is much 

thicker in its middle 3/5th than in the lateral and medial fifths.12 The configuration of 

the clavicle presents a double curvature – a convex anterior curve in the medial half 

and a concave anterior curve in the lateral half. It has an apex superior curvature 

located in the medial half of the clavicle.13 The cross-sectional anatomy of the clavicle 

differs in shape along its length. Distally the outer third is virtually flat, the medial third 

is prismatic and the middle third is circular in shape.12  

The clavicle is the first bone in the body to ossify (5th week of fetal life) as well as the 

only long bone to ossify by intramembranous ossification without going through the 

cartilaginous stage.12 The medial growth plate of the clavicle is the last growth plate in 

the body to close, usually between 22 and 25 years of age.12 The clavicle articulates 

medially with the sternum at the sterno-clavicular joint and laterally with the acromion 

at the acromio-clavicular joint. 

 

Anatomical variations of the clavicle 

Based on gender and age, the clavicle can vary substantially in size and shape.12 

Andermahr et al. reported that clavicles in females are generally shorter, less curved 

and that they contain a lower calcium concentration.14 In line with this, Daruwalla et al. 

reported, based on 3D computer tomography reconstructions, that the clavicle bones 

of males are generally longer, wider and thicker than those of females.13  
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Bortier et al. evaluated 90 clavicles in males and females through the use of computer 

tomography and reported an average length of 163 ± 11mm.15 In addition, they 

reported that the clavicle length between the right and the left side tends to differ by 

1.2% whilst, on average, clavicles were 9% longer in males. In line with this, Bortier et 

al. further noted that the sternal (18%) and acromial curvature (4%) were substantially 

less pronounced in females than in males.15 In line with the previous studies, King et 

al. also reported differences in length between the right and left clavicle. In this study, 

however, no curvature differences were noted between the right and left clavicle.16 

 
Clavicle anatomy and intramedullary fixation of clavicle shaft fractures 

Andermahr et al. analysed 196 cadaver clavicles to determine the anatomical 

variations in the medullary canal and its suitability to intramedullary fixation.14 They 

ascertained the narrowest portion of the canal to be at the midpoint of the clavicle -6.7 

± 2.6mm in diameter. They also discovered the cortex to be at its thinnest at the dorsal 

aspect of the lateral clavicle and the ventral aspect of the medial clavicle. This 

represents the insertion points for commonly used intramedullary devices, but also 

areas at risk for cortical perforation. 

In a computer tomography study of clavicle anatomy, King et al. reported the size of 

the medullary canal adequate to accommodate most intramedullary devices.16 This 

study describes, in some detail, the height and width of the intramedullary canal on 

the lateral, middle and medial end of the clavicle in relation to the clavicle curvatures. 

The study shows that the medullary canal is sufficiently wide and extends deep 

enough into the lateral and medial components of the clavicle and therefore is able to 

accommodate an intramedullary device in most cases.16 Only 1.4% of the male 

clavicles had a medullary canal which was too small to accommodate an 

intramedullary nail whilst 31% of the female clavicles had a too narrow medullary 

canal.  

The curvature of the clavicle varies and that can affect the length of the implant to be 

inserted, particularly if the implant is rigid and does not allow for accommodation of 

the curvature. To determine whether rigid fixation devices can be effective in treating 

this complex 3-dimensional anatomy, Bachoura et al. scanned 22 clavicles and used 

a CT model to evaluate the length and cross-sectional area of the clavicle.17 They 
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simulated IM fixation by superimposing a straight cylindrical corridor in a lateral-to-

medial direction. The authors considered stable fixation as the ability to bypass the 

midpoint of the clavicle (assumed fracture site) by two cortical diameters with the 

straight corridor. They also found the midpoint of the clavicle to have the smallest 

cross-sectional area and were able to simulate rigid IM fixation successfully in 15 of 

the 22 clavicles.17 This seems to suggest limitations in the use of rigid devices, 

particularly in addressing complex fractures or fractures which are not located at the 

midpoint of the clavicle. The ability to achieve two cortical diameters was related to the 

size of the clavicle, although no demographic information was available.  

 

CLASSIFICATION OF CLAVICLE FRACTURES 

Various classification systems for fractures of the clavicle have been described and 

these include the Allman classification, the Neer classification and the Craig 

classification.1 Allman classified clavicle fractures based solely on the anatomical 

location of the fracture. He thus classified fractures as occurring in the medial third, 

the middle third and the lateral third.18 Neer subclassified fractures occurring in the 

lateral third of the clavicle with Craig further subclassifying fractures of the lateral and 

medial third.1 The lateral third fractures were subclassified according to displacement, 

ligamentous integrity and amount of comminution.  Lateral third fractures are 

subclassified as one of 5 types1. Medial third fractures are classified according to 

displacement, comminution and whether the fracture extends into the sternoclavicular 

joint1. The Edinburgh (Robinson) classification system describes middle third clavicle 

fractures according to their displacement and degree of comminution.4 Type IIA 

fractures were classified as undisplaced or angulated only.  Type II B fractures were 

described as displaced with subclassifications for the fracture configuration and 

amount of comminution4.  O’Niell et al. has shown that the Robinson classification has 

the greatest prognostic value for clavicle shaft fractures whilst Craig’s classification 

holds the greatest prognostic value for distal third fractures.19 The AO/OTA 

classification scheme has been expanded to include the clavicle. The clavicle is 

segment 15 and is divided in metaphyseal, diaphyseal and lateral metaphyseal 

fractures. 
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TREATMENT OF CLAVICLE SHAFT FRACTURES 

Various treatment modalities exist for dealing with clavicle shaft fractures. Treatment 

options include both operative and non-operative options. However, the optimal 

treatment for displaced clavicle shaft fractures remains a controversial and widely 

debated topic.1 Historically, clavicle shaft fractures were thought to be benign fractures 

and were treated non-surgically.20,21 However, a landmark study by McKee et al.22 

challenged this belief.  

More recent studies have indicated significantly higher complication rates in certain 

fracture types when these are treated conservatively.22-23 Non-randomised, non-

comparative, pooled data across all studies comparing conservative treatment with 

plating of clavicle shaft fractures have shown a non-union rate of 2.5% in the 

operatively treated fractures compared to a non-union rate of 5.9% in the 

conservatively treated group.24 When the displaced group of fractures is looked at 

separately, the non-union rate increases to 15.1%.24 In 1997, Hill et al. demonstrated 

in a retrospective study of 52 non-operatively treated clavicle shaft fractures that 

displaced fractures with initial shortening of >20mm were associated with a higher risk 

of non-union and a poor clinical outcome.23 The landmark study by McKee, which first 

indicated inferior outcomes in non-operatively treated fractures, compared non-

operative treatment with primary plate fixation in 132 displaced middle third clavicle 

fractures.22 McKee et al. showed superior functional outcomes, lower rates of 

malunion and nonunion and a shorter time to union in the operative group.22  

Escola et al. demonstrated that malunion of a middle third clavicle fracture with 

shortening of the clavicle may alter the position of the glenoid fossa which in turn, may 

affect glenohumeral mobility and scapular rotation leading to unsatisfactory results and 

loss of function.25 Lazarides and Zafiropoulos. investigated 132 patients with united 

fractures of the middle third of the clavicle after conservative treatment.26 In their study 

25.8% of the patients were dissatisfied with their treatment result. Final clavicle 

shortening of more than 18mm in males and 14mm in females was associated with 

these unsatisfactory results.  

Operative treatment of displaced middle third clavicle fractures is associated with 

significantly improved Constant Shoulder and DASH scores when compared to 

fractures in patients treated conservatively.22 
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It is widely accepted in literature that un-displaced or minimally displaced middle third 

clavicle fractures can, and should be treated conservatively, either in a sling or figure-

of-eight bandage.1,27,28 No difference was noted in the outcomes of patients treated 

with either a sling or a figure-of-eight bandage, but the figure-of-eight bandage is 

difficult to apply and causes early discomfort.29,30 

To further complicate matters, recent reviews are once again questioning whether the 

operative treatment of displaced clavicle shaft fractures leads to better results. A 2018 

Cochrane review31 concluded that there is only low-quality evidence to prove that 

surgical treatment holds additional benefits in terms of function, pain and quality of life 

when compared to conservative treatment. In terms of adverse outcomes, they could 

not ascertain any differences between the two treatment options. The reviewers 

suggest that treatment should be individualised and patient specific to thus better 

balance the risks of non-operative treatment (symptomatic malunion and shoulder 

stiffness) with the risks of operative treatment (wound infection, wound dehiscence 

and hardware irritation).31 In a retrospective study, Napora et al. found complications 

and/or poor outcomes between conservatively and operatively treated displaced 

fractures to be similar.32 In a meta-analysis, Woltz et al. found that plate fixation does 

reduce the risk of non-union but does not, however, provide clinically relevant better 

outcomes when compared to conservative treatments.33 Additionally, secondary 

operations were found to be common in both groups. They concluded that literature 

does not support routine operative treatment for all patients with displaced clavicle 

shaft fractures.33 In a prospective randomised controlled trial of 160 patients, the same 

authors33 discovered that operative treatment significantly reduced non-union rates, 

but that secondary operations were common in both groups. They found no difference 

in the functional outcomes between the two groups. Robinson et al. noted a reduced 

rate of non-union in operatively treated fractures in addition to better functional 

results.4 They, however, posited that operative treatment is more expensive and yields 

a higher rate of implant related complications. They concluded that the routine 

operative treatment of displaced clavicle shaft fractures is not supported.4  

This remains a controversial issue.34 A recent, high quality prospective randomised 

trial found that surgical treatment yields better functional and radiological outcomes, 

with minimal complications, when compared to conservative management.35 Patel et 
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al. also concluded that surgical treatment yields superior results.36 In a very recent 

current concepts review Hoogervorst et al. concluded that the choice of optimal 

treatment strategy remains debateable.37 They found that operative treatment leads 

to improved short-term functional results, increased patient satisfaction, earlier return 

to sport activities and lower rates of nonunion. They also concluded surgical treatment 

to be more cost effective. However, they noted that operative treatment has more 

complications and higher re-operation rates. They found long-term shoulder function 

to be similar between the two groups. Their final conclusion was that a shared 

decision-making model should be used to tailor-make an optimal treatment strategy in 

accordance with the patient’s specific needs and expectations.37 This seems to be the 

thread common to most of the recent literature. 

 

INDICATIONS FOR OPERATIVE TREATMENT 

Indications for surgical treatment of clavicle shaft fractures can be divided into absolute 

and relative indications.38 Absolute indications include open fractures, overlying skin 

compromise, neurological deficit or associated vascular injury.27,38 Relative indications 

include multisystem traumatised patients, painful malunions and nonunions and a 

floating shoulder. Relative indications have also been expanded to include fractures 

with 15 - 20mm of shortening, complete displacement and comminution.38 As 

suggested by Zenni et al. these indications have been expanded to include patients 

who cannot tolerate prolonged immobilisation of the upper limb, for example patients 

suffering from Parkinson’s disease and neuromuscular disorders.27  

  

TREATMENT OPTIONS 

Operative treatment options consist of external fixation, open reduction and internal 

fixation using locked or non-locked plates or open or closed reduction with internal 

fixation using intramedullary rods, wires or nails. 1 ,24  

 
External fixation 

There are numerous studies available which describe the external fixation of displaced 

clavicle fractures.39-40 Each of them have shown fairly good results comparable to plate 
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fixation and superior to non-operative treatment. In cases of soft tissue compromise, 

this technique has yielded good results.41 However, the technique is rarely used as it 

presents significant limitations including prominent bulky hardware and pin tract 

problems.  

 

Plate fixation 

Plate fixation has predictable union and low complication rates and allows for early 

mobilisation of the shoulder.1,38 Anatomically contoured locked plates are currently the 

most widely used mode of treatment. The superior approach, in which the plate is 

placed superiorly, is most commonly adopted. This plate position has been shown to 

be superior biomechanically. Neurovascular structures, however, are at greater risk 

during drilling and the plate is more prominent under the skin.42 An alternative to this 

treatment is the anterior-inferior approach which makes use of appropriately shaped 

plates. Biomechanical studies have shown that there is no difference between the load 

to failure of locked and non-locked plates when mono-cortical screw fixation is 

used.43,44 Locking plates constructs comprise a plate and screw combination where 

the screw itself screws into thread created in the plate.  This creates a fixed angle 

screw and plate construct.  When bicortical screws are used both constructs have 

significantly improved loads to failure.43 A percutaneous plating technique,as 

described by Lee et al., has shown good results.45 Theoretical advantages include less 

surgical dissection, smaller scars and quicker recovery following surgery.45 

 

Intramedullary fixation 

Intramedullary (IM) fixation presents an alternative to plate fixation for midshaft clavicle 

fractures and includes the potential advantages of a smaller incision, less soft-tissue 

disruption and less prominent implants. Numerous intramedullary fixation devices for 

the treatment of middle third clavicle fractures are available on the market and 

commonly used.1,46 These devices include Knowles pins, Hagie pins, Rockwood pins 

and minimally invasive titanium nails.38,47 Techniques include antegrade insertion 

through an entry point on the antero-medial surface of the clavicle.  The nail is thus 

passed over the fracture from an entry point on the sternal side of the clavicle. 

Alternatively, a postero-lateral entry point in the lateral fragment is created and the nail 
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is passed over the fracture from laterally into the medial fragment. Both these 

techniques necessitate the opening of the fracture site to reduce the fracture. 

Intramedullary fixation of displaced middle third clavicle fractures is associated with a 

significantly reduced non-union rate when compared to conservative treatment.24 

Thyagarajan recommended intra-medullary fixation of displaced middle third clavicle 

fractures over plating and conservative treatment.33 He reported no non-unions, scar 

related neither complications nor prominent hardware in the nailing group.  

Previously intramedullary fixation devices could not be reliably locked and thus axial 

rotation and length were difficult to control when these devices were used.48-49  

Smaller incision sizes and less periosteal stripping are potential positive outcomes in 

fixating clavicle fractures as the clavicle has a periosteal blood supply. Less soft tissue 

dissection would potentially preserve blood supply and enhance healing whilst smaller 

incision sizes would potentially preserve the supraclavicular nerves thus avoiding 

anaesthesia of the anterior chest wall. Logic would dictate that since the device is 

positioned in the medullary canal there would be no problematic superior 

subcutaneous hardware as often observed with plate fixation.46 However, some 

implants have prominent hardware protruding from the lateral entry point (Hagie pin 

and TEN nails).46 

Biomechanical studies have shown that the risk of refracture following removal of the 

intramedullary device is smaller than after plate fixation. The plate fixated clavicles 

were predictably vulnerable to fracture through the vacant screw hole after removal of 

the plate and screws.50 Removal of the plate following successful union is an invasive 

procedure with known complications.51 

 

Kirschner wire fixation 

K-wire fixation of clavicle shaft fractures was first described in 1940. Recent studies 

still report good outcomes with the use of this technique. Bokata described good 

results using a two wire technique and found this technique to be safe.52 Coppa et al. 

reported that intramedullary fixation using K-wires had superior outcomes when 

compared to conservative management and found the procedure to be safe.53 A recent 

meta-analysis found less revision and hardware related complications following K-wire 

fixation than in the case of plate fixation. However, inferior functional post-operative 
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results after K-wire fixation were noted.54 Major concerns regarding the migration of 

the wires exist and numerous case reports describing the intrathoracic, aortic, neck 

and even spinal cord migration of wires have been published.55-56 These catastrophic 

complications have resulted in this technique falling out of favour.56 

 

Clavicle pins (Hagie and Rockwood pins) 

Hagie and Rockwood pins are nearly identical devices and, as such, are commonly 

confused. Both devices are made from solid stainless-steel with a terminal threaded 

end to obtain bone purchase. Both devices have two locking nuts – one to provide 

compression over the fracture and the other to keep the compression nut in place. 

They also differ as to the position of the trochar point. The Rockwood pin can be placed 

from either the medial or the lateral end of the fracture whilst the Hagie pin can only 

be placed from the lateral end. To place the device the fracture site is opened and the 

medial and lateral medullary canals prepared. The device can then be inserted via an 

anteromedial approach, close to the sternoclavicular joint, or via a lateral approach, 

close to the acromioclavicular joint. The fracture is held in the reduced position while 

the pin is advanced over the fracture. The lateral end of the pin is then cut under the 

skin. Both these devices need to be removed after fracture union. 

Good results have been obtained using both these devices, but complications are 

relatively common. Payne et al.57 reported a union rate of 97%, but a complication rate 

of more than 80%. The main complication noted was painful hardware at the lateral 

end, but loss of shoulder range of movement, infections and hardware failure were 

also reported.57 Millett et al. reported a union rate of over 90% using Hagie pins and a 

lower complication rate of 25%.58 However, painful lateral hardware was once again 

noted as the most common complication. Judd et al. reported a high union rate using 

the Hagie pin in a study which compared Hagie pin fixation to non-operative 

treatment.59 The complication rate was, however, higher and no difference in 

functional outcome was noted between the two groups at 12 months follow-up. In 

smaller studies using these devices Mudd and Strauss found unacceptably high 

complication rates and warned against the use of these devices.60,61 In a recent 

literature review Eichenger et al. concluded that the complication rate when using 
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these devices is unacceptably high and that alternative fixation devices should be 

used.46 

 

Titanium elastic nail (TEN) fixation 

Titanium elastic nail fixation was first described in 2003 by Jubel.47 The technique is 

fairly simple and the device can be passed over the fracture in an open or closed 

technique. An anterograde or retrograde technique can be used. The device is 

removed after fracture union to mitigate the risk of hardware migration and prominent 

subcutaneous hardware at the entry point. Jubel reported a very high union rate and 

a relatively low complication rate.47 In two randomised controlled trials the complication 

rate was noted as much higher62,63 although excellent union rates were achieved. 

Similar results were recorded in the van der Meijden study with patients treated by 

TEN and plating. In the van der Meijden study the complication rate was inflated as 

the second surgery to remove the implant was noted as a complication – a procedure 

generally regarded as routine when using a titanium elastic nail.63 

 

Intramedullary screw fixation 

Solid or cannulated intramedullary screws have been described in a few studies 

detailing the treatment of clavicle shaft fractures. Good results were reported in these 

studies with high union and relatively low complication rates. The screws can be 

placed from medial or lateral. In the case of a medial approach the screw head is 

prominent medially under the skin and the device needs to be removed following 

union. Khalil et al. showed a union rate of 100% and found the technique to be both 

simple and affordable.64 In another study, where a lateral to medial screw trajectory 

was used, the problem of prominent subcutaneous hardware was avoided. No 

hardware had to be removed and excellent union rates were recorded.65 The same 

anatomical problems associated with the use of Hagie or Rockwood pins would 

presumably apply to intramedullary screws. A rigid straight implant is placed over the 

fracture in a bone with a s-shaped curve in the axial plane as well as a curvature in 

the coronal plane. As described previously,17 in certain cases the accurate placing of 

the device, with solid fixation over the fracture site, proves to be problematic.  Good 
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results using this device have been described, but the available literature is of fairly 

low quality.  These results have not been clinically replicated and the technique has 

largely fallen out of favor1. 

 

Flexible locked nail  

More recently an alternative device has become available which attempts to address 

the biomechanical challenges presented by traditional devices – lack of rotational and 

length stability. The Sonoma CRx device consists of a solid straight hub, a flexible 

tubular medial section and an internal fixation system. The device is inserted into the 

medullary canal following reduction of the fracture. The medial flexible portion of the 

device follows the axial and coronal curvature of the clavicle. Once properly seated in 

the medullary canal and accurate fracture reduction has been achieved, the internal 

assembly is activated. Upon activation, the flexible section is then transformed into a 

rigid nail and grippers at the medial end are deployed. The grippers lock the medial 

end of the device providing rotational and axial stability. Laterally the device is locked 

with an interlocking screw.66 One prospective study has been done in which the device 

is compared to minimally invasive plating. Similar functional outcomes were noted 

between the two groups but a shorter time to union in the nailing group was perceived. 

King et al. conducted a retrospective study in which the effectiveness of this device 

was evaluated.67 The study yielded a 100% union rate but 3 hardware failures 

occurred. Two further case reviews also reported hardware failure.68,69 King et al. 

ascribed the hardware failure witnessed in their study to technically inferior surgical 

techniques – the device was not inserted far enough medially across the fracture site 

making the construct unstable.67 In the other two case reports the authors questioned 

the implant itself. The authors perceived the hardware failures were due to weakness 

of the device itself causing the hardware failures.  Calbiyik et al. made no reference to 

hardware failures in a paper describing their initial experience with the device.70 King 

et al. described the surgical technique which should be used to insert this device in 

order to avoid hardware failure.66 
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INTRAMEDULLARY VERSUS EXTRAMEDULLARY FIXATION OF CLAVICLE 
FRACTURES 

Numerous meta-analyses and review articles comparing intramedullary and 

extramedullary fixation found no statistically significant difference between the two 

treatment modalities regarding union rate and functional outcome.71,72 Retrospective 

and prospective studies comparing intra- and extramedullary fixation have presented 

similar outcomes when union rates and functional outcomes are compared.73-74 Ferran 

et al. compared plating of displaced middle third clavicle fractures to intramedullary 

fixation using a Rockwood pin and found no significant difference between the union 

rate, Constant Shoulder score or the Oxford Shoulder score of the two groups.75 

However, in this study all the Rockwood pins and 53% of the plates had to be removed 

due to infection or soft tissue irritation.75 In a meta-analysis and systematic review, 

prominent hardware in the plating group resulted in complications in most cases.71,72 

A recent meta-analysis noted increased reoperation and refracture rates after the 

removal of plates, post extramedullary fixation, but no difference in union rate or 

functional outcome was evident.71 Two very recent meta-analyses ascertained that 

intramedullary fixation might be the treatment modality of choice, citing the high 

reoperation rate due to prominent subcutaneous hardware in the plating group as 

reason for this conclusion.76-77 A recent Cochrane review could not recommend one 

specific fixation technique suitable for midshaft clavicle fractures, siting the inadequacy 

of available evidence.78 A very high proportion of fractures treated with plate fixation 

require a second operation to remove the plate. This procedure has to be done through 

the original skin incision resulting in further scarring and soft tissue compromise. The 

second surgery also increases the risk of supraclavicular nerve injury leading to 

reduced patient satisfaction.51 It has been shown that when intramedullary devices 

and plates are removed, following union of the fracture, that these clavicles treated 

with an intramedullary device has a higher load to failure. This, in turn, decreases the 

risk of a fracture shortly after removal of the fixation device.50 Houwert et al. also 

discovered higher refracture rates following hardware removal in plated clavicles 

compared to intramedullary fixation.71 Intramedullary nailing of the clavicle employs a 

percutaneous operative technique which results in minimal periosteal stripping and no 

bone/plate compression interface, thus the periosteal blood supply is preserved 
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promoting union.38,73 Fixation of the fracture can be achieved through a much smaller 

wound than that which is needed for fixation using a plate and screws.28,38,73,79,80  

Millett et al. noted a major complication rate (non-union, malunion and infection) of 

8.6% using intramedullary fixation and further ascertained that superficial skin 

infections and skin erosions were present in 15% of cases.58 Multiple case reviews 

have described migration of non-locked intramedullary fixation devices into the lungs 

or other structures in the thorax.56 Wijdicks et al. noted that intramedullary fixation 

yielded a lower post-operative complication rate when compared to patients treated 

by plating.81 Early nail failure using the Sonoma CRx intramedullary device has been 

described.67,68 Early failure is commonly associated with incorrect placement of the 

device during initial fixation of the fracture.67 A recent meta-analysis found a lower 

complication rate in terms of refracture rate, prominent hardware and reoperation rates 

in patients treated with intramedullary fixation.82 Prominent subcutaneous hardware at 

the lateral entry point remains problematic with traditional implants as this procedure 

requires the implants to be removed routinely once fracture union has been 

achieved.83   

 
CONCLUSION 

Clavicle shaft fractures were traditionally considered benign injuries and treated 

conservatively with good results. Modern outcome-based studies propose more 

aggressive treatment of displaced and shortened fractures. This remains a 

controversial topic with numerous systematic reviews and meta-analyses providing 

conflicting conclusions. Further high-quality research is needed to provide a definitive 

answer. Current consensus is that each patient should be individualised in terms of 

fracture configuration and functional demand. The risks of operative fixation versus 

the risk of complications secondary to mal- and non-union should be weighed. The 

best operative treatment modality remains unclear. Recent high-quality research 

studies maintain that there is no difference in outcomes between intra- and 

extramedullary fixation. Limited research has investigated the effectiveness of a novel 

flexible, locked device. Early results are encouraging, but no long-term reviews and 

studies are available which compare this device to the current gold standard of 

treatment – extramedullary locked plate fixation.  
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ABSTRACT 

Purpose: An epidemiological study describing patients with acute clavicle shaft fractures 

presenting over a period of 10 years to a tertiary hospital located in an African urban setting. 

Methods: Patients presenting with acute clavicle shaft fractures were identified by 

systematically reviewing the Picture Archiving and Communication system of Tygerberg 

Academic Hospital. The clinical notes of each patient were reviewed to determine age, gender, 

mechanism of injury, soft tissue status, neurovascular status, associated injuries and 

treatment rendered. Radiographs were examined to describe fracture displacement and 

morphology. 

Results: One thousand and three patients were included in the review, 729 males and 274 

females. The right clavicle was fractured in 465 cases and the left in 538. The mean age at 

presentation of the male patients was 32 ± 12 years and 37 ± 14 years for the female patients 

(p < 0.001). Most clavicle shaft fractures were reported in the age group 21-30 years. The 

most common mechanism of injury was road accidents, followed by falls, interpersonal 

violence and sports. In addition to the clavicle shaft fracture, 23.4% of patients sustained 

further injuries. Fractures were mainly treated conservatively (72%), while 17% were treated 

with a plate and 11% were treated with an intramedullary nail. 

Conclusion: The epidemiological profile of patients sustaining clavicle shaft fractures in this 

study differed from the profile described in similar studies done in developed countries. 

Patients tended to be younger and a higher proportion of fractures were caused by road 

accidents and interpersonal violence, especially up to the age of 50 years. A high proportion 

of clavicle shaft fractures caused by road accidents and interpersonal violence were 

complicated by additional injuries.  

 

Keywords: Clavicle, fracture, epidemiology, Western Cape, South Africa  
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INTRODUCTION 

Clavicle fractures are common and comprise 2.6 to 4% of all adult fractures and 

account for 35% of injuries to the shoulder girdle1. The annual incidence varies 

between 29 and 64 per 100 000 population1. In a Swedish population based study, 

Nowak et al. found the annual incidence of clavicle fractures to be 70 per 100 000 in 

males and 30 per 100 000 in females2. Most fractures have been reported to occur in 

the clavicle shaft (69-82%), followed by 12–26% in the lateral part and 2–6% in the 

medial part3,2,4,5. 

The epidemiological profile of patients presenting with clavicle fractures in developed 

countries has been described in numerous studies.7,2,3,4 A wide range of injury 

mechanisms has been described,6,1 such as low energy falls from standing, motor 

vehicle accidents and sporting injuries. The age groups at highest risk of sustaining 

clavicle fractures has been reported to be young adults and the elderly7,8. However, 

whether this data is also applicable to developing countries is unknown. No 

epidemiological data is available describing patients presenting with clavicle fractures 

in an African country. 

Therefore, this study aimed to describe the epidemiological profile of patients 

presenting to a tertiary hospital, serving a South African urban population, with acute 

clavicle shaft fractures from 2008 to 2018. 

 

METHODS 

Patients 

The study was designed as a retrospective case review of all patients presenting to a 

tertiary hospital with acute clavicle shaft fractures. Institutional approval was obtained 

from the hospital’s review board (IRB0005239, N11/07/207) and the Human Research 

Ethics Committee (HREC S19/02/037) prior to the study commencing. 

X-rays in the Picture Archiving and Communication System (PACS) of Tygerberg 

Academic Hospital (Cape Town, South Africa) were systematically reviewed to identify 

patients that presented with acute clavicle shaft fractures from September 2008 to 

December 2018. Patients aged 16 years and older were included in the study. Clinical 

notes made at presentation and during follow-up of the patients identified were studied 
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retrospectively. Pathological fractures and patients who had sustained a previous 

clavicle fracture were excluded from the study. 

 

Study Variables 

Data captured as part of the epidemiological study included: age, gender, mechanism 

of injury, lateralization (fracture of left/right clavicle), fracture morphology, condition of 

the overlying tissue, neurovascular condition, treatment regime and other associated 

injuries that the patient sustained.  

Mechanism of injury was classified as either road traffic accidents, interpersonal 

violence, falls and sporting injuries. ‘Road accidents’ included motor vehicle and 

motorcycle accidents as well as pedestrian vehicle accidents. ‘Interpersonal violence’ 

comprised direct blunt trauma and penetrating trauma, including gunshot wounds. 

‘Falls’ included all low energy fall related fractures. ‘Sports injuries’ included all sport 

related fractures – rugby, football, bicycle falls, etc. 

The patients’ radiographs were assessed to describe the fracture and to determine the 

displacement of the fracture. Standard 15˚ cephalad tilt views of the affected clavicle 

were used in all cases.  

Fractures were described as displaced or undisplaced. Undisplaced fractures had at 

least partial cortical contact. These included angulated and incomplete fractures. 

Fractures with no cortical contact between the medial and lateral fragments were 

described as displaced. Displaced fractures were further classified according to the 

fracture pattern and the amount of communition at the fracture site. Fractures with a 

single fracture line in a transvers, oblique or spiral configuration were described as 

simple fractures. Fractures containing a single butterfly segment at the fracture site 

were classified as single fragment fractures. Fractures with multiple comminuted 

fragments at the fracture site with multiple fracture lines were described as 2 or more 

fragment fractures. 

The conditions of the overlying soft tissue were either classified as ‘normal’, ‘bruising’, 

‘visible deformity’, ‘skin tethering’ or ‘open fractures’. Neurovascular status of the 

affected limb was either classified as ‘intact’, ‘vascular injury’ or ‘neurological injury’. 
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In addition to the clavicle shaft fracture, any associated injuries that the patient 

sustained were also captured. Associated injuries were either classified as ‘head 

injuries’ (epidural hematomas, subdural hematomas, cerebral hematomas and 

contusions, skull fractures), ‘chest injuries’ (pneumothorax, haemothorax, lung 

contusions) or ‘abdominal injury’ (solid organ injury, bowel injuries). Additional 

fractures were described as ‘pelvis’, ‘spine’, ‘rib’, ‘scapula’, ‘humerus’, ‘forearm’, 

‘hand’, ‘femur’, ’tibia’, ‘ankle’ or ‘foot’ fractures. 

 

Statistical methods 

Data was analysed with STATISTICA (version 13.3; TIBCO Software). Distribution and 

homogeneity of variances for the data were examined using a Levene test. Data was 

expressed as mean ± standard deviation as well as percentages of the entire cohort 

or sub-groups. Differences in age between the males and females were analyzed with 

a t-test. Significance was set at p < 0.05.  

 

 

RESULTS 

Demographics 

In total, 1003 patient were included in our retrospective study, which ranged from 2008 

to 2018. The average age of all patients was 33 ± 13 years, with male patients (32 ± 

14 years) being younger than female patients (37 ± 14 years) (p < 0.001). The mean 

age of the male and female patients within each of the age groups are shown in Table 

2.1. 
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Figure 2.1 Age and gender distribution in the patients with a clavicle shaft fracture 

Almost three-quarters of the patients were male (n=729; 73%), while one-quarter was 

female (n=274; 27%). This gender distribution was most notably seen in the age 

groups 16-20, 21-30 and 31-40 years, while a more equal gender distribution was seen 

in the 51-60 and >60 years age groups (see Figure 2.1).  

 

Table 2.1 Age and percentage male/female distribution in each age group.  
 

 

The highest percentage of clavicle fractures were observed in the age group 21-30 

years (36.2% of all fractures recorded), followed by 31-40 years (20.5%), 16-20 years 

(15.6%), 51-60 years (8.3%) and >60 years (3.1%). 

 

Mechanisms of injury 

The most common injury mechanism causing clavicle shaft fractures in this study was 

road accidents (44.7%), followed by falls (25.8%), interpersonal violence (12.2%) and 

sports (10.5%). The mechanism of injury was unknown in 6.9% of cases. An overview 

of the injury mechanism per age group is shown in Figure 2.2. An overview of the age 

and gender distribution within each of the mechanisms of injury categories is shown 

in Table 2.2. 

 

  Males Percentage  Females Percentage  p - value 
16-20 years 
(n 156)  

 17 ± 2 
(n= 132) 84.6%  17 ± 2 

(n = 24;) 15.4% 
 

0.850 

         
21-30 years 
(n = 363) 

 25 ± 4 
(n= 267)  

73.8%  26 ± 3 
(n = 96)  

26.2%  0.136 
         
31-40 years  
(n 206) 

 35 ± 3 
(n = 149)  

72.3%  35 ± 3 
(n = 57)  

27.7%  0.210 
         
41-50 years 
(n = 164) 

 46 ± 3 
(n = 117)  

71.3%  45 ± 3 
(n = 47)  

28.7%  0.806 
         
51-60 years 
(n = 83) 

 55 ± 3 
(n = 48)  

57.8%  55 ± 3 
(n = 36)  

42.2%  0.322 
         

>60 years 
(n = 31) 

 66 ± 4 
(n = 15)  

48.4%  69 ± 9 
(n = 16)  

51.6% 
 

0.234 
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Figure 2.2 Overview of the mechanisms of injury in the different age groups.  

 

Significant differences in age between male and female patients were found in the 

mechanism of injury categories of ‘road accident’, interpersonal violence’ and ‘fall’ 

(Table 2.2). Males sustaining fractures secondary to these mechanisms were younger 

than the females. Differences in age between male and female patients were found in 

the mechanism of injury categories of ‘road accident’, interpersonal violence’ and ‘fall’.  
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Table 2.2 Age and male-female distribution in each of the mechanism of injury categories. 

* Significant difference between male and female incidence 

 

Type of fractures, skin and neurovascular condition 

Clavicle shaft fractures were observed equally on the right (53.3%) and left side (46.7), 

while displaced fractures (75.2%) were observed more commonly than un-displaced 

(24.8%) clavicle shaft fractures (Table 2.3). Within the displaced fractures, 46.8% had 

a simple fracture, 26.0% had a fracture with one major fragment, while in 27.7% the 

fracture was associated with two or more fragments. 

In 22.1% of all cases the skin condition was described as ‘normal’, while in 16.2% 

‘bruising’ was observed, in 46.7% a visible deformity was noted, in 0.7% ‘skin 

tethering’ was found, 2.7% had ‘open fractures’, while in 11.7% this data was not 

captured. A vascular injury was found in 7 patients (0.7%), while in 6 patients (0.6%) 

an injury to the brachial plexus was sustained.  

 

 

 

 

 

 

 

  Males Percentage  Females Percentage  p - value 
Road accidents 
(n = 448) 

 33 ± 12 
(n= 324)  

72.3%  36 ± 13 
(n = 124)  

27.7%  0.049* 

         
Interpersonal 
violence 
(n = 122) 

 34 ± 11 
(n= 93)  

76.2%  39 ± 15 
(n = 29)  

23.8%  0.043* 

         
Fall 
(n = 259) 

 33 ± 13 
(n = 163)  

62.9%  38 ± 16 
(n = 96)  

37.1%  0.004* 
         
Sport 
(n = 105) 

 22 ± 8 
(n = 95)  

90.5%  24 ± 7 
(n = 10)  

9.5%  0.359 
         
Other 
(n = 69) 

 36 ± 14 
(n = 53) 

76.8% 
  37 ± 13 

(n = 16) 
23.2% 

  0.899 
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Table 2.3. Overview of the fracture types 

     Fracture types within the displaced fractures 
  Un-displaced Displaced  Simple One major 

fragment 
Two or more 

major fragment 
Road accident       
Male  90 (27.9%) 233 (72.1%)  90 (38.6%) 62 (26.6%) 81 (34.8%) 

Female  37 (30.1%) 86 (69.9%)  42 (48.8%) 19 (22.1%) 25 (29.1%) 

All  127 (28.5%) 319 (71.5%)  132 (41.4%) 81 (25.4%%) 106 (33.2%) 
Interpersonal violence     
Male  29 (30.2%) 67 (69.8%)  43 (64.2%) 8 (11.9%) 16 (23.9%) 

Female  8 (29.6%) 19 (70.4%)  8 (42.1%) 6 (31.6%) 5 (26.3%) 

All  37 (30.1%) 86 (69.9%)  51 (59.3%) 14 (16.3%) 21 (24.4%) 
Fall        
Male  29 (18.4%) 129 (81.6%)  50 (38.8%) 41 (31.8%) 38 (29.5%) 

Female  16 (16.8%) 79 (83.2%)  34 (43.0%) 40 (38.0%) 15 (19.0%) 

All  45 (17.8%) 208 (82.2%)  84 (40.4%) 71 (34.1%) 53 (25.5%) 
Sport        
Male  24 (24.7%) 73 (75.3%)  43 (58.9%) 12 (16.4%) 18 (24.7%) 

Female  1 (9.1%) 10 (90.9%)  7 (70.0%) 2 (20.0%) 1 (10.0%) 

All  25 (23.1%) 83 (76.9%)  50 (60.2%) 14 (16.9%) 19 (22.9%) 
All patients      
Males  181(24.8%) 548 (75.2%)  250 (46.3%) 135 (26.0%) 163 (27.7%) 

Female  68 (24.8%) 206 (75.2%)  99 (45.6%) 61 (24.6%) 46 (29.7%) 

All  249(24.8%) 754 (75.2%)  349 (46.3%) 196 (26.0%) 209 (22.3%) 
 

Additional injuries 

Two hundred and thirty-five (23.4%) patients presented with additional injuries other 

than the clavicle shaft fracture. In the male patients 22.4% sustained additional injuries 

and 26.3% in the female population. An overview of the additional injuries within each 

of the mechanism of injury categories is shown in Table 2.4. 

Most additional injuries were observed in association with ‘road accidents’ (overall: 

36.6%; male patients: 33.5%; female patients: 44.7%), followed by ‘interpersonal 

violence’ (overall: 17.2%; male patients: 18.3%; female patients: 13.8%), a ‘fall’ 

(overall: 12.7%; male patients: 16.0%; female patients: 7.3%) and ‘sports’ injuries 

(overall: 4.8%; male patients: 4.2%; female patients: 10.0%). The relatively high 

percentage of additional injuries in the female patient ‘sport’ category was caused by 

a small sample size in which 1 of 10 female patients also sustained a hand injury. 
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Treatment  

The majority of patients were treated conservatively with a sling (overall: 71.9%; male 

patients: 72.4%; female patients: 70.4%). Only 34.4% of patients with displaced 

fractures were managed surgically, while 9.2% of the undisplaced clavicle shaft 

fractures were treated surgically. An overview of the treatment modalities in all patients 

as well as the male and female patients is shown in Figure 2.3. 

 

 

 

Figure 2.3 Overview of the treatment modalities used to treat displaced, un-displaced 
fractures  
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DISCUSSION 

Although numerous epidemiological studies describe clavicle fractures in 

general6,13,7,5,2,3, to our knowledge this is the first study to describe the epidemiology 

of clavicle shaft fractures in a developing country.  

The mean age of patients included in our study was 33 ± 13 years, which is 

considerably lower, compared to studies done in the developed world. Overall and 

within the mechanisms of injury: ‘road accidents’, ‘interpersonal violence’ and ‘falls’, 

male patients were younger than female patients (p < 0.05). Up to the age of 50 

substantially more males than females sustain clavicle shaft fractures (see also Fig. 

2.1). In developed countries, patients with clavicle fractures are generally seen around 

2 age peaks, the first and largest peak is seen in male patients around 30 years of 

age, while a second peak in female patients is generally seen around the age of 80 

years1. A number of the older patients described in these studies would have sustained 

lateral third fractures, thus the likely average age for shaft fractures would be slightly 

lower. It is known that the incidence of shaft fractures decreases with increasing age7. 

However, fractures in the over 60-age group in the population studied is still 

substantially lower than found in developed countries. Kihlstrom et al found 16% of 

shaft fractures occurred in patients over 65 years. Herteleer et al. also found two peaks 

studying an urban Belgium population, the first in young male athletes and the second 

in males, 41 to 50 years old. They reported a shift in age from younger patients to 

more middle aged patients during the period studied11. The same was found by 

Huttenen et al. and Kihlstrom et al. studying Scandinavian populations13,6. Kihlstrom 

et al. reported a mean age at presentation of 48 years6. 

The current study reflects higher rates of clavicle shaft fractures caused by road 

accidents and interpersonal violence, (Table 2.2), which is commonly accompanied by 

additional injuries (Table 2.4). Studies done in developed countries report that the 

most common mechanisms of injury are related to simple falls, sporting activities and 

bicycle accidents.2,4,12,6. Kihlstrom et al. reported high-energy mechanisms (road traffic 

accidents and falls from heights) to cause 35% of shaft fractures8, in contrast to 44.7% 

in our study. 

The higher incidence of fractures caused by road accidents and interpersonal violence 

described in the South African population, compared to those described in developed 
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countries, ultimately relates to South Africa’s high road accident rates and high levels 

of interpersonal violence9. An estimated 1.5 million trauma cases are treated each 

year in hospitals in South Africa of which half are estimated to relate to violence9. 

Injuries caused 59 935 deaths in the year 2000 (estimated population of 45 million 

people) of which 46% (27 563) were homicides. Road traffic accidents accounted for 

26.7% (16 002) of these injury related deaths10. In addition, South Africa has double 

the global rate of injuries caused by road traffic accidents10. Due to these high rates of 

road accidents and violence, injuries in South Africa are the second leading cause of 

loss of ‘healthy’ life, and are accountable for 14.3% of all disabilities10. In the year 2000 

violence and road traffic accidents combined caused 16.9% of all mortalities11. 

The gender distribution compares to epidemiological studies done in developed 

countries. The majority of fractures occur in male patients3,4,5. Herteleer et al. reported 

81% of shaft fractures occurred in males7. This correlates to the higher incidence of 

interpersonal violence and road traffic accidents in the male population10. Among 

military recruits males were found to have double the risk of sustaining a clavicle 

fracture14.  

Soft tissue compromise and neurovascular injuries complicate clavicle fractures only 

on very rare occasions. This is similar to studies done in developed countries. 

Postacchini showed skin compromise in 0.4% of clavicle fractures and found no 

neurovascular injuries3. Robinson reported no neurovascular injuries in his series4. 

Kilstrom reported an incidence of open fractures of only 0.7%6. This is surprising given 

the subcutaneous location of the clavicle and the anatomical relationship of the clavicle 

to especially the subclavian artery and vein15,16. Skin tethering between fracture ends 

is rare and no late skin breakdown due to pressure necrosis caused by skin tenting 

was found. Open clavicle fractures are associated with a higher incidence of 

neurovascular injury if the fracture is caused by a penetrating mechanism17. Open 

fractures are commonly associated with high energy mechanisms and serious 

associated injuries18. 

In line with other studies done, 75% of clavicle shaft fractures in this review were 

displaced. Kilstrom et al. reported midshaft fractures to be displaced in 66% of cases. 

Herteleer et al. found an incidence of displaced fractures of 82% of cases19.  
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The treatment rendered in the displaced fracture group seems to be inadequate if 

generally accepted indications for surgery are used1. A recent meta-analysis has 

indicated fractures that are completely displaced, shortened and comminuted treated 

surgically have lower rates of malunion, non-union and higher rates of patient 

satisfaction20. Huttunen et al. reported a 705% increase in surgically treated clavicle 

fractures over a period of 10 years13. There has been some concern raised that 

fractures tend to be over treated in this population.21 The impact of the apparent under 

treatment on patient outcome in our population is not known. Patients tend to be 

discharged early from follow-up following conservative treatment. Few of these 

patients report back with problems relating to their fracture. During this review only 

one patient had delayed treatment for a symptomatic nonunion. It is unknown whether 

these patients have residual non-unions, loss of power or loss of range of movement 

as a result of the fracture1, 2, 3. 

It should be taken into account that the institution where the study was done is a 

referral hospital draining complicated orthopaedic cases from a large area as well as 

acting as a point of first contact for a smaller demographic area. This leads to a 

selection bias with higher numbers of displaced fractures seen. Un-displaced fractures 

are managed on some occasions by the primary health care institution of first contact. 

A further shortcoming of this study is that data was collected retrospectively and there 

was reliance on clinical notes made by other clinicians. 

An important limitation to this study is that data were collected exclusively in the public 

health system.  South Africa has a parallel health care system providing private health 

care to between 10 and 20% of South Africans.  Patients accessing the private system 

are generally of a higher socio-economic status than patients presenting for care at 

Tygerberg Academic Hospital.  It is unknown whether these patients have a different 

epidemiological profile.  There are no data available describing patients with clavicle 

shaft fractures presenting to the private healthcare system.  Thus the epidemiological 

profile described in this study exclusively describes patients presenting to a public, 

tertiary hospital in an urban setting.  It does not describe the epidemiological profile of 

all patients presenting with clavicle shaft fractures in South Africa.  
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Conclusion 

The epidemiological profile of patients with clavicle shaft fractures presenting to a 

tertiary hospital in South Africa differs from the epidemiology profile described in 

developed countries. Patients were generally younger than in developed countries. 

Fractures in middle-aged patients were much less common and patients over 60 years 

of age rarely presented. In addition, interpersonal violence and road traffic accidents 

caused a much higher proportion of injuries, with young males most commonly 

involved. In this study, clavicle fractures were commonly complicated by additional 

injuries including head injuries, chest injuries and additional fractures.  
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ABSTRACT 

Background: Displaced and shortened clavicle shaft fractures can be treated by 

intramedullary fixation; however, hardware migration and soft tissue irritation at the insertion 

site have complicated its use. The aim of this study was to determine whether this new 

intramedullary device (Sonoma CRx™) can be used successfully to treat displaced and 

shortened clavicle shaft fractures and restore the functional capacity of shoulder without the 

development of secondary complications.  

Methods: Forty-seven consecutive patients with displaced and shortened clavicle shaft 

fracture were treated with the CRx™ device. The size of the surgical incision made in order to 

implant the device as well as the surgical time needed was captured during the surgical 

procedure. Shoulder function was assessed by Disabilities of the Arm, Shoulder and Hand 

(DASH) score, the Constant Shoulder score and a Range of Movement score. Patients were 

assessed either after 3-6 months (Group I), 6-9 months (Group II) or 9-12 months (Group III) 

post-operatively. Progression to union was determined at the time of follow-up using fracture 

radiographs assessed by an independent radiologist. 

Results: All patients had achieved union at the time of review without any incidence of 

hardware migration. Three patients developed complications post-operatively (infection (1) 

and hardware failure (2)). No differences between the groups were found for DASH score 

(p=0.33), Constant Shoulder (p=0.38) and Range of Movement scores (p=0.96). DASH, 

Constant Shoulder and Range of Movement scores were similar to other successful treatment 

options, such as plating.  

Conclusion: The Sonoma CRx™ is a good alternative device to treat displaced and 

shortened clavicle shaft fractures and restore the functional capacity of the shoulder. Future 

research should focus on when nailing and plating should be used to treat clavicle shaft 

fractures most optimally.   

 

Level of evidence: Level II, Treatment Study. 

Keywords: Clavicle; collarbone; fracture; intramedullary nail; fixation; CRx 
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INTRODUCTION 

Fracture of the clavicle is a relatively common injury, thought to account for 35% of all 

shoulder girdle injuries in adults.13 Shaft fractures comprise 69% of fractures with 48% 

of these fractures being displaced and 19% comminuted.18 Treatment options for 

clavicle fractures include both non-operative and operative approaches, depending on 

the severity of the injury.13,19 For example, in the case of any displaced fractures, non-

operative treatment in a simple sling has been shown to give excellent results with low 

complication rates. However, in the case of displaced and shortened fractures, 

operative treatment results in higher union rates, higher functional outcome scores 

and fewer complications compared to non-operative treatment. 2,8,23  

Surgical options for these more complicated fractures include extramedullary and 

intramedullary fixation devices. Extramedullary fixation typically involves a plate and 

screw construct and may take the form of a fixed angle or a non-fixed angle device. 

Intramedullary fixation may involve either rigid or flexible devices in the form of rigid 

screw designs or flexible titanium nails, respectively.13 Although both extramedullary 

and intramedullary fixation methods have been demonstrated to be effective treatment 

modalities,5,9 each modality is associated with certain concerns. For example, 

extramedullary fixation can be prominent subcutaneously, which might interfere with 

certain tasks (e.g. carrying a back-pack).19,22 Conversely, intramedullary devices have 

been associated with fixation problems, which can lead to migration of the device and 

soft tissue irritation due to protruding hardware at the insertion site. 21,22 Hardware 

failure has been reported in both devices.17,22 Both extramedullary and intramedullary 

devices are associated with a relatively high rate of secondary surgical interventions 

to remove the hardware.20 

In response to the concerns associated with existing fixation devices, a new 

intramedullary device for the treatment of displaced and shortened clavicle shaft 

fractures has recently been introduced.14 The novelty of this device is that it is flexible 

at its medial end, which allows it to follow the curvature of the clavicle at its medial 

end. The device is then activated to become rigid once the desired fracture position is 

achieved and to deploy grippers at its medial end to lock the device. Laterally, the 

device is locked with a screw placed through a jig. These design features are intended 

to prevent the device from migrating and to make the device length and rotationally 
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stable, thereby reducing the risk of subsequent complications. However, these claims 

have not yet been confirmed in a controlled research setting. Therefore the main aim 

of this study was to determine whether this new intramedullary device can be used 

successfully to treat displaced and shortened clavicle shaft fractures, whilst showing 

no evidence of migration in the months after surgery. To achieve this research aim, a 

group of consecutive patients treated with this device in a 12 month period was 

followed up and assessed for a period ranging from 3 months to 12 months post-

operatively.  
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METHODS 

Recruitment 

Forty-seven consecutive patients with displaced and shortened clavicle shaft 

fractures, who were treated with the Sonoma intramedullary device (Sonoma CRxTM, 

Sonoma Orthopedic Products Inc, Santa Rosa, CA, USA), were recruited to participate 

in this study. All patients were treated by the same surgeon at the same institution 

(Tygerberg Academic Hospital, Cape Town, South Africa). Before implanting the 

device and participation in the study, all patients were thoroughly informed about the 

study and the associated risks, and an informed consent was signed. The study was 

approved by the Health and Research Ethics committee of the Stellenbosch University 

(IRB0005239, N11/02/032), and performed in accordance with the principles outlined 

in the Declaration of Helsinki.   

 

Study Design 

All patients who participated in the study were diagnosed with a displaced and 

shortened clavicle shaft fracture and were treated surgically using an innovative 

intramedullary device (Sonoma CRxTM, Sonoma Orthopedic Products Inc, 3589 

Westwind Boulevard Santa Rosa, CA 95403) over a 12 month period. Patients in both 

groups were treated within 7 days of the injury after which the shoulder was 

immobilized for a period of six weeks in a shoulder immobilizer. During this period, 

patients were asked to remove the immobilizer six times a day and perform anti-gravity 

pendular exercises of the shoulder and range of movement exercises of the ipsilateral 

elbow. Six weeks post-surgery, patients were allowed to remove the immobilizer and 

return to normal activities of the shoulder. No physiotherapy guided exercise program 

for the shoulder was provided.  

For the study patients returned to the hospital on one occasion, which was planned 

between 3- and 12-months post-surgery. Based on the time period between the 

surgery and the follow-up assessment, subjects were retrospectively categorized as 3 

to 6 months post-operative (Group I), 6-9 months post-operative (Group II) or 9-12 

months post-operative (Group III). 
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The range of follow-up times was used to provide insight into healing capacity (union 

rate) with the use of the new device and when possible complications with the device 

may tend to occur. In addition, the range of follow-up periods was intended to provide 

insight into how quickly functional shoulder capacity tends to be restored. During the 

assessment visit, standard anterior-posterior and 15˚ cephalad tilt radiographs were 

obtained. These were reviewed by an independent radiologist for union, loss of fixation 

and hardware migration. Furthermore, a physical examination was used to determine 

whether there was any migrated or protruding hardware causing soft tissue irritation. 

The functional capacity of the shoulder was assessed using the Disabilities of the Arm, 

Shoulder and Hand (DASH) score and Constant Shoulder Score.3,10 Range of 

movement of the affected shoulder was determined and scored using the range of 

movement section of the Constant Shoulder Score ranging from 0 to 40.3 Flexion, 

abduction, internal and external rotation were each graded out of 10 and scored 

accordingly. The Constant shoulder score and range of movement were determined 

by an independent physical therapist, while the DASH score questionnaire was 

completed during a visit to an independent occupational therapist.  

 

Device description 

The Sonoma Clavicle fracture repair (CRx) system is an innovative device that 

transforms from a flexible intramedullary device at insertion into a rigid fixation system 

after placement inside the clavicle bone. The stainless-steel device consists of a solid 

straight hub, a flexible tubular medial section, and an internal fixation system (Fig. 3.1). 

The device is inserted into the medullary canal following reduction of the fracture. The 

medial flexible portion of the device follows the axial and coronal curvature of the 

clavicle. Once the device has been properly seated in the medullary canal and 

accurate fracture reduction has been achieved, the internal WaviBody™ assembly is 

activated. Upon activation, the flexible section is transformed into a rigid nail and 

grippers at the medial end are deployed. The grippers lock the medial end of the device 

providing rotational and axial stability. Laterally, the device is locked with an 

interlocking screw.  
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Figure 3.1. X-rays of the same patient, pre-operative (A.) and 6 months post-operative (B.). 

 

Surgical technique  

Patients were given 2g of intravenous cefazolin pre-operative and a general 

anaesthetic. The patient was positioned in the beach chair position, prepped and 

draped. An incision was made over the fracture site and the medial and lateral 

fragments were identified, while taking care that minimal soft tissue was stripped off 

the clavicle and comminuted fragments. The medullary canal of the medial fragment 

was opened with a 3mm awl and then reamed manually with a 4.5mm awl. The 

surgeon aimed to prepare the canal as far medially as possible in order to allow for 

implantation of the longest possible implant (Fig. 3.2A).  
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Figure 3.2 Schematic overview of the surgical procedure. A. reaming out the medial part of the clavicle. 
B. Opening the lateral part of the clavicle over the guidewire. C. Inserting the Sonoma CRxTM 

intramedullary nail as far medial as possible and activating the grippers distally. D. Locking the Sonoma 
CRxTM intramedullary nail laterally with the use of an interlocking screw. 
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Furthermore, the surgeon aimed to pass the medial end of the device as far past the 

fracture site as possible. It was intended that the medial end of the device should be 

placed at least 50 mm past the fracture site and the same approach was applied in 

preparing the lateral fragment. An aiming device was passed into the lateral fragment 

and a guidewire was passed from medially to exit the clavicle at the apex of the 

posterior curvature of the clavicle. The guidewire was passed posterior to the 

acromioclavicular joint to exit the skin laterally. The lateral end of the clavicle was then 

opened with a cannulated drill over the guidewire (Fig. 3.2B). A flexible guidewire was 

inserted in a retrograde manner through the cannulated drill to exit laterally. The 

fracture was reduced and held in position while the guidewire was passed over the 

fracture into the medial fragment. The canal was then reamed under power with a 

flexible reamer from lateral to medial. The length of implant required was measured 

by passing a length gauge over the reamer when it was at its most medial position 

past the fracture. An insertion guide was placed into the lateral end of the clavicle over 

the guidewire prior to its removal. The intramedullary nail was connected to the locking 

jig and inserted into the lateral aspect of the clavicle over the insertion guide. The 

device was passed over the fracture into the medial end of the clavicle. Once the 

desired position of the device was confirmed, the grippers were activated from distally 

(Fig. 3.2C). Laterally, the device was locked by placing an interlocking screw by means 

of a jig (Fig. 3.2D). Adjuvant fixation of the butterfly segments were performed using 

circlage sutures while avoiding periosteal stripping. 

 

 

 

Figure 3.2 Sonoma CRx Device 
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Statistical analysis  

The data was analyzed with STATISTICA version 12 (Stat-soft Incl., Tulsa, OK USA) 

with statistical significance accepted at p < 0.05. All data are expressed as mean ± 

standard deviation (X ± s). A Levene test was used to test the homogeneity of 

variances for the descriptive data, surgical time and incision size to warrant the use of 

parametric statistics. A one-way analyses of variance (ANOVA), was also used to 

determine any differences in general characteristics between groups, I (3-9 months 

postoperatively), II (6-9 months postoperatively) and III (9-12 months postoperatively). 

A one-way ANOVA was also used to determine any differences in shortening and 

displacement of the clavicle, surgical time and incision size between the three groups. 

Functional capacity of the shoulder measured by the DASH, Range of Motion and 

Constant Shoulder score, which were analyzed with a Kruskal–Wallis one-way 

analysis of variance. Significance was accepted at p < 0.05 
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RESULTS 

Following implantation of the intramedullary device, 3 patients developed post-

operative complications. One patient developed a deep infection, which resulted in the 

removal of the implant, at which time the fracture was partially united and no further 

surgical treatment was indicated. The infection was successfully treated with 

intravenous antibiotics. Two other patients were diagnosed with broken hardware. 

Both these failures occurred at the junction of the flexible and non-flexible portion of 

the implant. One of these patients had a second trauma incident 1-month post-

operative, but did not seek medical attention, as the clavicle bone did not look 

displaced. The other patient resumed his occupation as a manual construction worker 

at a building site 1 week post-operatively. Although the behavior of both patients might 

have contributed to failure of the device, the device in both cases was also not inserted 

far enough into the medial fragment of the clavicle. However, the clavicle fractures in 

all three subjects united in a functional and acceptable position.  

The descriptive statistics of the forty-seven patients, who had a shortened and 

displaced clavicle shaft fracture treated with the Sonoma CRxTM intramedullary nail, 

are shown in Table 3.1. No difference in age, gender and type of clavicle shaft fracture 

(configuration and amount of comminution) was found between the 3 groups. The 

mean follow-up time was 18 ± 4 weeks for group I (range: 14-23 weeks), 29 ± 4 weeks 

for group II (range: 24-36 weeks) and 44 ± 4 weeks for group III (range: 37-52 weeks).  

Table 3.1. General characteristics of the patients (mean ± SD (range)) 

 3-6 months  
post-op 
(n = 17) 

6-9 months  
post op 
(n = 16) 

9-12 months  
post op. 

(n = 14) 

 All 
patients 

(n=47) 

Age (years) 29 ± 14 34 ± 10 26 ± 9  30 ± 11 
Males/females 10 / 7 12 / 4 10 / 4  32 / 15 
Fractures types14     

 Simple 9  
(53%) 

4  
(25%) 

4  
(28.5%) 

 17  
(36%) 

 Single fragment 5  
(29%) 

5  
(31%) 

4  
(28.5%) 

 14  
(30%) 

 Multiple fragments 3 
(18%) 

7 
(44%) 

6 
(43%) 

 16  
(34%) 

Coronal displacement 
(mm) * 

19 ± 10 
(5 - 45) 

22 ± 9 
(5 - 36) 

18 ± 9 
(5 - 36) 

 19 ± 9  
(5 - 45) 

Shortening (mm) ** 15 ± 11 
(0 - 35) 

16 ± 12 
(0 - 33) 

22 ± 11 
(5 - 44) 

 17 ± 11 
(0 - 44) 

* Average coronal displacement of the lateral portion of the clavicle in relation to the medial portion of the clavicle 
** Shortening of the fractured clavicle. Post-op: post operatively. 
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All fractures were fully united at the time of review, while no radiographic evidence of 

hardware migration was found. Visual and tactile examination did not reveal any 

protrusion of the Sonoma CRx™ devise into the soft tissue or skin of the lateral 

shoulder. The functional outcome scores of the affected shoulders are shown in Table 

3.2. No differences in Range of Movement Scores (p = 0.961), Constant Shoulder 

Scores (p = 0.389) and Dash scores (p = 0.332) were found between patients in the 3 

different follow-up groups.  

 
Table 3.2. Surgical details, follow-up period and functional outcome after implanting a novel 
intramedullary device for the treatment of clavicle shaft factures (mean ± SD (range)). 

 3-6 months  
post-op. 

(n = 17) 

6-9 months  
post op. 

(n = 16) 

9-12 months  
post op. 

(n = 14) 

 All 
patients 

(n=47) 

Surgical time(min) 80 ± 19 
(45 - 110) 

71 ± 14 
(50 - 90) 

70 ± 14 
(45 - 90) 

 74 ± 16 
(45 - 110) 

Incision size (mm) 47 ± 12 
(30 - 65) 

44 ± 15 
(25 - 85) 

56 ± 21 
(35 - 100) 

 49 ± 17 
(25 - 100) 

      

Dash Score 15 ± 19  
(0 - 58) 

11 ± 7 
(0 - 63) 

8 ± 18 
(0 - 70) 

 11 ± 18 
(0 - 70) 

Range of 
Movement score  

36 ± 9 
(12 - 40) 

37 ± 8 
(8 - 40) 

38 ± 3 
(28 - 40) 

 37 ± 8 
(8 - 40) 

Constant 
Shoulder Score 

89 ± 13 
(58 - 100) 

87 ± 17 
(47 - 100) 

93 ± 10 
(70 - 100) 

 90 ± 13 
(47 - 100) 
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DISCUSSION  

Forty-seven patients with displaced and shortened clavicle shaft fractures were treated 

with an innovative intramedullary fixation device, also known as the Sonoma CRx™. 

The mean operation time to implant the device was 74 ± 16 min, with a range from 45 

to 110 minutes. The mean incision length was 49 ± 17 mm, which is substantially less 

than the incision size needed to plate clavicle shaft fractures (80 to 100 mm).1,7,16 

However this difference can be explained by the design of the intramedullary device, 

which is fixed medially by distally activated grippers and laterally by one screw placed 

through a jig. This necessitates only opening the fracture site itself. No signs of 

migration of the new intramedullary device were found at the time of the follow up 

consult, while visual inspection and a physical examination did not reveal any 

protrusion of the CRxTM device into the surrounding soft tissue or skin.  

Three patients developed complications after implantation of the device, which is 

comparable to the complication rates reported in studies using other extramedullary 

and intramedullary clavicle fixation devices.2,6,15 Two of our patients (4%), who started 

loading the shoulder excessively directly after surgery, reported to the hospital with 

hardware failures, while one patient (2%) developed an infection post-operatively. In 

the latter case, the device was removed while in the other 2 cases follow-up x-rays 

showed that the CRxTM devices were also not inserted far enough medially into the 

medial fragment to bridge the fracture site adequately, which might have contributed 

to the malfunctioning of the device. The hardware was left in situ in these two cases 

as signs of fracture union were observed at the time of presentation with the 

complication. The fractures united uneventfully despite the hardware failure with no 

further interventions required. In line with our findings, Palmer et al. also reported 

hardware failures of the CRxTM device, one a patient who was diving to catch a Frisbee 

and one in a patient who fell of his motorbike.17 No hardware failures were found in 

our remaining 44 patients, who anecdotally also reported to have fallen on several 

occasions. This suggests that potentially other underlying factors, such as biological 

factors and technical mistakes, might play a role in the malfunctioning of the device.  

All fractures were fully united at the follow-up visit irrespective of whether the patient 

was seen 3-6, 6-9 or 9-12 months post-operatively. Although we cannot conclude that 

fractures were fully united within a certain timeframe, the results within group I 
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suggests that it can be reasonably expected that the fracture will unite within 6 months. 

However, a longitudinal study with a larger sample size is needed to determine the 

exact timeframe at which clavicle shaft fractures generally unite when using the CRxTM 

device.  

The functional capacity of the shoulder post-operatively was measured with the range 

of motion division of the Constant Shoulder Score, the Constant Shoulder Score and 

the DASH score.3,10 DASH and Constant Shoulder scores observed 3-6 months post-

operatively were similar to the values found in patients 6- 9 months and 9 -12 months 

and comparable to the norms published by Katolik et al.,12 the work by Jester et al.11 

and Wijdicks et al.4 and what has been reported when using other intramedullary and 

extramedullary devices.2, 9 

Patients in both groups were immobilized for 6 weeks.  This period is slightly longer 

than the typical immobilization period for plated patients.  Despite this prolonged 

immobilization period the shoulder range of movement recovered to normal at an early 

stage. 

The main limitation of the current study design is that patients were followed up 

longitudinally, so that effects over time can be made. As the CRxTM device was not 

compared to a traditional plating technique, no conclusion can be drawn whether 

nailing or plating of clavicle shaft fractures is more effective. The current study and the 

literature suggest that both nailing and plating seem to be associated with 

complications. However, complications in both these devices are frequently caused by 

underlying biological factors and/or technical implantation mistakes causing the device 

to malfunction. Future research should aim to conduct a randomized control trial to 

establish which method can be best used to treat displaced and shortened clavicle 

shaft fractures. 

 

Conclusion 

This study shows that the CRxTM intramedullary device was able to successfully treat 

displaced and shortened clavicle shaft fractures, resulting in a 100% union rate. Good 

functional outcome scores and range of movement of the affected shoulders were 

found. Future research should aim to establish if the CRxTM intramedullary device is 
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more effective than traditional plating and when which device can best be used to treat 

patients with displaced and shortened clavicle shaft fractures. 
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INTRODUCTION 

An intramedullary nail (the Sonoma CRx) with a unique flexible anatomical design and 

locking system is a viable alternative for treatment of displaced and shortened clavicle 

shaft fractures. Displaced and shortened clavicle shaft fractures may be considered 

for surgical fixation to restore the anatomy and functional capacity of the shoulder. 

This can be achieved by using an anatomically contoured plate (extramedullary 

fixation) or an intramedullary nail. Recently, an innovative intramedullary nail, with a 

novel flexible anatomical design and unique locking system, was developed to treat 

clavicle shaft fractures.  

Clavicle fractures are relatively common1-3 in young, physically active individuals4. 

Minimally displaced fractures are generally treated conservatively, with excellent 

results. In contrast, conservative treatment of displaced and shortened fractures has 

been followed by nonunion and malunion rates as high as 15%, with their associated 

morbidity.5,6 On the basis of these findings, the management of displaced and 

shortened clavicle shaft fractures has evolved over the past two decades from purely 

supportive to a more invasive surgical approach7,8. The different treatment options for 

displaced and shortened clavicle shaft fractures can be categorized as extramedullary 

and intramedullary. Although both modalities are effective, each is associated with 

different complications and limitations. Patients treated with the extramedullary 

technique can have a prominent painful subcutaneous plate and screws,9,10 whereas 

intramedullary devices can migrate and there can be soft-tissue irritation at their 

insertion site11-13; device failure has been reported with both techniques.10,14 Potential 

advantages of intramedullary nailing are smaller surgical scars and thus potentially 

better cosmetic results as well as the possibility of preserving the vascularity to the 

bone. 

Recently Sonoma Orthopedic Products, Inc., developed an innovative intramedullary 

device called the Sonoma CRx. This intramedullary nail is unique because of its 

flexible anatomical design (of the medial part of the nail) and locking system. The aim 

is to restore the anatomy of the clavicle bone through a minimally invasive technique, 

with the goal of preserving the blood supply to the clavicle bone and minimizing 

scarring. While a study comparing the Sonoma CRx nail with a traditional anatomically 

contoured plate has yet to be completed,15 a preliminary study showed the Sonoma 
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CRx to be a viable alternative for the treatment of displaced and shortened clavicle 

shaft fractures and restoration of the functional capacity of the shoulder.16 

A patient who is to be treated with the Sonoma CRx intramedullary nail is positioned 

in the beach-chair position after administration of a general anesthetic. After the 

fracture site is opened, the medial and lateral fragments of the clavicle bone are 

prepared for the insertion of the intramedullary nail. An introduction point in the lateral 

fragment is created before the nail is inserted from the lateral side and passed as far 

as possible into the medial side of the clavicle; this is possible because of the flexible 

design of the device. Although the Sonoma CRx intramedullary nail is currently 

available in only one diameter (4.2mm), a previous anatomical study by one of us and 

colleagues17 showed that the nail can be implanted in the vast majority of patients. 

After the nail is positioned, the locking system is activated, transforming the flexible 

part of the device into a rigid one. In addition, a locking screw is placed on the lateral 

side of the clavicle; this provides length and rotational stability as well as prevents the 

device from migrating. A detailed description of the steps of the surgical technique is 

presented below. 

 

SURGICAL TECHNIQUE 

Indications and contraindications 

Indications  

Displaced and shortened clavicle shaft fracture requiring surgical intervention to 

restore the anatomy of the clavicle bone.  

Open clavicle shaft fracture. 

Clavicle shaft fracture in a polytraumatized patient. 

Contraindications 

Clavicle shaft fracture extending to within 50 mm of the medial end of the clavicle 

bone. 

Clavicle shaft fracture extending lateral to the coracoid process or conoid tubercle. 

A medullary canal that is too small to accommodate the 4.2-mm-diameter nail17. 
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Step 1: Positioning 

Place the patient in the beach-chair position (Fig. 4.1) and drape the arm free so that 

you can obtain an exaggerated anteroposterior and an axial fluoroscopic view of the 

clavicle by manipulating the position of the arm. 

 
Figure. 4.1. The patient is placed in the beach-chair position. 
 
• Place the patient in the beach-chair position with the upper body 45° to the 

horizontal and the head and neck secured in a neutral position. 

• Drape the arm on the fractured side free, so that you can flex and extend the 

shoulder. This will allow you to position the clavicle in such a way that an 

exaggerated anteroposterior (almost caudal tilt) view and axial view of the 

clavicle can be captured with fluoroscopy. 

• Place the fluoroscopy machine in line with the patient, with the C-arm over the 

patient’s shoulder and fractured clavicle. Because you can flex and extend the 

patient’s shoulder, the position of the C-arm does not have to be changed during 

the surgical intervention. 

• Infiltrate the surgical incision site with a mixture of epinephrine and local 

anesthetic to reduce bleeding at the incision site. (We used 1 mL of a 0.1 mg/mL 

solution of epinephrine mixed with 5 mL 0.5% Marcaine [bupivacaine] solution.) 

• Drape the arm and fractured clavicle sterilely in such a way that allows access to 

the surgical area as well as manipulation of the arm. 
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Step 2: Skin Incision 

The surgical technique necessitates opening the fracture site in order to implant the 

device. 

• Create an incision of about 20 to 30 mm from the tip of the medial fragment and 

extend it laterally. The length of the incision is dictated by the fracture 

configuration and amount of comminution at the fracture site, but keep the incision 

as short as possible. 

• Alternatively, an oblique incision can be made along the Langer lines over the 

distal tip of the medial fragment. If the incision needs to be extended medially or 

laterally, the incision can be “z’ed” by extending the inferomedial aspect of the 

incision medially and the superolateral aspect laterally. The primary advantage of 

the oblique incision is that it tends to heal quite well cosmetically since it does not 

cross the Langer lines (Fig. 4.2). 

 

 
Figure 4.2 Image of a left shoulder and clavicle after treatment with the intramedullary nail. The scar 
shows the location of the transverse incision over the fracture, while the dotted line indicates the location 
of an alternative longitudinal incision.  
 
 

• Identify and preserve the branches of the supraclavicular nerves. 

• Try to avoid stripping off the periosteum from the medial and lateral clavicle 

fragments. 
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• The incision should allow you access to the less mobile lateral clavicle fragment, 

which is secured by the coracoclavicular ligaments, and the more mobile medial 

fragment. 
 
 

Step 3: Preparing the Medial Fragment 

The preparation of the medial fragment is of utmost importance as the intramedullary 

Sonoma CRx nail should be placed as far as possible into the medial fragment of the 

clavicle, to provide the highest level of stability and the lowest risk of device failure. 

• Locate the medial fragment of the clavicle bone and manoeuvre the fragment to 

enable easy access to the medullary canal. The lateral end of the medial 

fragment can be grasped with a towel clip to elevate it into the incision. 

Placement of a Key elevator under the medial fragment decreases the likelihood 

of the drill or awl skiving off and going deep to the medial fragment, potentially 

causing damage to the underlying neurovascular structures. 

•  Open the medial medullary canal with a 3-mm curved awl. If needed, use a 2-

mm drill to open the initial 1 cm of the medial medullary canal (Video 1 

(https://journals.lww.com/jbjsest/Fulltext/2016/06010/A_Novel_Intramedullary_L

ocked_Fixation_Device_for.8.aspx)). Ensure that the awl penetrates only the 

medullary canal and does not pass behind the clavicle bone, as this could 

damage neurovascular structures. 

•  After opening the medullary canal with the awl, gently enlarge the entry point by 

sliding the sharp point of the awl against the superior roof of the medullary canal. 

It is very important that the awl be passed with a slight oscillating movement 

because turning the awl in too much will cause the path through the canal to be 

oblong rather than round. 

•  Ream the medullary canal with a 4.5-mm blunt reaming awl that is curved to 

follow the curvature of the clavicle bone in the axial plane (Video 1). Prepare the 

medial fragment canal as deeply as possible—at least 50 mm past the fracture 

site. 
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•  Keep fluoroscopy times to the bare minimum during the surgical procedure. 

(Note that the fluoroscopy times used in video 1 were for the purposes of 

demonstrating the technique and are longer than would be used normally.) 

 

Step 4: Preparing the Lateral Fragment  

Preparation of the lateral fragment is more challenging than preparation of the medial 

fragment because of its relative immobility and shorter medullary canal. 

• Locate the lateral fragment of the clavicle bone and manoeuvre the fragment to 

enable access to the medullary canal. Although good exposure is preferred, do 

not violate the coracoclavicular ligaments on the inferior border of the lateral third 

of the clavicle during this procedure. If it is too difficult to access the canal because 

of the patient’s head and neck, externally rotate the involved arm to bring the 

fragment into more of an anterior-posterior orientation rather than a medial-lateral 

orientation. 

• Open the medullary canal again with a straight, sharp 3-mm awl. Alternatively, a 

2-mm drill-bit can be passed to check the orientation of the lateral canal (Fig. 4.3, 

Video 2). By flexing and extending the shoulder you can obtain an 

“anteroposterior” and an “axillary” equivalent fluoroscopic image. The trajectory 

of the drill-bit on the axillary view should be to a midpoint on the posterolateral 

cortex of the clavicle halfway between the conoid tubercle and the 

acromioclavicular joint. 
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Figure 4.3. Opening the lateral entry point using a 2-mm drill-bit. 

 

• On the anteroposterior view, the drill-bit should be at the “equator” of the clavicle. 

The combination of these two aiming points represents the ideal exit point on the 

lateral fragment. Exiting too high may result in the fragments being flexed 

superiorly in relation to each other, and exiting too low can result in an apex 

inferior angulation. Exiting too far medially can cause an apex posterior 

angulation of the clavicle, and exiting too far laterally can result in an apex anterior 

angulation. 

• Enlarge the canal with a straight 4.5-mm blunt awl or drill-bit (Fig. 4.4). Note that, 

in most cases, the blunt awl can be passed only about 20mm beyond the fracture 

site. 
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Figure 4.4. Enlarging the entry point using a 4.5-mm drill-bit. 

 

• Place an aiming awl in the medullary canal and drill a Kirschner wire through the 

cannulated aiming device from the medial side to the lateral side of the fragment. 

The Kirschner wire should exit on the posterior-lateral surface at the equator of 

the clavicle, halfway between the conoid tubercle and the acromioclavicular joint. 

• Once the wire has penetrated the skin, create a 10mm incision that can 

accommodate the passage of a cannulated drill over the Kirschner wire and, at a 

later stage, the Sonoma CRx intramedullary nail. 

• With a 4.5-mm cannulated drill-bit, open the lateral entry point in the lateral 

fragment over the Kirschner wire. 

• Remove the Kirschner wire and pass a “flutter” flexible guidewire into the 

cannulated drill with only the flattened tip of the guidewire protruding from the end 

of the cannulated drill. 
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Figure 4.5 Opening the medullary canal of the lateral fragment of the clavicle with a 4.5-mm cannulated 
drill-bit. 
 
 

• Then pass the cannulated 4.5-mm drill-bit in a retrograde fashion to ream the 

lateral canal (Fig. 4.5). Once the tip of the drill-bit is slightly medial to the medial 

most aspect of the lateral fragment, use the drill-bit to obtain a provisional fracture 

reduction. This is done by lifting up the patient’s elbow to counteract the 

downward displacement of the lateral fragment due to gravity while at the same 

time depressing the medial fragment. Then pass the 4.5-mm drill-bit and 

guidewire a short distance into the medial fragment. Compare the diameters of 

the two fragments to make sure that they are equal; a difference in their diameters 

can represent a rotational deformity and must be corrected. Loss of length caused 

by fracture comminution can also result in a discrepancy in fragment diameter. 

• Use the 4.5-mm cannulated drill to place the flutter flexible guidewire into the 

medial fragment of the clavicle bone (Fig. 4.6 and Video 3). Generally, this can 

be achieved most easily by asking an assistant to lift the patient’s elbow while the 

surgeon pushes the medial fragment of the clavicle down. 
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Figure 4.6. Reduction of the fracture, and positioning of the flutter wire using the drill. 

 

• Once you have entered the medullary canal of the medial fragment, pass the 

flexible guidewire into the most medial end of the medial fragment. 

• Ream the entire canal with a 4.5-mm flexible reamer under power, from the lateral 

side of the lateral fragment to the most medial part of the medial fragment (Video 

3). Once the most medial part of the medial fragment is reached, make sure that 

at least 50 mm of the medial fragment has been reamed; there is a band on the 

flexible reamer marking the 50-mm length (Fig. 4.7). 
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Figure 4.7. The fracture is held reduced while the canal is reamed with the flexible reamer. 

 

• Disconnect the drill and place the measuring device over the reamer. Read the 

required nail length of the measuring device. 

• Remove the reamer and measuring device, but not the flexible guidewire. 

• Pass the insertion device over the guidewire into the lateral fragment for about 

10mm. 

• Remove the guidewire and the inner tube of the insertion device, leaving only the 

guide channel in the medullary canal. 

• Keep fluoroscopy times to the bare minimum during the surgical procedure. 

(Note that the fluoroscopy screening times used in Video 2 were for the purposes 

of demonstrating the technique and longer than would be used normally.) 
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Step 5: Placement of the Intramedullary Nail  

Use the longest possible intramedullary nail that the clavicle can accommodate and 

insert the nail as far medially as possible into the medullary canal of the clavicle bone. 

• Connect the selected Sonoma CRx intramedullary nail to the lateral locking jig. 

Make sure to use the longest possible intramedullary nail that the clavicle can 

accommodate. 

• Insert the Sonoma CRx intramedullary nail, which is 4.2 mm in diameter, along 

the guide channel into the medullary canal of the lateral fragment. Once the tip of 

the intramedullary nail is inside the lateral fragment, remove the guide channel. 

• To ensure that the intramedullary nail enters the medial fragment, reduce the 

fracture site with the use of reduction clamps. While doing so, gently tap on the 

back of the jig with a light hammer to insert the device fully into the medial side of 

the clavicle bone. Inserting the nail as deeply as possible into the medial fragment 

of the clavicle provides the optimal stability for the fracture and minimizes the risk 

of device failure. Note that the notch of the lateral locking screw should be placed 

just past the superior cortex and be visible on fluoroscopy, to ensure that the 

lateral locking screw can be placed. 

• Take care not to insert the device so deeply that the lateral end is buried under 

the cortex of the clavicle as this will make removal of the device considerably 

more difficult. 

• Keep fluoroscopy times to the bare minimum during the surgical procedure. (Note 

that the fluoroscopy screening times used in Video 3 were for the purposes of 

demonstrating the technique and longer than would be used normally.) 

 

Step 6: Activation of the Locking Device 

Lock the device at its medial end with distally deployed grippers and laterally with a 

locking screw placed through a jig. 

• Once the Sonoma CRx intramedullary nail is placed in the desired position, 

activate its innovative locking device with use of the torque-limiting actuation 

driver. This activation will cause the flexible part of the nail to become rigid in the 

desired anatomical shape, while a set of grippers at the medial end of the nail is 
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deployed. Turn the driver approximately twenty times until the lines on the driver 

handle line up with the lines on the shaft of the driver. 

• Confirm full deployment of the grippers with fluoroscopy. 

• Once the device is locked medially, place a drilling sleeve through the locking 

guide on the lateral side of the nail. This drilling sleeve will indicate the position of 

the lateral locking hole. 

• Make a 1-cm incision at the indicated location of the lateral locking hole. 

• Drill a hole using the lateral locking jig to place the lateral locking screw. Do this 

carefully as the drill-bit is quite thin and can become misaligned. Ensure that the 

locking guide is flush with the bone with no intervening soft tissue. The locking 

screw should engage the superior and inferior cortices of the clavicle, as this 

provides the best rotational stability 

• Once the locking screw is placed, replace the actuation driver in the lateral end 

of the nail (Video 3). If the driver engages the nail, the locking hole has been 

missed and should be repositioned. 

• Confirm the correct placement of the Sonoma CRx intramedullary nail with 

fluoroscopy. 

 

Step 7: Management of Comminuted Fracture Fragments 

Comminuted fractures are not a contraindication to the use of the intramedullary 

device as they can be reduced by the nail and secured by using cerclage sutures. 

• Hold the comminuted fracture out to length before activating the intramedullary 

nail and passing the interlocking screw, to ensure that the anatomical length is 

being restored. 

• Use absorbable cerclage sutures to secure all comminuted fracture fragments to 

the intramedullary nail, while trying to preserve their soft-tissue attachments. 

While taking care not to strip off soft tissue unnecessarily, pass the suture around 

the fracture fragment as either a single or a double strand under direct vision. A 

specially designed Crego elevator in the set facilitates this. 

• Suture smaller comminuted fracture fragments back onto the strut provided by 

the nail, again ensuring that soft-tissue attachments are preserved. Suturing small 
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fragments back onto the nail provides bone stock at the fracture site, enabling 

union of even comminuted fractures. 
 

Step 8: Postoperative Management 

Protect the affected shoulder in a shoulder immobilizer for six weeks. 

• The patient wears a broad arm sling for six weeks, during which time he/she 

performs pendulum-type exercises of the shoulder and range-of-motion exercises 

of the elbow six times a day. Heavy lifting and strenuous overhead activities are 

avoided until bridging callus is seen on follow-up radiographs. 

• If bridging callus is seen on six-week postoperative radiographs, the patient is 

allowed to return to activities as tolerated. Since an intramedullary nail is a load-

sharing device, allowing full function will facilitate healing—unlike the case with a 

plate, which is load-bearing. An important distinction between bone healing after 

use of an intramedullary device and that after plate fixation is that callus can be 

seen and followed on radiographs after intramedullary fixation. Because of the 

direct, noncallus nature of bone healing following plate fixation, healing can only 

be inferred based on a lack of complications such as screw loosening or plate 

breakage. 

• Most patients have achieved a full range of motion and normal shoulder function 

by three months. 
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RESULTS 

In our original study,16 forty-seven consecutive patients with a displaced and shortened 

clavicle shaft fracture were treated with open reduction and internal fixation using the 

Sonoma CRx device. The average duration (and standard deviation) of the operation 

to implant the Sonoma CRx intramedullary nail was 74 ± 16 minutes, and the mean 

incision length (the total for the three incisions needed to implant and lock the device) 

was 49 ± 17 mm. The patients were divided into three groups according to whether 

the postoperative assessment had been performed at three to six months, six to nine 

months, or nine to twelve months postoperatively. All forty-seven fractures had fully 

united at these assessments. Two patients (4%) were diagnosed with device failure, 

but retrospective analysis suggested that these failures were most likely caused by a 

second traumatic incident (one patient) and nonadherence to the immobilization 

protocol (one patient). Although the device failed, both fractures united without 

additional intervention. 

The functional capacity of the shoulder was assessed on the basis of the range of 

motion; the Disabilities of the Arm, Shoulder and Hand (DASH) score;18 and the 

Constant Shoulder (CS) score.19 The range of motion and DASH and CS scores were 

good in all three groups and did not differ among the groups. These findings suggest 

that displaced and shortened clavicle fractures can be treated with the Sonoma CRx 

intramedullary nail and that full function of the shoulder can be regained as early as 

three to six months postoperatively.16 However, as this study was cross-sectional, no 

conclusions regarding changes over time could be drawn. In addition, because no 

patients were treated with an anatomically contoured plate, it was also not possible to 

draw conclusions regarding the effectiveness of the Sonoma CRx intramedullary nail 

compared with traditional anatomical plate fixation. 

We are currently conducting a randomized controlled trial comparing anatomically 

contoured plate fixation with intramedullary nailing for displaced and shortened clavicle 

fractures.15 We randomly assigned patients to treatment with either a traditional 

anatomically contoured plate or a Sonoma CRx intramedullary nail. Patients were 

followed at twelve months post-surgery. At the time of writing, forty-seven patients 

(twenty-five in the anatomical plate group and twenty-two patients in the intramedullary 

nail group) had completed the study. Preliminary data from this cohort determined that, 
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on average, the nailing group had a shorter operating time (43 ± 8 minutes versus 60 

± 19 minutes, p = 0.0029) and a shorter incision (38 ± 9 mm versus 118 ± 19 mm, p 

<0.0001). No failure of either the anatomical plate or the intramedullary nail was 

observed. The intramedullary nail group also had a lower mean DASH-score (2 ± 5 

versus 16 ± 18, p = 0.0071) and a higher mean CS score (96 ±6 versus 90 ± 18, p = 

0.0122) twelve months postoperatively. Although the trial has not yet been completed 

and has not reached sufficient power, the initial findings suggest that the Sonoma CRx 

intramedullary nail may be an effective alternative for the treatment of displaced and 

shortened clavicle fractures. However, there will always be a place for both plate 

fixation and nailing in the treatment of clavicle fractures, and that treatment choice 

should be based on the patient’s personal profile and goals. 
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PITFALLS & CHALLENGES 

• Place and secure the patient in the beach-chair position so that adequate 

fluoroscopic images of the clavicle bone can be obtained. Before starting the 

surgery, make sure that you can see the medial and most lateral aspects of the 

clavicle using the fluoroscopy machine. 

• Avoid periosteal stripping of the medial and lateral fragments and preserve the 

soft-tissue attachments and blood supply of comminuted fracture fragments. 

• Prepare the medial fragment canal as deeply as possible—at least 50mm past 

the fracture site. 

• Use the longest possible intramedullary nail to achieve the highest level of stability 

and lowest risk of device failure. 

• Reduce comminuted fracture fragments back onto the implant and secure them 

with absorbable cerclage sutures. 

• A special device is available for removal of the nail, which can be done with 

relative ease. The lateral locking screw needs to be removed, a small incision 

over the entry point laterally is made, and the device is deactivated. This allows 

the medial grippers to retract to allow extraction of the nail. 

 

CLINICAL COMMENTS 

• Initial findings suggest that the Sonoma CRx intramedullary nail is a good 

alternative for the treatment of displaced and shortened clavicle shaft fractures. 

• Preliminary data have shown that the Sonoma CRx intramedullary nail yields a 

good union rate with a very low rate of device migration. 

• The aim of future research should be to determine the advantages of plate fixation 

and nailing of clavicle shaft fractures in different populations. 
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THE EFFECTIVENESS OF A FLEXIBLE LOCKED INTRAMEDULLARY NAIL AND 
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ABSTRACT 

Background: Displaced and shortened clavicular shaft fractures can be treated 

operatively with intramedullary or extra- medullary fixation. The aim of the present study 

was to compare the union rates and functional outcomes of displaced and/or shortened 

clavicular shaft fractures treated with a flexible locked intramedullary nail or with an 

anatomically contoured locked plate. 

Methods: Seventy-two patients with acute displaced and/or shortened clavicular 

shaft fractures underwent randomly assigned management with either an 

intramedullary locked nail or an anatomically contoured locked plate. The same 

surgeon performed all surgical procedures, and all patients underwent identical 

postoperative treatment regimens. Incision length, surgical time, and union rate were 

recorded, and the functional outcome of the shoulder was assessed with use of the 

Disabilities of the Arm, Shoulder and Hand (DASH) and Constant Shoulder (CS) 

scores. Data were analyzed with use of traditional statistical methods as well as 

Cohen effect sizes, which were based on the minimal clinical important differences. 

Results: Thirty-seven patients were managed with an anatomically contoured 

locked plate, and 35 patients were managed with a Sonoma CRx intramedullary 

flexible locked nail. There were no differences in general patient characteristics, 

fracture type, or displacement between treatment groups. The nailing group had 

significantly better outcomes (p < 0.001) than the locked plating group for surgical 

time (mean and standard deviation [SD], 45 ± 12 compared with 65 ± 21 minutes, 

respectively) and incision size (mean and SD, 37 ± 9 compared with 116 ± 18 mm). 

A union rate of 100% was observed in both groups. DASH scores were similar 

between groups at 1.5, 3, and 6 months, whereas the nailing group had significantly 

better DASH scores at 12 months (p = 0.022); however, this difference had only a 

moderate effect size. Overall, individual variation in DASH and CS scores was 

substantially higher in the plating group compared with the nailing group. 

Conclusions: Both the pre-contoured locked plate and the flexible locked 

intramedullary nail effectively treated displaced and/or shortened clavicular shaft 

fractures. Similar outcomes were achieved at 1.5, 3, and 6 months after surgical 

intervention, and better DASH scores were observed in the nailing group at 12 months. 

Cohen effect sizes suggested that slightly better outcomes were potentially achieved 
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in the nailing group. 

 

Level of evidence: Therapeutic Level I, Randomized Controlled Trial. 

Keywords: Clavicle fracture; intramedullary nail; anatomical plate; union; shoulder function 
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INTRODUCTION 

Clavicle fractures are common, comprising 2.6 to 4.0% of all adult fractures and 

accounting for 35% of injuries to the shoulder girdle.1 Recent studies have indicated 

higher complication rates in fracture types treated non-operatively.2–4 In nonoperatively 

treated clavicular fractures, poorer outcomes have been associated with a higher 

degree of shortening.3,5,6 Compared with nonoperative treatment, operative treatment 

of displaced clavicular shaft fracture is associated with improved shoulder function, as 

measured with the Disabilities of the Arm, Shoulder and Hand (DASH) and Constant 

Shoulder (CS) scores7. In nonoperatively treated clavicle fractures, poorer outcome 

results have been associated with a higher degree of shortening.3,5,6 It is widely 

accepted that minimally displaced clavicular shaft fractures can and should be treated 

conservatively, with either a sling or a figure-of-8 bandage.1,4 Operative treatment 

consists of open reduction and internal fixation involving locked or non-locked plates 

or involving intramedullary rods, wires, or nails2. Numerous intramedullary fixation 

devices are available, including Knowles pins (Zimmer), Hagie pins (DePuy), 

Rockwood pins (DePuy), minimally invasive titanium nails (Synthes), and the Sonoma 

CRx nail (Sonoma Orthopedic roducts).1,6,8,9 

Although several randomized controlled trials and systematic reviews have compared 

intramedullary nailing to traditional anatomical plating,10–12 to our knowledge, no study 

to date has compared traditional plating with the use of the SonomaCRx nail. In 

contrast with other nails, the Sonoma nail has a flexible medial part that allows the nail 

to follow the anatomical shape of the clavicle.9,13 After positioning the nail, the flexible 

part is made rigid with the use of an activation screw.13 The lateral aspect of the device 

is locked with an interlocking screw and the medial aspect deploys grippers, providing 

rotational and length stability. 

The aim of the present study was to compare the union rates and functional outcomes 

of displaced and/or shortened clavicular shaft fractures treated with a flexible locked 

intramedullary nail or with an anatomically contoured locked plate. 
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METHODS 

Study design  

This randomized controlled study compared the effectiveness of a flexible locked 

intramedullary nail with that of an anatomically contoured plate to restore union of the 

clavicle and the functional capacity of the shoulder in patients with a displaced and/or 

shortened clavicular shaft fracture. Patients who had sustained a displaced and/or 

shortened clavicular shaft fracture between 2011 and 2013 and who sought treatment 

at the Division of Orthopaedic Surgery at the Tygerberg Academic Hospital were 

invited to participate in the study. Before enrollment, all patients signed an informed 

consent form, after which they were randomly assigned to either of the 2 treatment 

groups. 

Ninety-two patients were identified for inclusion in the study (Fig. 5.1). Patients had to 

have been admitted to the hospital with a fracture of the shaft of the clavicle, as 

determined by the Allman classification14. In addition, the fracture had to be (1) 

shortened by ≥15mm and/or (2) 100% displaced and/or comminuted. Patients with 

previous clavicular fractures or a pathological fracture were excluded from the study. 

A total of 5 patients were excluded from the study: 1 for not meeting inclusion criteria, 

2 who declined to participate, and 2 who demanded a specific treatment and thus 

could not be randomized to a treatment group. 

With use of a computerized block randomization program, 42 patients were allocated 

to the nailing group and 45 patients were allocated to the plating group (Fig. 5.1). One 

patient in the nailing group did not receive the allocated intervention and was excluded 

from the study. During the study, 14 patients (6 in the nailing group and 8 in the plating 

group) were lost to follow-up, of whom 9 opted not to come back for follow-up 

assessments without providing a reason; these patients are marked as “unknown” in 

Fig. 5.1. The primary outcomes of the study were the union rate and the functional 

shoulder capacity, as measured with the use of the DASH15 and CS16 scores, at 1.5, 

3, 6, and 12 months after the surgical procedure. In addition, surgical time, incision 

size, and rate of hardware failure were compared. 
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Figure 5.1. CONSORT flow diagram 

 

Ethical Considerations 

Ethical approval for this study was granted by the Health Research Ethics Committee 

of Stellenbosch University (M11/05/012; IRB0005239), and hospital clearance was 

given by Tygerberg Hospital. The principles outlined by the Declaration of Helsinki 

were followed. 
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Operative Treatment  

Patients were assessed on admission and kept in a shoulder immobilizer until they 

underwent operative treatment.13 Fifteen degree cephalad tilt radiographs were made 

at admission and used to classify fractures according to the Allman classification 

system14. The surgical preparation was similar for both groups, with patients being 

positioned in the beach chair position. Preoperatively, patients were administered 2 g 

of intravenous cefazolin and a general anesthetic.13 

 

Anatomically Contoured Locked Plate  

Patients in the anatomically contoured locked plating group were managed with the 

Acumed Clavicle Plating System. All plates were positioned superiorly, and the 

branches of the supraclavicular nerve were identified and protected during dissection. 

Care was taken not to disrupt the nerve branches while positioning the plate. Fractures 

were reduced, and fragments deemed large enough were fixed with interfragmentary 

lag screws. Small comminuted fragments were reduced and fixated with cerclage 

sutures. Closure of the wound was performed in layers, with care taken to approximate 

the detached muscle insertions over the plate and to approximate the platysma muscle 

as a separate layer. 

 

Flexible Locked Intramedullary Nail 

Patients allocated to the flexible locked intramedullary nailing group were managed 

with a Sonoma CRx intramedullary nail. This nail features a medial WaviBody 

assembly (Arthrex), which is a flexible portion that becomes rigid once activated. The 

nail is inserted into the medullary canal following reduction of the fracture13 with the 

flexible medial portion alongside the axial and coronal curvature of the clavicle. 

Following insertion and alignment along the clavicle, the WaviBody assembly is 

activated, becoming rigid and deploying grippers at the medial tip of the nail. These 

grippers, together with a lateral interlocking screw, secure the nail into place and prove 

length and rotational stability. A visual step-by-step process and description of the 

surgical technique involving the Sonoma nail has been previously published.13 
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Rehabilitation and Data Capturing  

The affected upper extremity was supported in a shoulder immobilizer for 6 weeks. 

Patients were advised to perform pendular exercises of the shoulder and 

flexion/extension exercises of the ipsilateral elbow 6 times a day for the 6-week period. 

Full range of movement exercises of the shoulder were commenced after 6 weeks. 

Full return to activity and contact sports were advised after 3 months.13 

 
Shoulder Function Assessments 

Shoulder function was measured with use of DASH15 and CS16 scores, with each 

patient being assessed by a single independent and experienced physiotherapist. The 

DASH system is a 30-item questionnaire quantifying physical function and symptoms 

of the upper limb,13 with scores ranging from 0 (no disability) to 100 (completely 

disabled).13 CS scores are based on the flexion, abduction, internal and external 

rotation, and range of motion of the shoulder, with scores ranging from 0 (severe 

impairment) to 100 (no impairment).16 Union was determined by an independent 

radiologist on the basis of anteroposterior radiograph with a 15˚ cephalad tilt. 

 
Sample Size 

An a priori sample size calculation was performed to determine the minimum sample 

size for this study. The sample size calculation was based on data from Gummesson 

et al.17 and the minimal clinically important difference (MCID) for DASH18 and CS19 

scores, which was set at 10 ± 13 points for both. To achieve a power of 80% with a 

significance level of 0.05, the sample size analyses indicated that 27 patients had to 

be allocated to each group. Based on potentially high drop-out rates, we aimed to 

recruit about 45 patients in each group. 

 

Data Analysis 

The data were analyzed with STATISTICA (version 13.3; TIBCO Software). 

Distribution and homogeneity of variances for the data were assessed with use of a 

Levene test. Differences in descriptive parametric parameters were analyzed with use 

of a t-test, and nonparametric descriptive parameters were analyzed with use of a 
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Mann-Whitney U test. DASH and CS scores were accepted as parametric data, which 

was in line with other randomized controlled trials.12,20,21 Differences over time (at 1.5, 

3, 6, and 12 months), between treatment groups, and interaction effects (time x group), 

were analyzed with a repeated-measure analysis of variance test, with a Tukey post-

hoc analysis when significance was found. Cohen effect sizes were calculated and 

determined as trivial (<0.2), small (≥0.2 to <0.5), moderate (≥0.5 to <0.8), or large 

(≥0.8).22 Significance was set at p < 0.05. 

 
Trial Registry 

This study was registered in the public Pan African Clinical Trial Registry 

(PACTR201805003376209). 
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RESULTS 

Of the 72 patients with a displaced and/or shortened clavicular shaft fracture who 

completed the study, 35 (49%) were managed with the pre-contoured locked plate and 

37 (51%) with the flexible Sonoma CRx nail (Table 5.1). 

 

Table 5.1 Characteristics of the patients in the nailing and in the plating group 

Characteristic Plating Group (n=37) Nailing Group (n=35) p-value 

General    

Age (yrs) 35 ± 12 29 ± 14 0.439 

Sex    

Male 20 (54%) 26 (74%) 0.991 

Female 17 (46%) 9 (26%) 0.979 

    

Injury details    

Fracture types    

Simple 23 (62%) 23 (66%) 0985 

Single fragment 2 (5%) 3 (8%) 0.773 

Multiple fragment  11 (30%) 9 (26%) 0.983 

Coronal displacement (mm) 22 ± 9 25 ± 13 0.186 

Shortening (mm) 14 ± 9 15 ± 10 0.970 

    

Surgery details    

Cutting time (min) 65 ± 21 a 45 ± 12 a < 0.001 

Scar length (mm)  116 ± 18 b 37 ± 9 b < 0.001 

Continuous data is expressed as mean ± standard deviation, while categorical data is expressed as n (percentage).  

 

Although no differences were found in the general characteristics, the nailing group 

had significantly better outcomes than the locked plating group for surgical time (mean 

and standard deviation [SD], 45 ± 12 compared with 65 ± 21 minutes) and incision 

size (mean and SD, 37 ± 9 compared with 116 ± 18 mm; p < 0.001) (Table 5.1). At 12 

months, a union rate of 100% was observed in both the anatomically contoured locked 

plating group and the locked intramedullary nailing group. 
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The nailing group had significantly better DASH scores at 12 months (p = 0.022), 

whereas scores were similar between groups at 1.5, 3, and 6 months (Table 5.2, Fig. 

5.2). However, only small to moderate Cohen effect sizes were found (Fig. 5.3). 

Interestingly, 2 patients in the plating group had a worse DASH score at 12 months 

than at 6 months (Fig. 5.2). 

 

Table 5.2. Changes in functional outcome scores at 1.5, 3, 6 and 12 months post-operatively 

Parameter Plating 
Group* 
(points) 

Nailing 
Group* 

Mean Difference 
between the 
Plating and 

Nailing Group 
(Points) 

p-value  Cohen effect 
size 

(95% CI) † 

Descriptor 

DASH scores (points) ‡       

1.5 months 23 ± 24 16 ± 15 7 0.590  0.32 
(-0.12 – 0.76) Small 

3 months 16 ± 17 10 ± 12 6 0.670  0.37 
(-0.02 – 0.75) Small 

6 months 13 ± 16 5 ± 6b 8 0.419  0.57  
(0.18 – -0.96) Moderate 

12 months 17 ± 19 5 ± 6 12 0.022§  0.70 
(0.29 – 1.10)  Moderate 

        

Constant Shoulder scores (points) ‡     

1.5 months 71 ± 21 82 ± 14 11 0.091  0.61 
(0.17 – 1.06) Moderate 

3 months 83 ± 19c 93 ± 7d 10 0.107  0.56 
(0.21 – 0.91) Moderate 

6 months 87 ± 16 97 ± 6 10 0.173  0.64 
(0.25 – 1.03) Moderate 

12 months 91 ± 12 97 ± 5 6 0.612  0.57 
(0.13 – 1.01) Moderate 

*Data are presented as the mean and SD. †Data are presented as the mean with the 95% confidence interval in parentheses; 
positive values reflect a better effect size in nailing and negative values reflect a better effect size in plating. ‡The MCID was 
10.85 for DASH scores and 10.4 for CS scores18,19. §Significant. 
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Figure 5.2. Functional outcome scores at 1.5, 3, 6 and 12 months after surgical intervention in the 
plating (blue circles) and in the nailing group (red circles), expressed as mean (2A) & individual (2C) 
scores and mean (2B) & individual (2D) CS scores. 

 

 
Figure 5.3. Overview of the DASH and CS Cohen effect sizes 
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Complications 

One patient in each group was treated with oral antibiotics for superficial wound 

infections. Hardware failure was also observed in 1 patient from each group. One 

patient in the nailing group, who resumed hard physical work directly after the 

operation against the postoperative treatment regimen, was diagnosed with hardware 

failure at the junction of the flexible and the rigid part of the nail. In 1 patient in the 

plating group, the screws of the lateral fragment of the plate were pulled out as a result 

of a fall in the shower; the plate was removed, but the patient declined any other further 

treatment to correct the malunion. Except for this removal, no other anatomical plates 

or intramedullary nails were surgically removed. 
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DISCUSSION 

The present randomized controlled trial aimed to compare the treatment of displaced 

and/or shortened clavicular shaft fractures with either an anatomically contoured 

locked plate or a flexible intramedullary nail that is locked into position with medial 

grippers and a lateral interlocking screw. Patients were well randomized, as the age, 

gender, and fracture types were similar both groups; however, surgical time and 

incision size differed by a factor of 1.4 and 3.1, respectively (Table 5.1). Treatment 

with both the anatomically contoured locked plate as well as the locked intramedullary 

nail resulted in a 100% union rate. Differences in shoulder function, as measured by 

DASH and CS scores, were assessed with use of traditional statistical methods as 

well as the Cohen effect size to determine the likelihood that these differences were 

clinically meaningful. Similar DASH and CS results were observed in the nailing and 

plating groups except at 12 months, at which point the mean DASH score was slightly 

better in the nailing group (p = 0.022). However, only a moderate Cohen effect size 

was observed. In addition, individual data plots show that 2 patients in the plating 

group had substantially worse DASH scores at 12months compared with 6 months 

(Fig. 5.2-D). Although no clear reason for this worsening could be found, excluding 

these points from the data set resulted in no longer finding a difference between the 

plating and nailing group for DASH scores at 12 months (p = 0.151), which supports 

the finding that this difference might not be clinically relevant. 

The DASH and CS scores observed in the plating group are in line with those of 

studies involving similar and/or the same plate.23 DASH and CS scores reported in the 

flexible nail group of the present study tended to be higher than those reported in rigid 

nails or pins.24–27 Whereas we observed a mean CS score of 97, Ferran et al.25, Liu et 

al.26, and Lee et al.27 reported scores of 92, 86, and 95, respectively, with use of a 

Rockford nail, a titanium elastic nail, and a Knowles pin, respectively.  

Similar to the present study, Calbiyik et al.24 compared the use of a locking 

compression plate with the Sonoma CRx nail to treat clavicular fractures. In that study, 

a different surgical technique involving a medial entry point lateral to the 

sternoclavicular joint was utilized, rather than the standard lateral entry point utilized 

in the present study. In line with our study, Calbiyik et al.24 reported better DASH 

scores in the nailing group; however, the main limitation of that study was that patients 
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did not undergo a standardized follow-up period (e.g. 12 months) but were assessed 

after “at least 12 months,” which might have influenced the findings. In contrast, Zehir 

et al.28 found no differences in QuickDASH (an abbreviated version of the DASH 

questionnaire) scores between patients managed with a minimally invasive locking 

superior plate or with the Sonoma CRx nail; however, the difference in follow-up time 

between the plating (14.5 months) and nailing group (11.8 months) might have 

influenced those findings. 

In the present study, hardware failure was minimal in both groups and could be related 

to extreme circumstances in both cases. Nail migration traditionally has been a 

problem and has resulted in a high rate of hardware removal8,29,30. However, with using 

modern nails such as the Sonoma nail, these hardware problems no longer seem to 

be a limitation,9,13,24,28 and no signs of hardware migration in the nailing group were 

observed in the present study. 

The limitations of the present study are that the randomized controlled trial was not a 

multicenter study and that all surgical procedures were performed by the same 

surgeon, who was experienced using both devices. Although the use of a single 

surgeon could be a confounding factor, it also minimizes the variation in surgical 

technique that exists between surgeons. Because the surgeon in the present study 

had extensive experience implanting the nail, other surgeons who are less familiar 

with the hardware might experience slightly longer surgical times. Lastly, although the 

medial part of the flexible nail becomes rigid after activation, it is likely not as strong 

as a 1-piece intramedullary nail, which can lead to hardware failure. However, the 

relatively low number of hardware failures reported in this device suggests that it is 

sufficiently strong.9,13,24,28 

In conclusion, both the Acumed pre-contoured locked plate and the Sonoma CRx 

intramedullary nail effectively treated displaced and/or shortened clavicular shaft 

fractures, resulting in a union rate of 100% in both groups. Similar DASH and CS 

scores were observed at 1.5, 3, and 6 months. DASH scores at 12 months were better 

in the nailing group, although individual responses indicate that this finding might not 

be clinically meaningful. However, better DASH and CS Cohen effect sizes (small to 

moderate) were found in the nailing group. Overall, we conclude that both devices can 

be used to effectively treat displaced and/or shortened clavicular shaft fractures. 
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Factors such as preference, surgical skill, and cosmetic result are likely to influence 

the decision of the treating surgeon. 
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CHAPTER SUMMARIES   

The purpose of this chapter is to provide a short summery of the main findings of the 

previous 5 research chapters and to answer the overall research question of this 

thesis. As each chapter has it’s own discussion section the aim of this chapter is not 

to discuss the findings of each chapter. 

 

Chapter 1   

Management of clavicle shaft fractures with intramedullary devices: current 
concepts 

Chapter 1 presented a thorough overview of the literature with special emphasis on 

the intramedullary fixation of clavicle shaft fractures.  

The research question was: Can the available literature shed light on whether 

intramedullary or extramedullary fixation of clavicle shaft fractures is superior?   

The assumed hypothesis was that the literature would not be able to provide a clear 

answer to this research question. 

Literature available on the topic of clavicle shaft fractures is extensive. The anatomy 

of the clavicle, as well as its anatomical variations, is well described. 

The epidemiology of clavicle fractures is described, but almost exclusively within the 

context of developed countries. Although one available study does describe a Chinese 

population, no studies describe the epidemiology of patients presenting in Africa. 

Clavicle shaft fractures were traditionally considered benign injuries and were treated 

conservatively with good results. Modern outcome-based studies propose a more 

aggressive approach to the treatment of displaced and shortened fractures. The topic 

remains controversial with numerous systematic reviews and meta-analyses providing 

conflicting conclusions. The literature seems to have come full circle. At one stage the 

available evidence seemed to clearly indicate that displaced and shortened clavicle 

shaft fractures should be treated surgically. However, some recent systematic reviews 

and meta-analyses seem to be challenging this belief.  Current consensus is that each 

patient should be individualized in terms of fracture configuration and functional 

demand. Further high-quality research is needed to provide a definitive answer. What 
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has become clear is that clavicle shaft fractures are complex injuries and that it is 

unlikely that a single set of surgical indications could, or should, provide a definitive 

blueprint for treatment. The risks associated with operative fixation versus the risk of 

complications secondary to mal- and nonunion should be carefully weighed. In 

addition, the patient’s age and functional demand should be considered. 

It remains unclear which operative treatment modality is considered the most effective. 

Recent high-quality research studies maintain that there is no difference in outcomes 

between intra- and extramedullary fixation. The literature clearly addresses the 

unsuitability of K-wire and external fixation. The remaining modalities show similar 

effective outcomes with various positive and negative aspects associated with each. 

Limited research has been conducted regarding the effectiveness of the Sonoma CRx 

device. Although early results are encouraging, there remains a dearth of long-term 

reviews and studies which compare this device to the current gold standard of 

treatment – extramedullary anatomically contoured locked plate fixation. 

 

Chapter 2 

Fractures of the clavicle shaft – epidemiological study of patients treated at a 
tertiary hospital in South Africa 

Chapter 2 described the epidemiological profile of patients presenting with clavicle 

shaft fractures in a developing country. 

The research question was: How common are clavicle shaft fractures in a tertiary 

hospital in South Africa and what is the epidemiological profile of these patients? 

The hypothesis was that the epidemiological profile of patients presenting with clavicle 

shaft fractures in a developing country would differ from the epidemiological profile of 

patients presenting in a developed world context. 

All patients presenting with clavicle shaft fractures to a tertiary hospital from 2008 to 

2018 were identified. The patients’ clinical notes were studied to determine: age, sex, 

lateralization, mechanism of injury and treatment rendered. Associated chest, 

abdominal and head injuries were noted. In addition, fractures incurred in association 

with the clavicle shaft fractures were determined. Patients’ radiographs were studied 
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to determine fracture configuration and displacement. A total of 1 003 patients 

presenting with clavicle shaft fractures were reviewed retrospectively. Data were 

analyzed in accordance with: year of presentation, age, sex, mechanism of injury, 

neurovascular status, treatment rendered and associated injuries.  

This epidemiological study is the first study, which described the profile of patients 

presenting with clavicle shaft fractures, in an African population. The profile of patients 

presenting in an urban African hospital differs from the profile of patients presenting in 

developed European countries.  In the population studied, numbers are heavily 

skewed toward male and younger patients whilst incidences in elderly patients are 

very low. The mechanisms of injury differ from studies done in developed countries. 

Fractures predominantly occur secondary to motor vehicle accidents and falls and are 

rarely secondary to sporting activities. A significant number of fractures are caused by 

interpersonal violence including gunshots. Open fractures after non-penetrating 

trauma are exceptionally rare. Neurological and vascular injury, secondary to the 

fracture, is also exceptionally rare. In this review patients frequently presented with 

other injuries apart from the clavicle shaft fracture. Potentially life-threatening injuries 

commonly accompany clavicle shaft fractures if the fracture was sustained in a road 

traffic accident or secondary to interpersonal violence.  

 

Chapter 3 

The treatment of clavicle shaft fractures with an innovative locked 
intramedullary device 

Chapter 3 described the use of a novel intramedullary device in consecutive patients 

presenting with displaced and shortened clavicle shaft fractures to determine the 

effectiveness of the device. 

The research question was: Can the Sonoma CRx intramedullary nail successfully 

treat displaced and shortened clavicle shaft fractures presenting at a tertiary hospital 

in South Africa?  

The hypothesis was that the device could be used effectively to treat displaced and 

shortened clavicle shaft fractures. 

Stellenbosch University https://scholar.sun.ac.za



Chapter 6 

114 

 

This study shows that the CRx  intramedullary device could be used to successfully 

treat displaced and shortened clavicle shaft fractures, resulting in a 100% union rate. 

Good functional outcome scores and range of movement of the affected shoulders 

were also evident.  

Forty-seven patients with displaced and shortened clavicle shaft fractures were treated 

with the Sonoma CRx device. The mean operating time and incision length were 

recorded and, upon comparison, found to be quicker and shorter than in the case of 

traditional plate fixation. This was attributed to the fact that the surgical access needed 

to implant the intramedullary device was less invasive.  

No migration of the novel intramedullary device, a common concern with traditional 

intramedullary devices, was evident in this study. In addition, no protruding or irritating 

hardware was found during this review – a problem commonly associated with certain 

other intramedullary devices.  

Three patients developed complications after implantation of the device. One patient 

contracted a superficial infection, which was successfully managed. Two patients 

presented with hardware failures where the device had fractured at the junction of the 

flexible and non-flexible portion. Other authors have reported hardware failures using 

the Sonoma device previously. In our view the hardware failure was secondary to an 

inferior surgical technique, as the device had not inserted far enough medially past the 

fracture site to thus provide sufficient fracture stability.  

A 100% union rate was reported in this study. Patients were assessed either at 3 to 6, 

6 to 9 or 9 to 12 months post-op at the time of review. Consequently, no conclusion 

could be drawn regarding the time needed for union, but the results of Group I (3 to 6 

months post-op) suggests that the fractures fully unite within 6 months. 

A longitudinal study, which encompasses a larger sample size, is needed to determine 

the exact time frame at which clavicle shaft fractures generally unite when using the 

CRx device.  

The post-operative functional capacity of the shoulder was measured in accordance 

with the range of motion division of the Constant Shoulder Score, the Constant 

Shoulder Score as well as the DASH score. DASH and Constant Shoulder scores 

observed 3 to 6 months post-operatively were similar to the values noted in patients 6 
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to 9 and 9 to 12 months and were also comparable to the findings of other authors 

using intra- and extramedullary devices. 

This finding seems to suggest that patients attain a good functional outcome soon after 

treatment, which does not improve further with longer follow-up. 

The main limitation in the design of the current study is that the follow-up of patients 

occurred longitudinally, thus making it impossible to determine the effects over time. 

As the CRx device was not compared to a traditional plating technique, no conclusion 

could be reached as to the superior effectiveness of either nailing or plating of clavicle 

shaft fractures. Further research should include a randomized controlled trial to 

establish which method would be best for the treatment of displaced and shortened 

clavicle shaft fractures. 

 

Chapter 4 

Surgical techniques: A Novel Intramedullary Locked Fixation Device for 
Treatment of Clavicle Shaft Fractures 

Based on experience gained in Chapter 3, Chapter 4 presented a detailed description 

of the surgical technique used to implant the novel Sonoma CRx device. 

The research question was: Can a reproducible and safe surgical technique be 

described which would guide other surgeons to use a novel intramedullary device 

effectively? 

The hypothesis was that such a technique can indeed be described, effectively 

communicated and distributed. 

A surgical technique was described in detail and published along with instructional 

illustrations and videos. The article was structured as a step-by-step guide to help 

ensure successful implantation of the device. In addition, it presented indications and 

contra-indications for the use of the device and highlighted possible pitfalls and 

precautions to be taken when using the device. 

The guide was written in such a way that a relatively inexperienced surgeon would be 

able to implant the device successfully, provided he/she follows the steps 

meticulously. 
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The CRx device has been associated with hardware failure in some publications. It 

has been our experience, as noted in Chapter 3, that inferior surgical technique 

together with misplacement of the device is largely to blame for this. The technique 

guide should negate this risk.  

Alternative surgical techniques, with a medial entry point and placement of the locking 

screw at the medial aspect of the clavicle, have been described. A similar article, which 

describes this technique, would be useful in ensuring the successful use of the device. 

 

Chapter 5 

The Effectiveness of a Flexible Locked Intramedullary Nail and an Anatomically 
Contoured Locked Plate to Treat Clavicular Shaft Fractures. A 1-Year 
Randomized Control Trial 

Based on the findings presented in earlier chapters, the aim of Chapter 5 was to 

compare the treatment outcomes of patients with clavicle shaft fractures randomly 

treated by: traditional anatomically contoured locked plating (extramedullary fixation) 

or the novel locked intramedullary device. 

The research question was: How effective is the Sonoma CRx intramedullary nail 

compared to traditional anatomically contoured plating of shortened and displaced 

clavicle shaft fractures in achieving union and restoring the functional capacity of the 

shoulder? 

The hypothesis was that the intramedullary device would, due to its unique properties, 

provide similar union rates in addition to yielding superior functional and cosmetic 

results when compared to traditional extramedullary fixation. 

This randomized controlled trial compared the treatment of displaced and shortened 

clavicle shaft fractures with either an anatomically contoured locked plate or a flexible 

intramedullary nail locked into position with medial grippers and a lateral interlocking 

screw.  

Patients were well randomized, with age, gender and fracture types similarly 

represented in both groups. 

A 100% union rate was found in both groups. 

Stellenbosch University https://scholar.sun.ac.za



Chapter 6 

117 

 

In line with the findings presented in Chapter 3, the nailing group presented with a 

shorter surgical time, which reflects the less invasive nature of the surgical technique.  

The incision needed to place the device was also smaller in the nailing group. 

Shoulder function, as measured by DASH and CS scores, was similar at 6 weeks, 3 

months and 6 months post-operatively. At 12 months post-operatively the DASH score 

in the nailing group was slightly better with only a moderate Cohen effect size. We 

concluded that it is not clinically relevant.   

Similar to our findings in Chapter 3, hardware migration and prominent subcutaneous 

hardware were not encountered, as is commonly the case when using traditional 

intramedullary devices.   

The DASH and CS scores observed in the plating group are in line with those rendered 

by studies involving similar and/or the same plate. DASH and CS scores reported in 

the flexible nail group of the present study tended to be better than those noted in the 

groups that employed rigid nails or pins. 

These findings are in line with two other studies, which compared the novel device to 

anatomical, locked plating. These studies were less structured and inconsistent follow-

up periods and surgical techniques were noted.  

In this randomized study, only one hardware failure was noted in the intramedullary 

group. This failure, once again, occurred at the junction of the flexible and non-flexible 

portion of the medial end of the device. In the period since the pilot study, the treating 

surgeon has gained additional valuable experience. This experience, in turn, has 

resulted in an improvement of the surgical technique used when implanting the nail, 

thus leading to less hardware failure. This confirms the conclusion reached in Chapter 

4 that the failure of the nail is closely related to poor surgical technique. 

The limitation of this study is that the same surgeon, experienced in the use of both 

devices, performed all surgical procedures. Although the use of a single surgeon could 

be considered a confounding factor, it does minimize possible variations in surgical 

techniques, which exists when different surgeons perform the procedures. We feel that 

this study accurately compared the different devices without being subjected to 

variances, which might result from inferior surgical techniques. The surgeon featured 

in this study had extensive experience implanting the nail. However, other surgeons 
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less familiar with the device might experience slightly longer surgical times and 

potentially more complications.  

In conclusion, both the Acumed pre-contoured locked plate and the Sonoma CRx 

intramedullary nail effectively treated displaced and shortened clavicle shaft fractures, 

resulting in a union rate of 100% in both groups. Similar DASH and CS scores were 

observed at one and a half, three and six months. DASH scores at 12 months were 

better in the nailing group, although individual responses indicated that this finding 

might not be clinically meaningful.  

Overall, we conclude that both devices can be used to effectively treat displaced and 

shortened clavicle shaft fractures. The locked intramedullary device holds potential 

advantages including the absence of prominent subcutaneous hardware and a better 

cosmetic result due to smaller incisions. 
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THESIS RESEARCH QUESTION AND CONCLUSION 

The over-arching research question of this thesis was: 

Is the Sonoma CRx intramedullary nail able to achieve union and restore function of 

the affected shoulders in patients sustaining displaced and shortened clavicle shaft 

fractures and is it as effective as treating these fractures with anatomical contoured 

locked plating? 

The review of the literature in Chapter 1 found that the management of clavicle shaft 

fractures remains a controversial issue with contradicting evidence supporting the 

conservative and invasive treatment of displaced and shortened fractures. This thesis 

does not focus on whether surgical or non-surgical management provides the best 

treatment outcome. For the purpose of this thesis surgical management of displaced 

and shortened fractures was believed to be treatment of choice.  Displacement and 

shortening of the clavicle shaft fracture was the indication for surgery in both Chapter 

3 and 5. Secondly, Chapter 1 could not provide a clear indication as to whether intra- 

or extramedullary fixation of clavicle shaft fractures provides the best outcomes. This 

was the focus of this thesis.   

To determine whether displaced and clavicle shaft fractures are prevalent in the 

proposed community to be studied in the later treatment studies, an epidemiological 

study was done. Chapter 2 found clavicle shaft fractures to occur in 1003 patients over 

a 10-year period. The epidemiological profile of these patients as well as the incidence 

of secondary injuries complicating these fractures was determined. The percentages 

of patients with clavicle shaft fractures that are displaced as well as the incidence of 

different degrees of comminution of the fractures were determined. 

Chapter 3 served as a pilot study to determine whether the novel intramedullary device 

could be used effectively to treat displaced and shortened clavicle shaft fractures. This 

case series determined the device to be effective, resulting in a 100% union rate and 

functional outcome comparable to other fracture fixation devices used in the treatment 

of clavicle shaft fractures. However, this study was not designed to compare the novel 

device to alternative treatment modalities. 

The surgical technique needed to implant the device was found to be challenging in 

Chapter 3. Hardware failure was found in 2 patients with similar complications 

identified in other studies using the novel intramedullary device. One of the 
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conclusions of Chapter 3 was that inferior surgical technique implanting the 

intramedullary device leads to hardware failure. Chapter 4 aimed to describe the 

surgical technique needed to implant the device based on the experience gained in 

Chapter 3. This allows for a uniform, effective surgical technique in order to avoid 

treatment failure secondary to surgical error. 

Chapter 5 compared anatomically contoured locked plating and the novel 

intramedullary device in a randomized controlled trial treating well randomized patients 

with displaced and shortened clavicle shaft fractures. This study found a 100% union 

rate in both groups and similar functional outcomes.  

This provides level 1 evidence to answer the research question of this thesis - the 

novel locked intramedullary device is as effective in treating displaced and shortened 

clavicle shaft fractures as anatomically contoured locked plating. 

 
Recommendations and future research 

This series of studies done to assess the effectiveness of a novel intramedullary 

device found the device to be as effective as anatomically contoured locked plating in 

achieving fracture union and restoring shoulder function.  

The literature review highlighted certain deficiencies in the available literature and 

controversies that continue to exist. 

High quality research is needed to effectively determine whether conservative or 

surgical management is the best treatment modality for displaced and shortened 

clavicle shaft fractures. At one point, the literature was fairly conclusive regarding the 

superior outcomes achieved with surgical management, but recently some 

contradicting evidence has been published. Level 1 evidence currently available 

comparing operative and non-operative treatment of displaced and shortened 

fractures does not differentiate between young, active individuals and more sedentary 

ones. Prospective, randomized multi-centre studies are needed which differentiate 

between patients with different functional demands, levels of physical activity and 

occupation.   

It is possible that conclusions drawn from treatment studies would be strengthened by 

studies describing the functional and cosmetic disabilities of patients treated 

conservatively that develop non-unions and malunions. Prospectively gathered data 
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regarding the functional and cosmetic disabilities suffered by individuals with displaced 

and shortened fractures, which develop non- and malunions, need to be analysed in 

well-structured trials. The effect of the anatomical deformity of the shoulder girdle due 

to shortening of the clavicle needs to be assessed innovatively. Yet again, there needs 

to be distinguished between physically active, young individuals and more sedentary 

ones.  

The available literature has not been able to determine whether intra- or 

extramedullary fixation of clavicle shaft fractures is superior. This thesis concludes that 

both a novel, locked intramedullary nail and anatomical contoured locked plating will 

result in fracture union and restoration of shoulder function. At a clinical level, the RCT 

study showed slightly less variability in functional outcome when using the 

intramedullary nail, while Cohen effect sizes (see also Fig. 5.3) were also slightly better 

using this device.  

As both devices are effective in treating displaced and shortened clavicle shaft 

fractures, future research studies should focus on determining patient and fracture 

variables that could lead to superior outcomes using a specific treatment modality. 

Patient factors would include: age, expectations regarding cosmetic result, speed of 

return to normal activity, occupation and functional demands. Fracture variables, 

including the specific position of the fracture within the clavicle shaft as well as fracture 

comminution, should be studied to determine whether it could be a determinent of 

outcome using either device.  

These studies need to include the incidence of secondary surgeries to remove 

hardware and the impact of the second operations – both economically and 

functionally for the patient.   
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PRACTICAL IMPLICATIONS 

This thesis has shown that the Sonoma CRx intramedullary nail is as effective as 

anatomical contoured locked plating of displaced and shortened clavicle shaft 

fractures in achieving union and restoring shoulder function.  

The two treatment modalities give similar union rates and functional outcomes. This 

implies that surgeons can use both devices with good results.  

However, as shown in chapter 5, surgical time needed to implant the intramedullary 

nail, when the surgeon is experienced with this device, is shorter than the anatomical 

contoured locked plate.  

It was also shown in Chapter 5 that the surgical wound needed to implant the 

intramedullary nail is smaller than the one needed to implant the plate. The smaller 

surgical wound likely would result in a more pleasing cosmetic result. Similarly, the 

absence of prominent subcutaneous hardware when the intramedullary device is used 

may also lead to a better cosmetic result. 

A high rate of secondary operations to remove hardware is commonly described in 

studies where either of the treatment modalities is used. In the case of intramedullary 

devices, the reason for removal of the devices is prominent subcutaneous hardware 

at the insertion site and the risk of hardware migration. Both these complications were 

not encountered during the studies described in this thesis. Potentially using the CRx 

device will negate the need for a second operation. Surgical time is extremely 

expensive and specifically in a resource poor environment, such as the one where 

these studies were done, in very short supply. In this setting the luxury of a second 

operation to remove prominent hardware is not feasible. It may be a very positive 

aspect of intramedullary fixation using the Sonoma device if second operations can be 

avoided. Valuable theatre time can then be better utilized.  

Overall, the findings of this thesis show that both the anatomical plate and the Sonoma 

locked intramedullary nail can be used effectively to treat displaced and shortened 

clavicle shaft fractures. The intramedullary nail holds the advantages of a better 

cosmetic result and a potential economic benefit due to the avoidance of secondary 

operations to remove hardware.  
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