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Abstract 
 
Background 
The standard of care for plating displaced midshaft clavicle fractures has been 6 cortices 
of purchase on each side of the fracture. The use of locking plates and screws may pro-
vide equivalent biomechanical strength with fewer cortices of purchase on each side of 
the fracture. 
Patients and methods 
A prospective case series study was conducted including fourteen patients with acute 
midshaft clavicle closed fractures with a variable degree of comminution. All patients 
were male with a mean age of 30.5 years. All fractures were fixed using a 3.5 locked re-
construction plate with 4 locking screws. The arm sling was kept for 4-6 weeks according 
to fracture pattern and fracture healing progress. 
Results 
All fractures achieved union in a mean period of 11.7 weeks. QuickDASH scoring system 
was used for clinical evaluation. At 12 weeks, the mean score was 3.41 and 10 patients 
resumed their activities and returned to work. At 6 months, the Quick DASH score im-
proved to 0.69 and all patients resumed their pre-fracture level of activity. Only one case 
experienced failure of fixation who fell on the affected shoulder one week post-operative. 
Conclusion 
The use of short locked plates with four locking screws in the midshaft fracture clavicle 
did not compromise fracture fixation strength. Its advantages include decreased surgical 
exposure, elimination of time needed for contouring of long plate to match the complex 
morphology of the clavicle, and hence less operative time and morbidity. 
Level of evidence 
Therapeutic level IV. 
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Introduction 

Fracture clavicle is relatively common, presenting 44 
% of fractures around the shoulder girdle and 2.6% of 
all fractures[1]. Fracture of the middle third clavicular 
is the most common type of clavicular fracture rang-
ing from 69% to 82%[2-4]. Early reports have con-
sidered this fracture to be a benign injury and conser-
vative treatment was the main line of treatment re-
porting a low incidence of non-union and function 
disability[5]. But these results were based on the as-
sessment of the range of motion and radiographic evi-
dence of union[6]. A systematic review study has 
shown that the incidence of non-union is as high as 
15.1% in displaced clavicular fractures[7].  On the 
other hand, symptomatic malunion of midshaft clavi-
cular fracture has been reported to cause shoulder 
dysfunction. Relatively recent studies stated that 
malunited midshaft clavicular fracture may lead to 
pain, loss of strength, easy fatiguability, and manifes-

tations of compression of brachial plexus and vessels 
in addition to cosmetic concerns[8-10]. 

Operative fixation of a clavicular fracture may be 
achieved using plate and screws or by intramedullary 
fixation. Although it is a more invasive procedure, 
plate osteosynthesis allows restoration of length and 
alignment anatomically and provides rigid fixa-
tion[11].  

The principles of surgical fixation of a fractured 
clavicle include the need for insertion of three bicorti-
cal screws at least on each side of the fracture. How-
ever, the number of screws is a topic of debate after 
the introduction of the locking plate fixation sys-
tem[12-14]. A recent biomechanical study compared 
plate fixation in a simulated midshaft fracture clavicle 
using three non-locking screws versus two locking 
screws of each side of the fracture. Cyclic tensile 
loads were applied along the long axis of the clavicle 
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and pullout forces to failure were applied along the 
long axis of screws. No significant differences were 
detected between the two groups[15].  

Our study aimed to evaluate the fixation of midshaft 
clavicular fractures using a reconstruction locked 
plate fixed by two cortical locking screws on each 
side of the fracture regardless of the degree of com-
minution of fracture. 

 
Patients and Methods 
This study was conducted as a  prospective case series. It 
included all cases with isolated acute midshaft clavicular 
fracture indicated for surgical fixation. Patients younger 
than 16 years old, fractures neglected for more than 3 
weeks, pathological fractures, or patients with minimally 
displaced fractures were not included in the study. At the 
final enrolment, fourteen patients with midshaft fracture 
clavicle were included. 
All included cases were right-handed males. The mean age 
was 30.5 ranging from 20 - 46 years old. Eleven patients 
were smokers and the dominant side was affected in six 
patients. None of the patients gave a history of medical 
disease. Fall to the ground on outstretched hand was the 
cause of fracture in eleven patients (79%), while road traf-
fic accident was the cause in the remaining three (21%).  
Cases involved in high energy trauma were managed ac-
cording to the algorithm devised by ATLS (advanced 
trauma life support) guidelines. Local examinations of in-
jured limbs included assessment of vascular and neurologi-
cal status and skin condition. Radiographic assessment of 
fractures was done with aid of plain X-rays and CT scan 
with 3 D reconstruction for all cases. 
All fractures were closed and belonged to group I accord-
ing to Allman’s classification[16]. Degree of comminution 
was classified according to AO classification, 6 patients 
were classified as B1, 4 cases as B2, and 4 cases as B3 pat-
terns[17].  
Pre-operative preparation included immobilization in a 
broad arm sling and pre-operative routine labs. Written 
informed consent was received from all patients to be in-
cluded in the study. 
 
Surgical Technique: 

All patients were operated under general anesthesia. 
Prophylactic antibiotic, 1 gm ceftriaxone, was given 
with induction of anesthesia after hypersensitivity 
testing.  In the beach chair position, the shoulder was 
draped with the arm free to allow manipulation. 
Through an anterior approach to clavicle[17], frac-
tures were reduced either directly or indirectly. 
Locked reconstruction plates with sufficient length - 
to allow fixation by two bicortical locked screws on 
each side of the fracture - were applied on the antero-
superior border of the clavicle. Bone fragments were 
not stripped from attached soft tissues to keep their 
blood supply, and plates were used to restore the 
length and rotation of the clavicle. The surgical 

wound was closed in layers after proper hemostasis 
and broad arm sling was applied. Operative time start-
ing from skin incision till skin closure was docu-
mented in all cases.  

Parenteral antibiotics were given for one day followed 
by oral antibiotics for 5 days. Two weeks post-
operative, skin sutures were removed and pendulum 
shoulder exercises were allowed. After the third 
week, passive shoulder elevation above 90o was en-
couraged. After 6 weeks, active shoulder elevation of 
more than 90o was allowed. The arm sling was kept 
for 4-6 weeks according to fracture characteristics and 
consolidation of fracture through follow-up visits. 
Strenuous work and vigorous exercises were allowed 
after the full bony union.  

X-ray clavicle antero-posterior view was ordered im-
mediate post-operative and at 4th, 6th, 8th, and 12th 
weeks follow-up, to assess fracture alignment, the 
progression of healing, or any sign of failure of fixa-
tion. After 12 weeks, monthly X-rays were done till 
full bony union was evident.  

Clinical assessment of patients was performed using 
The QuickDASH scoring system at three and six 
months post-operative. Data were statistically de-
scribed in terms of mean +/- standard deviation (SD), 
median, range, frequencies (number of cases), and 
percentages when appropriate.  

  

Results 

All our cases achieved union within 11.7 weeks rang-
ing from 8-20 weeks.  The patient who achieved un-
ion after 20 weeks was a heavy smoker and fracture 
was comminuted (B3). The mean operative time was 
75 minutes ranging from 60-90 minutes. 

At 12th week follow-up, the mean QuickDASH score 
was 3.41 ranging from 0 – 18.2. Ten patients (71%) 
resumed their pre-fracture level of activity and re-
turned to work. At the final follow-up, 6 months post-
operative, the mean Quick DASH score was 0.69 
ranging from 0 – 2.3 and all patients resumed their 
full activity.  

The main complication we noticed was symptomatic 
hardware prominence in five patients (35%). This was 
attributed to the positioning of the plate on the supe-
rior surface of the clavicle. These patients were 
scheduled for hardware removal after one year. Two 
patients (14%) suffered from tingling along with the 
distribution of supraclavicular nerves which improved 
gradually in subsequent follow-up visits.  

One patient fell on the affected shoulder one week 
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post-operative and X-rays showed a failure of fixation 
with backing out of the plate and lateral locked 
screws. The distal fragment was angulated 30o but 
bone contact was maintained. Revision surgery was 
offered but the patient preferred to keep a broad arm 
sling till full union. Bone healing was achieved 10 

weeks post-operative without further displacement 
and hardware was removed one month later. The First 
QuickDASH score of this patient was 18.3 but im-
proved markedly to 2.3 at the final follow-up visit. 
We did not face wound healing problems, infection, 
or painful neuroma in our study. (Fig 1,2) 

 

A  B  C  
 
Figure 1: male patient, 32 years old; A: Pre-operative X-ray; B: Full union after 12 weeks; C: 12 weeks follow-up range of 
motion. 
 

A   B  

C   D  
 
Figure 2: male patient, 41 years old; A: Pre-operative X-ray; B: Immediate post-operative X-rays; C: failure of fixation 4 
days post-operative due to falling on the affected shoulder ; D: X-ray after plate removal after healing of fracture 16 weeks 
post-operative.   
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Discussion 

Fracture clavicle represents 44% of all shoulder inju-
ries[1]. The majority of these fractures occur in the 
middle third2. The high risk of nonunion of displaced 
fractures7 and shoulder dysfunction that results from 
malunited fractures[8-10]  increased the role of surgi-
cal fixation of these fractures. Plate fixation provides 
a robust construct in terms of stiffness and failure 
loading but carries a higher risk of fracture after 
hardware removal in comparison to intramedullary 
fixation[19]. The number of screws needed to achieve 
good stability of the fracture s a point of debate after 
the introduction of the locked plating system[12-14].  

To our knowledge, a single biomechanical controlled 
laboratory study compared fixation of simulated frac-
ture clavicle using three conventional cortical screws 
versus two locking screws of each side of the fracture. 
The author declared that there were no significant 
differences between the two groups[15].  

The same cohort study reviewed retrospectively two 
groups of patients. The first group included 21 pa-
tients with fracture midshaft clavicle fixed by plate 
and three regular cortical screws on each side of the 
fracture.  The second group included 20 patients with 
midshaft clavicle fractures surgically fixed using a 
locked plate with two locking screws on each side of 
the fracture. All patients achieve union within 12 
weeks post-operative. Functional results were not re-
ported in detail but no difference between the two 
groups was found.  

The main difference was the plate length which was 
significantly shorter in the two screws group. The 
main complication was painful hardware that needed 
removal of the implant in five cases in total[15].  

A single case of implant failure was reported in the 3-
screws group as the patient was not compliant and 
tried to resume activity earlier than instructed. The 
patient was treated by replating[15].  

This study declared that there is no mechanical advan-
tage of fracture fixation using six screws over four 
locking screws, and the single case with metal failure 
that occurred in the six screws group was related to 
the patient’s non-compliance. 

The same in our study we faced a single case of me-
chanical failure of fixation that was related to a trau-
matic event and all our cases achieved union within 
11.7 weeks on average.  

Julianne Kwak-Lee et al recorded operative time in a 
comparative study between fixation using a contoured 
anatomical plate and intramedullary fixation of mid-
shaft clavicular fracture[18]. Operative times were 

measured from incision to skin closure. The plate 
group included 67 patients and the average time was 
131.8 minutes (range 30-246 minutes).  

In our study, The average operative time was 75 min-
utes (range 60- 90 min). This difference may be at-
tributed to the usage of shorter plates, as it saved the 
time needed for plate contouring to accommodate the 
complex morphology of the clavicle. Insertion of a 
lesser number of screws, smaller skin incision, and 
soft tissue dissection in addition to the small size of 
our study group are possible causes of our shorter op-
erative time.   

In the same study[18], authors reported 11 cases 
(16.4%) who developed numbness along their inci-
sion and only two patients (2.9%) with symptomatic 
hardware although plates were applied on the superior 
surface of the clavicle.  

The rate of tingling and numbness in our study was 
comparable to this study as it was reported in 14 % of 
our cases, but symptomatic hardware was reported in 
five patients (35% of cases). This may be explained 
by the design of anatomical plates that fits the curve 
of the clavicle and their relatively low profile in com-
parison to reconstruction locked plates. But this ad-
vantage should be plotted against the cost of hard-
ware.  

 

Conclusion 

The use of short plates may decrease surgical expo-
sure, operative time, and hence morbidity without 
compromising the fracture stability. Besides, theoreti-
cally, we think that the fixation of a shorter segment 
of clavicle decreases the segment weakened by the 
stress shielding effect of the plate and may decrease 
the incidence of refracture after plate removal which 
is the main disadvantage of plating if compared to 
intramedullary fixation methods. However, this the-
ory needs a bigger study and a longer period of fol-
low-up. 
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