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Abstract 
Aim of the study: The aim of the study is to prospective analysis of functional and radiological outcome 
in precontoured locking plate fixation for displaced lateral end of clavicle fractures in terms of union, 
complications and functional outcome. 
Materials and methods: In this prospective study 20 patients (15 male, 5 female) with a displaced 
lateral end of clavicle fractures (Neer type II) were evaluated with a mean follow –up of 11 months. 
Analysis included functional and subjective outcome, radiological outcome and complications. 
Results: All patients achieved radiological union within 9–13 weeks (mean 11.35 weeks). Full range of 
motion achieved in most cases within 6 weeks. The mean UCLA score was 31.55 (range 27–35). At final 
follow-up radiographs showed mean coracoclavicular distance of 8.6mm (range from 7.4mm to 10.6mm) 
on the affected shoulder and 8.27mm (range from 7.4mm to 10.7mm) on the unaffected shoulder. No 
major complications were encountered intraoperatively. Three patients had postoperative complications: 
one patient required plate removal, because of a deep infection, one superficial infection treated with oral 
antibiotics alone, shoulder stiffness one case because of an improper physiotherapy. 
Conclusions: In this study, use of the precontoured locking plate yielded excellent results in the 
treatment of this difficult fracture. In particular, patients acquired full range of motion within 6 weeks, 
reflecting the stability of the osteosynthesis achieved with this implant. 
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Introduction  
Of all fractures clavicle fractures account for 2.6% [1, 2]. Among the clavicle fractures, distal 
third fractures are the next most common type (20%) after mid shaft fractures (80%), and 
although they can result from the same mechanisms of injury as that seen with mid shaft of 
clavicle fractures. In elderly people even with simple falls clavicle fractures occur. In general 
the lateral end of clavicle fractures Neer type I and II can be treated nonoperatively, but Neer 
type II fractures are considered as unstable, because displacement of fragments due to the 
distraction forces (distal fragment distracted by the weight of the arm, lateral fragment by 
trapezius muscle). Therefore, the non-union rate reaches around 22% to 44% in these fractures. 
If the fracture fails to heal then these patients may develop persistent pain, movement 
restriction, and decrease strength of shoulder. Also treatment of nonunion lateral end of 
clavicle fracture is technically challenging. An increase in the incidence of lateral clavicle 
fractures is seen in elderly patients and conservative management in this age-group is not 
associated with significant functional loss in the presence of a non-union [16]. Even in young 
and active group of people, the functional impairment and pain caused by these fractures 
affects the quality of life. So that in younger patients with these fractures, operative treatment 
is more appropriate. 
A range of techniques are described for fixation of these injuries including; plating (hook-
plate, locking T plates,) [17, 18], coraco-clavicular screw [19], Kirschner wires [20] and Knowles 
pins [21]. 
Neer described many techniques and methods for fixing these fractures; two transarticular K- 
wires fixation is a standing example [4, 5].
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This indirectly suggests that these methods do not always 
yield the desired results [26]. In the last decade, the hook plate-
originally developed by Balser to treat acromioclavicular 
dislocations-has been used as treatment for this difficult 
fracture [27]. Due to the close relationship to the rotator cuff 
and the acromioclavicular joint (ACJ) hook plate cause 
impingement complaints. This plate has gained some negative 
publicity because of the obligation to remove the implant after 
fracture union. 
While fixing with a standard distal clavicle plate, three screws 
(a minimum of two) should be placed in the distal fragment to 
provide sufficient stability [22]. The relatively recent 
introduction of contoured plates (such as the locking T plate) 
allows more screws to be placed in the distal fragment, which 
may improve stability [23]. Clinical results with pre-contoured 
plating systems have been positive, with a number of authors 
reporting good functional outcomes and few complications [17, 

24, 25]. Martetschlager et al. [17] treated 30 patients with a 
locking T plate and supplementary PDS circlage suturing, 
achieving union within 10 weeks and good or excellent 
functional outcomes with a return to premorbid levels of 
activity in all cases. These results were supported in a recent 
report by Kang et al [24]. in a group of 10 patients with non-
unions of the distal ends of the clavicle. Mean time to union 
was 14 weeks, with all patients demonstrating good or 
excellent functional scores at final follow up of 24 months. 
Different methods that are used to fix the lateral end of 
clavicle fractures have been proposed because of the difficult 

nature of these fractures. Because of the soft, short distal 
metaphyseal end of these types of fractures, it is impossible to 
fix the lateral end of clavicle with conventional plates and 
screws with sufficient stability to allow early active 
mobilization of the shoulder joint. 
Based on the high rates of non-union, difficult rehabilitation 
and residual shoulder pain associated with nonoperative 
treatment in several studies, many surgeons recommend 
operative treatment for type II fractures.  
So we decided to evaluate functional and radiological 
outcome in patients treated with precontoured locking plate 
for type II distal end of clavicular fractures. 
 
Classification of Clavicle Fracture 
Robinson analyzed clavicle fractures over a six year period at 
Orthopaedic Trauma Unit of the Royal Infirmary of 
Edinburgh and he described his own classification. His 
classifications include important prognostic variables such as 
comminution, degree of displacement and intra-articular 
extent. 
Neer analyzed lateral end of clavicle fractures, because of 
their high rate of delayed and non-union, Neer divided distal 
clavicle fractures into three subgroups, based on their 
ligamentous attachments and degree of displacement (type II 
was modified by Rockwood). 
 
Neer’s Classification 

 

  
 

Materials and Methods 
Study is conducted in the Department of Orthopaedics and 
Traumatology, Madurai Medical College and Government 
Rajaji Hospital on 20 patients with displaced/comminuted 
lateral end of clavicle fractures from July 2014 to August 
2015.  
All the patients were treated with 3.5mm precontoured 
locking plates. 
 
Criteria for Inclusion 
Patients were included in the study if they had (1) Neer type II 
fractures, (2) unilateral fractures, (3) Simple injuries, (4) 
normal shoulder function before injury,(5) an age between 
twenty one and seventy five  
 
Criteria for Exclusion 
Patients were excluded from the study if they had (1) 
Acromioclavicular joint dislocation, (2) pathological 

fractures, (3) previous surgery on the injured clavicle or 
shoulder, (4) hemiparesis (on the affected side).  
  
Implant Design 
Precontoured locking compression plates are superior clavicle 
plate with lateral extension, as they have holes for 2.4mm 
cortical or 2.7mm locking screws and the medial part of the 
plates have holes for 3.5mm locking or cortical screws. The 
lateral end is 20mm wider; which perfectly matches with the 
shape of lateral end of clavicle. On lateral aspect, the plates 
have holes six in numbers that are in different angles, which 
one increases pull-out strength and improve overall plate 
stability regardless of bone quality, especially in osteoporotic 
bone and soft metaphyseal bone of distal clavicle. 
Precontoured locking compression plate is a side specific 
plate and on the medial side of plate allows3 to 8 holes. 
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Operative Technique 
Patient under general anaesthesia or interscalene anaesthesia 
was positioned in beach chair position on a radiolucent table. 
Involved shoulder is painted and draped and a curved incision 
is made over lateral third of clavicle.  
Subperiostealy deltoid attachment was elevated. After 
identification of the fracture site, it was reduced; if any large 
comminuted fragments were present, they were temporarily 
fixed with K-wires. If there was any interposition of soft 
tissue, the same was removed. No repair was done if any 
ligaments were found torn. Location of acromioclavicular 
joint (ACJ), was marked with a needle and confirmed with C 
– arm magnification without opening the joint. Positioning of 
plate over lateral end of clavicle was checked in 
anteroposterior direction and acromioclavicular joint parallel 
with the most lateral end of plate. Foremost the plate was 
fixed with clavicle on the medial fragment with a cortical 
screw (3.5mm), and 2.7mm locking screw was applied on 
lateral end. Ultimately the remaining holes in the plate were 
filled with 3.5 mm locking screws. Lag screws were applied if 
Comminuted fragments were present, without disrupting soft 
tissue attachments of the fragment.  
With number 1-prolene suture material fascia of 
deltotrapezium was closed with interrupted knots, as a distinct 
layer, followed by skin closure. Over the plate, soft tissue is 
covered in a full-thickness layers. No drains were used.  
 
Follow up 
 Postoperatively the limb was immobilised with sling. 

Active range of motion (ROM) exercises - elbow, wrist, 
and hand under the supervision of a physiotherapist. 

 On 2nd-3rd postoperative day, Pendulum exercises of the 
shoulder joint with the arm in a sling were started. All 
patients were discharged after suture removal. 

 At 4thweek the range of movements of the pendulum 
swings increased gradually up to 90°. 

 After 4th week the sling was removed and the patient was 
instructed to exercise the shoulder joint with active range 
of movements more than 90°. 

 At 6th week full range of movements were obtained. All 
Patients were advised to return to light works and day to 
day activities as long as tolerable and radiologically 
acceptable.  

 Until solid union of the fracture, patients are advised to 
avoid heavy manual work. 

 
Assessment 
 All Patients were assessed with a standard protocol in 

which they were assessed by fourth week, sixth week, 
and once in a month until union of bone clinically and 
radio graphically. 

 Using University of California Los Angeles shoulder 
score rating scale systems, objective and subjective 
shoulder function was measured.  

 Both an anteroposterior and a 100 to 20° cephalad tilted 
radiographs were made for each patient. The 
coracoclavicular distance was measured (in-between 
superior surface of the coracoid process and inferior 
surface of the clavicle)  

 
Results 
Twenty patients (15 male and 5 female), with most of them 
(40%) aged below 30 years were studied between July 2014 
and August 2015. All 20 patients had primary plate fixation 
for the fracture done. The mean follow up period was 11 
months. Mean UCLA shoulder rating scale was 31.55 (range 
from 27- 35) for the injured shoulder, mean time taken for 
bony union was 11.35 weeks (range from 9 to 13 weeks). At 
final follow-up radiographs showed mean coracoclavicular 
distance of 8.6mm (range from 7.4mm to 10.6mm) on the 
affected shoulder and 8.27mm (range from 7.4mm to 
10.7mm) on the unaffected shoulder. No statistically 
significant difference between the affected and unaffected 
shoulders at final follow-up (p=0.31). No intraoperative 
complications observed. Three postoperative complications 
was observed, one patient had superficial infection which 
controlled with oral antibiotics and cured, second patient had 
deep infection with shoulder stiffness for which she 
underwent surgery i.e. Implant removal done after third 
month of surgery. Third patient who was on improper 
physiotherapy developed shoulder stiffness.  
 
Age distribution 
Among 20 patients (100%) eight patients were below 30years 
(40%), next common age group was 41-50years (30%). It 
indicates that distal clavicular fractures more commonly 
occurs in the young active adults. 
 

Age 21-30 31-40 41-50 51-60 61-70 >70 
No patients 8 1 6 3 1 1 
Percentage 40% 5% 30% 15% 5% 5% 

 

AGE DISTRIBUTION

8

1

6
3

1 1

40

5

30

15

5 5

0

5

10

15

20

25

30

35

40

45

21-30 31-40  41 - 50  51 - 60 61 - 70  > 70 

No.of patients Percentages

 
 
Fracture types 
All 20 patients included in our study had Neer type II fracture 
of clavicle. 
 

Fracture type No of patients Percentage Total 
Neer type II 20 100% 20 
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Sex distribution 
 

Among 20 patients 15 were male, 5 were female patients 
 

Sex Male Female Total 
No of patients 15 5 20 

Percentage 75% 25% 100% 
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Laterality distribution 
In total 20 patients, 9 patients had fracture of right side 
clavicle, 11 patients had fracture on left side clavicle. 
 

Side Right Left Total 
No of patients 9 11 20 

Percentage 45% 55% 100% 
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Complications 
Among 20 patients three had following complications. One 
patient had superficial infection, which was controlled with 
oral antibiotics, second patient had deep infection with 
shoulder stiffness for which she underwent surgery i.e. 
implant removal done after third month of surgery and 
shoulder functions was improved. Third patient who was in 
on improper physiotherapy developed shoulder stiffness. 
 

Complication No. of cases Percentage 
Superficial wound infection 1 5 

Deep wound infection with shoulder 
stiffness 1 5 

Shoulder stiffness 1 5 
Without complications 17 85 

 

COMPLICATIONS
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Superficial wound infection
Deep wound infection with shoulder stiffness
Shoulder stiffness
Without complications
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University of California Los Angeles Shoulder Rating 
Scale 
Almost all 18 patients had a score above 27 with a 
good/excellent grade except for two patients. One patient had 
wound infection followed by shoulder stiffness and function 
improving after implant removal; and one patient was a 45 
year old male who developed shoulder stiffness due to 
improper follow-up and physiotherapy. 
 

UCLA scale No of patients Percentage 
Good/excellent (>27) 18 90% 

Fair/poor (<27) 2 10%
 

UCLA SCORE

90%

10%

Excellent / Good (>27) Fair / Poor (< 27)

 
 
Coraco clavicular distance 
Coracoclavicular distance was measured from superior 
surface of the coracoid to inferior surface of the clavicle. P 
value is 0.310. No significant difference was found between 
Fracture side and normal side by coracoclavicular distance. 
 

 Fracture side Normal side 
Mean 0.861 0.827 

SD 0.107 0.102 
p value 0.310 Not significant 
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Statistical Analysis 
The information collected regarding all the selected cases 
were recorded in a master chart. Data analysis was done with 
the help of computer by using SPSS software and Sigma Stat 
3.5 version (2012). Using this software percentage, mean, 
standard deviation and ‘p’ value were calculated through One 
way ANOVA, and Chi square test and P value of < 0.05 was 
taken as significant. 
 
Time to bony union: In all patients union of bone was 
observed, and mean time required to bony union was 11.35 
weeks (range from 9 to 13 weeks). 
 
Patient Satisfaction: After the surgery, 18 patients were 
satisfied with their shoulder functions. 
 
Range of Movements: Range of movements was well 
maintained in all patients except two patients. 
 
Case Illustrations 
Case I  

Radiological outcome 
 

 
  

Clinical outcome 
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Case II 

 
Radiological outcome 

 

 
 

Clinical outcome 
 

 
 

Case III 
 

Radiological outcome 
 

 
 

Clinical outcome 
 

 
 

Case III 
 

Radiological outcome 
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Clinical outcome 

 

 
 

Case V 
 

Radiological outcome 
 

 
 

Clinical outcome 
 

 
 

Case VI 
 

Radiological outcome 
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Clinical outcome 

 

 
 

Discussion 
Many different methods of fixations are available to treat the 
displaced lateral end of clavicle fractures and it produces 
satisfactory functional results. All these methods have their 
own advantages and disadvantages due to displaced nature of 
fractures of lateral end of clavicle. Neutralization of 
distracting forces at this site leads to union of fracture. The 
union of lateral end of clavicle fracture is a challenging one, 
because of communited, small, soft distal metaphyseal 
fragments and proximity to the acromioclavicular joint union 
of lateral end of clavicle fracture is a challenging one. So that 
various methods and techniques are described for achieving 
reduction and fixation. 
 
The following methods of fixation available 
After perfect reduction of the fracture ends, transacromial 
fixation with K-wires with or without a wire cerclage. 
Fixing the coracoid process to medial clavicle using a screw 
(Bosworth), nonresorbable slings, or ropes will reduce the 
fracture ends indirectly. 
Clavicle hook plate – reduction achieved on the lateral end 
with a hook that is placed inferior to the acromion and by 
medially using plate and screw interface 
T-shaped distal radius plates, clavicle plates with lateral 
extension- both ends are reduced and fixed with a plate and 
(locked) screws. 
Specific advantages and complications for each method of 
fixation. There is high rate of infection and non-union in K-
wires with cerclage method due to migration of the K-wires 
[26]. 
Extensive soft tissue dissection is required indirect reduction 
for the fracture with a screw, slings, or ropes to expose the 
fracture site and the coracoid process. Due to bore holes, 
complications like erosion and fractures can occur [47]. The 
time to full recovery is prolonged due to limited rotational 
movements of the clavicle because of coracoclavicular 
fixation [48]. 
Good results are achieved by the use of clavicle hook plate in 
the last decade for lateral end of clavicle fracture and 
particularly it permit early mobilization in the postoperative 
period due to the rigid fixation. Short-term complications-
such as subacromial osteolysis accompanied by pain and 
subacromial impingement in a small group of patients treated 
using this plate, thus requiring implant removal occurs, even 
though mid-term results of treatment of this plate indicated 
that there were no adverse effects on the acromioclavicular 
joint. 
In these fractures a stable plate and screw fixation was 
achieved with locking plates, as described by Kalamaras, 
Daglar, and Herrma. They used plates that were not indicated 
for this fracture, although they are obtained satisfactory 

results with distal radius plates. In these study buttress effect 
of the articular surface provided by distal radius plates in a 
raft fashion placement of screws. In this study main 
complications are osteoporotic lateral fragment and screw 
pull-out from the plate because of too little grip in a small 
fragment. 
Coracoclavicular fixation or Suture augmentation of the 
coracoclavicular ligaments in such cases are suggested by 
some authors [23, 66]. Pull-out occurred in these cases because 
distal radius plate did not neutralize the downward forces 
acting on the lateral end of the clavicle fracture sufficiently. 
The precontoured locking clavicle plates have special design 
for good stability for lateral fragment: they have diverging 
screw angles in three rows with double screws, which give 
much more pull-out strength and resist shear forces that act on 
the short and soft metaphyseal fragment. We did not meet 
pull-out of plate in all our patients, even when there is 
horizontal split of the lateral 1/3rdof clavicle in the 11 months 
mean follow-up.  
Another complication we encountered with this implant in our 
study was deep infection followed by shoulder stiffness 
required implant removal to relieve symptoms.  
Very short period after surgery18 out of 20 patients attained 
prior to injury levels of activity. Fracture was immobilized 
adequately & early pain-free post-op mobilization was 
possible because of the stable fixation. High UCLA shoulder 
rating scale it’s an indirect evidence of the normal shoulder 
function with little or no sign of any negative influence on 
day to day activities. 
Precontoured locking compression plate is better than the 
conventional clavicle plate, as an ideal implant for displaced 
lateral 1/3rdfractures of clavicle. The profound knowledge of 
lateral end clavicle anatomy and close relation to 
acromioclavicular joint also requires. This procedure requires 
sufficient surgical exposure, perfect anatomical reduction 
with this specific pre-contoured plate. 
Only a few number of patients were included in our study 
which is the main limitation. Several biases occur in this 
study. So any conclusions drawn should be carefully analysed 
because of small number of patients undergoing this study. 
However, the incidence of the lateral 1/3rdclavicle fracture is 
uncommon it makes difficulties to recruit many patients. 
We achieved good initial results with the precontoured 
locking plate in all patients in this prospective study, even 
though small numbers of patients were included in our study. 
In our opinion, pre-contoured locking plate is one among the 
most technically demanding methods in treating lateral end of 
clavicle fractures. When it was used correctly it does not 
damage surrounding soft tissue and provides a stable and rigid 
fixation. Hence it will help in the postoperative period for 
early mobilization and union of fractures in short time. 
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All patients with distal 1/3rd clavicle fracture Neer type II in 
our study were treated with primary precontoured locking 
plate fixation. 18 patients had good bone union with return of 
full range of shoulder movements. There was good patient 
satisfaction except two patients. One patient had deep wound 
infection followed by shoulder stiffness and other patient who 
was not on improper physiotherapy. Implant was removed in 
the case with deep wound infection. Refracture was not seen 
in the mean 11 months follow-up.  
 
Conclusion 
This study shows that early primary fixation of distal third 
fractures of clavicle with precontoured locking plates result in 
earlier return to function. 
1. Results with using this plate are encouraging because this 

method has the advantage of achieving a stable fracture 
fixation using multidirectional locking screws in a small, 
soft distal clavicular fragment, which helps in early 
mobilization of shoulder joint 

2.  There were no major complications such as subacromial 
impingement or rotator cuff injury and thus, don’t require 
implant removal.  

3. Radiologically coracoclavicular distance was not 
significantly different between the injured and normal 
shoulders at the final follow-up.  

 
To conclude, precontoured locking plate provides an 
acceptable alternative method for the internal fixation for 
displaced distal clavicular fractures (Neer type II) and delivers 
good results. 
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