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Conclusions  There is an increasing number of fractures 
sustained by bicycle accidents and an increasing number 
of patients undergoing operative treatment. Middle-aged 
patients more often had delayed surgery compared with 
young adult patients. This could be due to an increased 
activity level of the elder population and the concomitant 
demand for a faster return to activities.
Level of evidence  III, retrospective comparative study.
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Conservative treatment · Operative treatment

Abbreviations
MBA	� Motorbike accident
MVA	� Motor vehicle accident
LEF	� Low-energy fall
HEF	� High-energy fall

Introduction

Although clavicle fractures are one of the most common 
fractures of the shoulder girdle, there is conflicting evidence 
regarding which clavicle fractures should be treated opera-
tively [1, 2]. Huttunen et al. reported an increasing rate of 
operatively treated clavicle fractures in Scandinavia in the 
last 10 years [3, 4]. They believed that this increase could 
be due to recent literature which suggests that there are ben-
efits for operative fixation with regard to faster rehabilita-
tion, faster return to work, and faster and better restoration of 
function regarding certain kinds of fractures [5–7]. The aim 
of this retrospective study was to describe the demographics 
of patients who sustained a clavicle fracture and treatment 
strategy in a level 1 trauma center in Belgium over the last 
10 years.

Abstract 
Purpose  In the last 10 years, there has been an increasing 
tendency toward operative fixation of clavicle fractures. In 
this retrospective analysis, we will demographically assess 
all patients who sustained a clavicle fracture and were 
treated in our university hospital between 2004 and 2014.
Methods  We retrospectively updated our database and ana-
lyzed all adult patients who were diagnosed with a clavi-
cle fracture in our hospital. The following parameters were 
included in the database: age, gender, Robinson classifica-
tion, date of trauma, injury mechanism, time until surgery, 
and reason for delayed surgery. Descriptive statistics were 
used to describe differences between patient groups and lin-
ear regression was performed to identify trends over time.
Results  667 patients were included for analysis. The mean 
age was 43 ± 17.7 years. The majority of clavicle fractures 
occurred due to bicycle injuries (35.3%) and these increased 
from 2004 until 2014 (r = 0.738, R² = 0.545, p = 0.009). 
Patients with a midshaft clavicle fracture were increas-
ingly treated primarily surgically (r = 0.928, R² = 0.861, 
p < 0.0001). There was an increased ratio of delayed surgery 
in relation to age from the age of 16 (9.1%) until the age of 
70 years (37.2%).
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Patients and methods

Patients

The study was performed in the only level 1 trauma center 
in Belgium. After obtaining approval from our local ethi-
cal committee, an electronic search string was set up to 
identify all emergency department reports between August 
2004 and September 2016 which mentioned ‘clavicle’ 
and ‘fracture’. This query generated 1272 patient records, 
which were then identified for duplicates, and selected 
on patients being treated during the 2004–2015 period. 
Patients between the age of 16 and 90 years were of inter-
est for our study. In total, 677 patient files were found 
eligible for inclusion. Data were collected manually from 
the electronic patient records and entered in a database 
form using Microsoft Excel.

Study variables

Age, gender, postal code, Robinson classification (type 1: 
medial fracture on the 1 fifth side of the bone [1A1: extra-
articular undisplaced medial fracture; 1A2: intra-articular 
undisplaced medial fracture; 1B1: extra-articular displaced 
medial fracture; 1B2: intra-articular displaced medial frac-
ture]; type 2: midshaft fracture [2A1: midshaft fracture 
with cortical alignment and undisplaced fragments; 2A2: 
midshaft fracture with cortical alignment and angulation; 
2B1: displaced midshaft fracture—simple or wedge com-
minuted fracture; 2B2: displaced midshaft fracture—isolated 
or comminuted segmental fracture]; type 3: lateral fracture 
on the 1 fifth lateral end of the bone [3A1: extra-articular 
lateral fracture with cortical alignment; 3A2: intra-articular 
lateral fracture with cortical alignment; 3B1: extra-artic-
ular displaced lateral fracture; 3B2: intra-articular dis-
placed lateral fracture—intra-articular] [8], open vs closed 
fractures, date of trauma X-ray, month of trauma, year of 
trauma, trauma mechanism [motorbike accident (MBA), 
motor vehicle accident (MVA), bicycle, sport, low-energy 
fall (LEF), high-energy fall (HEF), other, unknown mecha-
nism], date of the surgical procedure, days until procedure, 
primary (< 14 days) vs delayed (< 14 days) surgery, reason 
for delayed surgery [non-union (radiographically assessed 
fractures which have not completely healed within 9 months 
of injury and without progression toward healing over the 
past three consecutive months) [9], delayed union (absence 
of clear radiographic signs of bone consolidation 4 months 
after the injury) [10], malunion (healing of the bone in a 
non-anatomical position which results in complaints from 
the patient), secondary displacement, pain, near skin per-
foration, second opinion, work/sport, pain + secondary dis-
placement, unknown].

Statistical methods

Data were analyzed using SPSS 23. We decided to focus 
on descriptive statistics, correlation coefficients and linear 
regression analysis to obtain logical and clearly interpret-
able results. The patient’s geographical data were analyzed 
using QGIS 2.18.

Results

Demographics

677 patients were included in our retrospective cohort study: 
141 women and 536 men with a mean age of 51.9 (SD 19.3) 
years for women and a mean age of 40.6 (SD 16.5) years 
for men (p < 0.001). The majority of patients came from the 
region around the University Hospital of Leuven which is 
the only level one trauma center in our country. The line 
dividing the country in half is the language border (Flem-
ish–French speaking region) and the majority of our patients 
came from the Flemish-speaking region around our hospital 
(Fig. 1).

83.6% of all clavicle fractures occurred in patients 
between the age of 16 and 61 years. In the male patient 
group, there were two peaks regarding the age of injury: 
a first peak in the 21–30 years old age group and a second 
peak in the 41–50 years old age group (Fig. 2).

Trauma mechanism

In the 21–30 years old age group, the most important injury 
mechanisms were: bicycle accidents (30.5%), MBA (10.2%), 
MVA (18.8%) and sport-related injuries (18%). The majority 
of injuries occurred in the 41–50 years old age group and 
were mainly a consequence of bicycle (41.1%) and motor-
bike (17.8%) injuries (Table 1 and Fig. 3).

The mean age of our patients was different with regard 
to the trauma mechanism: MBA (39.2  ±  12.6), MVA 
(39.7 ± 17.3), bicycle (42.9 ± 14.3), sport (30.1 ± 12.9), 
LEF (51.4 ± 22.0) (HEF 54.6 ± 19.2), other mechanisms 
(42.2 ± 12.6) and unknown (43 ± 21.7). The differences in 
average age between bicycle accidents, sport-related inju-
ries, low- and high-energy falls were statistically significant 
(p < 0.001). The difference in mean age between MBA, 
MVA, other mechanisms and unknown mechanisms was 
not statistically significant. Overall, from the age of 21 until 
the age of 70 years, the majority of injuries in our patient 
population was bicycle related (Table 1, Fig. 3).

The total number of clavicle fractures over the years did 
not increase significantly (Pearson’s r = 0.4326; R² = 0.1871; 
p = 0.1839) for the entire cohort. However, there was an 
increase in the absolute numbers of cycling-related injuries 
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between 2004 and 2014 (Fig. 4). A linear regression analysis 
was performed and Pearsons’ r correlation coefficient was 
calculated for the different trauma mechanisms in function 
of the year. There was a small but statistically significant 
decrease in the number of MBA (r = − 0.612, R² = 0.374, 
p = 0.045), a large and significant increase in the number of 
cycling-related injuries (r = 0.738, R² = 0.545, p = 0.009), a 
small but significant increase in the number of sport-related 
injuries (r = 0.7, R² = 0.49, p = 0.016) and a decrease in 

high-energy falls (r = − 0.755, R² = 0.57, p = 0.007) between 
2004 and 2014. The increase in the number of bicycle acci-
dents was the most notable (Fig. 4).

Distribution of fracture type

There were 13 type 1 Robinson fractures: 8 male (1.2%), 
5 female (0.7%); 518 type 2 Robinson fractures [422 male 
(62.3%), 96 female (14.2%)]; and 146 type 3 Robinson 

Fig. 1   Geographical distribu-
tion of treated clavicle fractures 
in UZ Leuven between 2004 
and 2014

Fig. 2   Age distribution of men 
and women who were diag-
nosed with a clavicle fracture 
between 2004 and 2014
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fractures [406 male (15.7%), 40 female (5.9%)]. Subgroup 
classification can be found in Table 2. The mean age of 
patients with a type 3 Robinson fracture (47.9 ± 18.8) was 
significantly higher than the mean age of patients with a type 
2 Robinson fracture (41.23 ± 17.0, p < 0.001). There was no 
statistically significant difference in the mean age between 
type 1 and the two other types of Robinson fractures.

Treatment strategy

The treatment strategies will be presented according to the 
Robinson fracture type. Patients were grouped into those 
who had primary surgery (< 14  days), delayed surgery 
(> 14 days) or conservative treatment.

Robinson Type 1 The mean age of patients (13 cases) with 
a type 1 Robinson fracture was 56.8 (± 18) years. Three 
patients underwent primary surgery, one underwent delayed 

surgery and nine underwent conservative treatment. Due to 
the small number of patients with a type 1 fracture, these 
cases were excluded from further analysis.

Robinson Type 2 Patients with a midshaft clavicle fracture 
were increasingly treated surgically (r = 0.928, R² = 0.861, 
p < 0.0001) over the years. There was a linear decrease over 
time regarding the number of patients who was primarily 
treated conservatively. (r = − 0.761, R² = 0.579, p = 0.007). 
There was no significant variation in the number of patients 
who underwent delayed surgery (r = 0.5033, R² = 0.2534, 
p = 0.1145) as shown in Fig. 5. Reasons for delayed sur-
gery in type 2 Robinson fractures were: non-union n = 12, 
9.2%; delayed union n = 14, 10.7%; malunion n = 1, 0.8%; 
pain n = 25, 19.1%; pain and secondary displacement n = 13, 
9.9%; secondary displacement n = 24, 18.3%; near skin 
perforation n = 9, 6.9%; work related n = 13, 9.9%; other 
n = 8, 6.1%; unknown n = 12, 9.2%. When the data were 

Table 1   Trauma mechanism in relation to age group

Number of patients (N) and percentage per age category

Age

16–20 21–30 31–40 41–50 51–60 61–70 71–80 81–90 Total

N % N % N % N % N % N % N % N % N %

Trauma mechanism
 MBA 8 10.8 13 10.2 16 14.5 26 17.8 17 15.7 1 1.8 0 .0 0 .0 81 12.0
 MVA 7 9.5 24 18.8 10 9.1 9 6.2 7 6.5 8 14.3 4 11.8 0 .0 69 10.2
 Bicycle 16 21.6 39 30.5 47 42.7 60 41.1 49 45.4 25 44.6 3 8.8 0 .0 239 35.3
 Sport 25 33.8 23 18.0 11 10.0 12 8.2 4 3.7 2 3.6 0 .0 0 .0 77 11.4
 LEF 11 14.9 11 8.6 13 11.8 14 9.6 10 9.3 13 23.2 16 47.1 10 47.6 98 14.5
 HEF 0 .0 7 5.5 8 7.3 13 8.9 12 11.1 5 8.9 8 23.5 8 38.1 61 9.0
 Other 1 1.4 3 2.3 3 2.7 4 2.7 5 4.6 0 .0 0 .0 0 .0 16 2.4
 Unknown 6 8.1 8 6.3 2 1.8 8 5.5 4 3.7 2 3.6 3 8.8 3 14.3 36 5.3
 Total 74 128 110 146 108 56 34 21 677

Fig. 3   Trauma mechanism in 
relation to age of patients who 
sustained a clavicle fracture 
between 2004 and 2014
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represented as the relative percentage of treatment type 
(primary, delayed or conservative treatment) per age group, 
there was an increasing percentage of patients undergoing 

delayed surgery until the age category of 61–70 years. After 
the age of 70, the total number of type 2 clavicle fractures 
diminished and the majority were treated conservatively 

Fig. 4   Trauma mechanism in 
relation to the year of clavicle 
fracture diagnosis

Table 2   Fracture types and 
demographic distribution

Gender

Female Male Total

N % N % N %

Robinson classifica-
tion

 Type 1
  1A1 1 20.0 4 50.0 5 38.5
  1A2 2 40.0 0 0.0 2 15.4
  1B1 1 20.0 2 25.0 3 23.1
  1B2 1 20.0 2 25.0 3 23.1
  Total 5 100.0 8 100.0 13 100.0

 Type 2
  2A1 14 14.6 27 6.4 41 7.9
  2A2 3 3.1 19 4.5 22 4.2
  2B1 58 60.4 222 52.6 280 54.1
  2B2 21 21.9 153 36.3 174 33.6
  3B1 0 0.0 1 0.2 1 0.2
  Total 96 100.0 422 100.0 518 100.0

 Type 3
  3A1 22 55.0 45 42.5 67 45.9
  3A2 0 0.0 5 4.7 5 3.4
  3B1 15 37.5 50 47.2 65 44.5
  3B2 3 7.5 6 5.7 9 6.2
  Total 40 100.0 106 100.0 146 100.0



722	 M. Herteleer et al.

1 3

(Fig. 6). This delay in surgery was mainly prominent in the 
Robinson type 2B clavicle fracture group for the 61–70 years 
old group (Table 3). The delayed surgeries in this age group 
were due to three non-unions, three delayed unions, two 
unresolved pain problems, three pain problems in combina-
tion with secondary displacement of the fracture fragments, 
two secondary displacements of the fracture fragments, two 
work-related reasons, two unknown reasons and one unde-
fined reason (Table 4).

Robinson type 3 there were 147 type 3 Robinson fractures 
identified, consisting of 67 3A1 (45.6%), 5 3A2 (3.4%), 66 
3B1 (44.9%) and 9 3B2 (6.12%) type fractures. The largest 

number of delayed surgery was within the 3B1 fracture 
group [11 cases (16.7%)]. There was no linear increase or 
decrease in the occurrence of type 3 clavicle fractures in 
the 2004–2014 period (r = − 0.019, R² = 0.004, p = 0.961). 
The number of primarily surgically treated type 3 clavicle 
fractures, however, did increase significantly in a linear way 
(r = 0.829, R² = 0.6872, p = 0.0016). This increase had an 
inverse relationship with the percentage of conservatively 
treated patients (Fig. 7). The total number of delayed surger-
ies in Robinson type 3 clavicle fractures was significantly 
lower in type 3 fractures compared with type 2 fractures 

Fig. 5   Evolution of the treat-
ment strategies for the treatment 
of midshaft clavicle fractures 
between 2004 and 2014

Fig. 6   Robinson type 2 fractures: treatment strategies in relation to age. Absolute values (left graph). Relative values (right graph)
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(107 vs 13 delayed surgeries, or 20.7% vs. 8.9%). The rea-
sons for delayed surgery per age category can be found in 
Table 5.

Discussion

Clavicle fractures have been considered as common frac-
tures in young adults with a peak incidence under the age of 
30 years for midshaft fractures and above the age of 70 for 
medial and lateral fractures [2, 11, 12]. Robinson et al. and 
Nordqvist et al. described a decreasing incidence of clavicle 
fractures until the age of 35 years, a more or less stable inci-
dence until the age of 75 years and then again an increasing 
incidence with higher age [8, 13]. In our database, we identi-
fied two age peaks that should be taken into consideration: 

first, the earlier described peak in young male athletes and, 
second, the peak in middle-aged men (41–50 years old). 
Although we reported our results as the total number of 
patients per age group and not as the incidence/100,000 peo-
ple, we believe that due to the constrictive age pyramid our 
data are in line with the age shift toward the middle aged. 
This age shift has also been reported in the Scandinavian 
population [3, 14]. Huttunen et al. described an increasing 
incidence of clavicle fractures in older age groups in the 
Swedish population. In their study, they suggested that the 
increased rate of injuries in older age groups may be caused 
by more active lifestyles of the middle aged [3]. Our data 
support this theory, as in our 51–60 years age group, 44.6% 
of all clavicle fractures were sustained due to bicycle injuries 
and 15.7% due to motorbike injuries.

Table 3   Treatment strategies 
of displaced midshaft clavicle 
fractures and demographic 
distribution

PS primary surgery, DS delayed surgery, CT conservative treatment

Robinson classification

2B1 2B2

PS DS CT PS DS CT

N % N % N % N % N % N %

Age
 16–20 29 76.3 4 10.5 5 13.2 11 73.3 2 13.3 2 13.3
 21–30 44 72.1 12 19.7 5 8.2 23 74.2 4 12.9 4 12.9
 31–40 28 63.6 7 15.9 9 20.5 25 71.4 8 22.9 2 5.7
 41–50 34 58.6 15 25.9 9 15.5 30 63.8 14 29.8 3 6.4
 51–60 26 65.0 8 20.0 6 15.0 15 57.7 5 19.2 6 23.1
 61–70 10 45.5 7 31.8 5 22.7 5 33.3 6 40.0 4 26.7
 71–80 2 18.2 2 18.2 7 63.6 1 33.3 0 0.0 2 66.7
 81–90 3 50.0 0 0.0 3 50.0 1 50.0 0 0.0 1 50.0

Table 4   Reason for delayed surgery of Robinson type 2 fractures and demographic distribution

Sec Dis secondary displacement, NSP near skin perforation

Reason for delayed surgery of Robinson type 2 fractures

Unchanged 
treatment

Non-
union

Delayed 
union

Malunion Sec Dis Pain Pain + Sec 
Dis

NSP Work Other Unknown Total

N % N % N % N % N % N % N % N % N % N % N % N %

Age
 16–20 57 86.4 1 1.5 1 1.5 0 0.0 1 1.5 2 3.0 1 1.5 0 0.0 1 1.5 0 0.0 2 3.0 66 100.0
 21–30 79 78.2 1 1.0 1 1.0 0 0.0 7 6.9 4 4.0 3 3.0 2 2.0 2 2.0 2 2.0 0 0.0 101 100.0
 31–40 65 75.6 1 1.2 1 1.2 0 0.0 6 7.0 2 2.3 3 3.5 2 2.3 2 2.3 2 2.3 2 2.3 86 100.0
 41–50 79 68.7 3 2.6 5 4.3 1 0.9 5 4.3 4 3.5 2 1.7 4 3.5 5 4.3 3 2.6 4 3.5 115 100.0
 51–60 57 72.2 2 2.5 3 3.8 0 0.0 3 3.8 9 11.4 1 1.3 0 0.0 1 1.3 0 0.0 3 3.8 79 100.0
 61–70 25 58.1 3 7.0 3 7.0 0 0.0 2 4.7 3 7.0 3 7.0 0 0.0 2 4.7 1 2.3 1 2.3 43 100.0
 71–80 14 87.5 1 6.3 0 0.0 0 0.0 0 0.0 1 6.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 16 100.0
 81–90 10 90.9 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 9.1 0 0.0 0 0.0 0 0.0 11 100.0
 Total 386 74.7 12 2.3 14 2.7 1 0.2 24 4.6 25 4.8 13 2.5 9 1.7 13 2.5 8 1.5 12 2.3 517 100.0
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The largest retrospective epidemiological study has 
reported an increasing number of clavicle fractures between 
2001 and 2012 in Sweden [3]. Nordqvist et al. also reported 
this increasing incidence between 1952 and 1987 [13]. In 
our retrospective study, we were not able to validate a similar 
increase in the total number of clavicle fractures between 
2004 and 2014. This could be due to the fact that our study 
is not register based, but single center based. Over the 
1987–2012 period, two large Scandinavian studies reported 
a seven to ninefold increase in the surgical treatment of 
clavicle fractures [3, 4]. In our study, we also saw a linear 
increase in the number of midshaft and lateral clavicle frac-
tures that were treated operatively.

Type 1 Robinson fractures are rare fractures, as shown in 
our cohort where they accounted for only 1.8% of all frac-
tures. The largest series of type 1 Robinson fractures was 
published by Kihlström et al. who reported a total of 109 
medial clavicle fractures over 2 years in all Swedish hospi-
tals [14]. Due to the limited number of patients in our study, 
we excluded these patients for further analysis.

The treatment of type 2 clavicle fractures has been under 
debate among orthopedic trauma surgeons. There is only 
one high-quality study which demonstrates a clear functional 
benefit in the surgical treatment of displaced midshaft clavi-
cle fractures [6]. Other studies report higher non-union rates, 
increased discomfort and upper limb weakness [15, 16]. 
These results are inconsistent and not all studies have been 
able to confirm these results [17, 18]. Our data showed an 
increasing number of surgically treated midshaft fractures in 
the 2004–2014 period, as also reported by other authors [3, 
4, 19]. What is most remarkable, however, is the increasing 
number of delayed surgery with the increasing age of our 

patients. Although the total number of secondary surgeries 
in this group was small, up to 35% of the patients in the 
61–70 years old group underwent delayed surgery for a vari-
ety of reasons such as union problems, pain and a demand 
for a faster return to normal activities. We therefore hypoth-
esize that the increasing rate of surgically treated fractures 
was not only due to the surgeons change in motivation to 
operate, but also due to the active elderly population which 
preferred a faster return to function [3, 19]. Therefore, we 
believe it is important to treat patients according to their 
biological age and activity level and not only based on their 
calendar age. We also believe that if the surgeon advises to 
consider an operative treatment, the patient should engage 
in an early active rehabilitation program. Furthermore, the 
patient’s calendar age is relative and treatment possibilities 
and complications should be extremely well discussed with 
the patient.

As for the type 3 Robinson fractures, our patients had a 
higher mean age compared to type 2 fractures and their frac-
tures happened more often due to low-energy traumas such 
as a low-energy fall (24.5% in total). The literature suggests 
that unstable and displaced (type 3B) fractures should be 
primarily treated surgically [20]. In our cohort, we saw a low 
percentage of delayed surgery (5.6% for type 3A fractures 
and 13.3% for type 3B fractures) and we believe that this 
was due to the available scientific evidence which shows 
less complications for operatively treated displaced fracture 
types [2, 21].

In conclusion, the average age of patients with a clavicle 
fracture shifted with our aging and active population. This 
age shift was mainly seen for midshaft (Robinson type 2) 
clavicle fractures where the majority of patients were middle 

Fig. 7   Robinson type 3 fractures: Evolution of treatment strategies between 2004 and 2014 (left graph). Treatment strategies in relation to age 
presented as relative values (right graph)
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aged and sustained their injury during recreational activities. 
Although the indications for surgical treatment are under 
debate, we believe it is important to treat patients according 
to their needs and biological age.
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